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GENERAL PHYSICS RESEARCH

PHYSICS RESEARCH

Luis W, Alvarez in charge

- Research projects reported below have been carried out by the following (as indicated by the
initials at the end of each report): Maris A. Abolins (M AA), Margaret Alston-Garnjost (MAG),
Luis W. Alvarez (LWA), Jared A. Anderson (JAA), Roger O, Bangerter (ROB), Angela Barbaro-,
Galtieri (ABG), J. Peter Berge (JPB), Sharon Buckingham (SB), James H. Burkhard (JHB), Suh
Urk Chung (SUC), Frank S. Crawford, Jr. {FSC), Orin I. Dahl(OID), Jerome S. Danburg, (JSD),
Phil Dauber (PD), Don Davies (DD), Joseph C. Doyle (JCD), Philippe Eberhard (PE), Stanley M.
Flatté (SMF), Jerome H. Friedman (JHF), Eugene Gellert (EG), Lawrence K. Gershwin (LKG),
Robert I.. Golden (RLG), Ronald A. Grossman (RAG), David J. Herndon (DJH), Lyndon M. Hardy
(LMH), Richard l. Hess (RIH), Paul L.. Hoch (PLH), J. Richard Hubbard (JRH), Allen Kirschbaum
(AK), Janos Kirz (JK), Fred Kreiss (FK), Lester J. Lloyd (LJL), Gerald R. Lynch (GRL), Jerry
Manning (JM), Terry S. Mast (TSM), Maxine Matison (MM), Donald H. Miller (DHM), Richard
Muller (RM), Joseph J. Murray (JJM), William J. Podolsky (WJP), Le Roy R. Price (LRP),
Morris Pripstein (MP), Robert K. Rader (RKR), Alan Rittenberg (AR), Arthur H. Rosenfeld
(AHR), Ronald R. Ross (RRR), Joseph A. Schwartz (JAS), Daniel M. Siegel (DMS), Dennis B.
Smith (DBS), Gerald A. Smith (GAS), Lawrence H. Smith (LHS), Paul Soding (PS), Frank T.
Solmitz (FTS), Robert J, Sprafka (RJS), M. Lynn Stevenson (MLS), Robert D. Tripp (RDT),
Lambert Van Loon (LVL), Alain Verglas (AV), Michael Wahlig (MW), Victor Waluch (VW),
Robert D.- Watt (RDW), Bryan Webber (BW), A. Barry Wicklund (ABW), Charles G. Wohl (CGW),
Wolfgang Woischnig (WW), Stanley G. Wojcicki (SGW), Lauren Yazolino (LY).
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RESEARCH WITH BUBBLE CHAMBERS

Associated Production Experiment

Between mid-1960 and mid-1961, the 72-
inch hydrogen bubble chamber was exposed
to "t and T~ beams at six laboratory-system
momenta from 1.030 to 1.325 GeV/c. About
1 000000 pictures were taken, of which three-
fourths have been analyzed at Berkeley and
the remainder at the University of Wisconsin
and Purdue, Johns-Hopkins, and Duke Univer-
sities. Numerous results from this experi-
ment have been published. In late 1964 an ad-
ditional 10000 pictures of 7~ incident at five
different momenta from 0.910 to 1.030 GeV/c
were taken for analysis at Berkeley.

Hyperon Production and Decay

Study of the reaction T p—~ Z°K® at an-.
incident pion momentum of 1.17 Ge /c has
been completed.! Study of m"p—> AK” and
TTp—>Z° KT at the same momentum has con-
tinued, as has study of 7"p—~ AK®? at momenta

below 1.03 GeV/c (the threshold for = produc-’

tion). (JAA, FSC, JCD)

Radiative Hyperon Production (or Decay)

About 20 events of the type Tp—~+ AK’y
have been identified and are being studied.
(All are double vees. The gamma ray is in-
ferred kinematically; i. e. it does not materi-
alize in the hydrogen.) They represent a

fraction of order 1/137 of the nonradiative dou- -

ble vees. Whether the gamma ray arises in .
the production process or in a subsequent de-
cay of a hyperon (or meson) is not known.
(RAG, FSC)

Lifetimes of K and A

A publ{cation is being prepared. (RLG,
FSC) ' : :

Search for n - 7 m™w° and n - n+1r'y){

A systematic search has been made for -
the decay modes n = mtn n%y and n—» v ©wyy
where the etas were produced in the reaction

¥p - m¥pn with incident pion momenta 1170
and 1030 MeV/c. We have found no events of
either type. Upper limits on these two decay
modes have been determined. A publication
is in preparation. (LRP, FSC)

An Analysis of 1 = mtn~n% and the Branching
Ratio n = (3n°%)/(ntm-7°)

We have completed an analysis of the

1. J. A. Anderson, F. S. Crawford, and J.
C. Doyle, Phys. Rev. 152, 1139 (1967).

. present.

n - at7 1% Dalitz plot, using a power-series
expansion. In contrast to other analyses# we
find that a low branching ration-(3w7%)/n" 770
is completely consistent with this Dalitz plot
if one assumes the three pions to be in only the
pure T = 1 state. A publication is in prepara-
tion. (LRP, FSC)

Radiative Pion Production

We have expanded our study of the two-
prong (e.g. mfp- m¥py) and four-prong (e. g.
m¥p - 7 pmtn-y) events to include the six-
prong topology. We are now primarily using
events in which the gamma ray has material-
ized in the hydrogen, although events withkin-
ematically determined gamma rays are still
being analyzed. Our analysis has also been
extended to cover many more energy intervals
(pion beam momentum from 900 to 1200
MeV/c). (RAG, LRP, FSC)

Production of 1 Mesons

A detailed study of the angular distribu-
tions and absolute cross sections for etas pro-
duced via wp - 7 pn at incident pion momenta
from 900 to 1200 MeV/c is being continued.
The final pion-proton system is found to have
a large admixture of N* (1238). In addition a
significant amount of I = 1/2 amplitude is"
(RAG, LRP, FSC)

m63 Experiment

- The analysis of this experiment, total-
ling-30 000 events/mb in the 72-inch chamber
exposed to T~ in the momentum range of 1.5

to 4.2 GeV/c, is in its final states. ‘A number
of papers have been published or submitted for
publ1cat1on

Low-Mass KK Systems Produced in' 7 p Inter-
actions Below 5 GeV/c

The KK system was studied in the mo-
mentum range 1.5 to 4.2 GéV/c. % The KioKi
effective mass spectrum from m-p—> nK1°K1
shows a significant enhancement near thresh-
old (1060 MeV, I' = 80 MeV) at all momenta.
The most natural explanation for this enhance-
ment in these data appears to be as a manifes-
tation of a large scattering length in the I=0
KK system. The well-known ¢ meson was ob-
served in the reaction ™"p—> ¢n below 2.3
GeV/c, decaying into KTK~, with production
and decay d1str1but1ons similar to those for
mtn(p) > «®p(p). No significant enhancement
was seen in the I=1 KK channel near thresh-
old. (RIH, OID, LMH, JK, DHM)

2. Phys. Rev. Letters 17, 1109 (1966).




Decay Properties of the A2 (1320) Meson>

The spin and parity of the Ap meson
were determined independently from its KK
and Tp decay modes. It was shown, that if
reasonable assumptions are made concerning
the background, both decay modes support the
JP = 2t assignment. (SUC, OID, LMH, RIH,
JK, DHM) ' ’ :

Strange-Particle Production in 7~p Interac-
tions

Three-and-more-body final states. 4
Cross sections for the constrained final states
were measured as a function of beam momen-=-
tum, Peripheral production of low-lying res-
onances was found to be the outstanding fea-
ture of the reactions. Dalitz plots and their
projections were constructed for the three-
body final states. Production of Y"f) (1405),
-Y*~(1520), Yo (1815), Y*i(1385), K*(890), and
K*(1440) was observed as well as the KK de-
cays of the A2 and the $ meson., Cross scc-
tions and angular distributions for production
and decay of these resonances were deter-
mined. Results concerning the K*(890) were
compared with absorption model predictions.
Effective-mass distributions for particle pairs
and triplets were given for the four-body final
states. In these states the D and ‘E mesons
and simultaneous Y*K* production werealso
seen. Evidence concerning the quantum num-
bers of the Ay, the D, the E, and the K*(1440)
was discussed. The behavior of the KK sys-
tem near threshold was examined. A small
amount of = production was observed, and the
=*(1530) was also seen, (OID, LMH, RIH,
JK, DHM) .

ZIwo-body final states. 5 The reactions
mp- AK?, ZOK?,

and Z"K" were studied in
the 1.5- to 4.2-GeV/c momentum range in the
Lawrence Radiation Laboratory's 72-inch hy-
drogen bubble chamber. The total cross sec-
tions for the three reactions decrease as
E~-36, Ec33 . and ECY:3 respectively. The
differential cross sections were determined
at 11 beam momenta. A peripheral peak is

the dominant feature of the reactions ""p—+AK?

3. Phys. Rev. Letters 18, 100 (1967.)

4, O. 1. Dahl, L. M. Hardy, R. I. Hess, J.
Kirz and D, H, Miller, Strange-Particle Pro-
duction in 7"p Interactions from 1.5 to 4.2
GeV/c. Partl., Three-and-More-Body Final
States, UCRL-16978, January 1967, sub-
mitted to Phys. Rev. : ’

5. O. I. Dahl, L. M. Hardy, R. I. Hess,

J. Kirz, D. H, Miller, and J. A. Schwartz,
Strange-Particle Production in 77p Interac-
tions from 1.5 to 4.2 GeV/c. Partll. Two-
Body Final States, UCRL-17217, January
1967, submitted to Phys. Rev.

UCRL-17544

and Z°K° for which K* exchange is allowed,
but no such peaking is seen in T"p—+ Z"K*, An
exponential fit to the momentum-transfer dis=-
tributions in the peripheral region Zields slope
parameters in the 6 to 10 (GeV/c)" range.
The differential . cross sections for 7"p - AK" -
and "K' show peaking for forward-produced.
hyperons in the c. m., where baryon exchange
is expected to contribute. The angular distri-
bution of the A polarization in T-p-+ AK® was
measured. (OID, LMH, RIH, JK, DHM, JAS)

K72 Experiment

K'p =~ An

The reaction K p— Amn where the M de-
cays via various channels has been investi-
gated. The results of a study of the produc-
tion-angle distribution and total cross sections
has been submitted to Phys. Rev.® Branching
ratios of the m have been determined:°:

(M - neutrals)/(n -t n0) = 3,6%0.6;
th ~ mtmm0y)/(n > vt w0) < 0.07.

(SMF, CGW)

K63 Expe riment

The 72-inch bubble chamber has been
exposed to 30000 events/mb of K~ beams hav-
ing laboratory momenta of 1.70, 2.10, 2.45,
2.58, 2.63, and 2.70 GeV/c. Exposures with
deuterium in the chamber were taken at 2.1
and 2.7 GeV/c, and a run was made at 2.1
GeV/c with a lead plate in the chamber to con-
vert y rays and thus detect neutrals. The film
was taken between mid-1963 and early 1965,

Kp—~Aw

The reaction K'p -+ A’w from 1.2 to 2.7
GeV/c was analyzed by means of the absorp-
tion model with K and K* exchange. This anal-
ysis, with an evaluation of coupling constants
and comparison with SU(3), will be published
in Phys. Rev.® (SMF)

The Reactions K'p = K°n and K'p = m°A

The process of cleaning up V O-prong
events by comparing and resolving discrepan-
cies between two film scans and remeasuring
failing events has been completed at the '

6. S. M. Flatté and C. G. Wohl, The Reac-,
tion K™p—~ An from 1.2 to 1.7 GeV/c, UCRL-
17515, April 1967; submitted toP}}lvs. Rev.

7. S. M. Flatté Search for n »~ win~n0,
UCRL-17514,April 1967; submitted to Phys.
Rev. Letters.

8. S. M. Flatté, Can the A, K., D, and E
Form a Nonet? Alvarez memo 579 (1966). To
be published in Phys. Rev. 156, (1967).
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momenta we are concentrating on (2.1, 2.45,
and 2.7 GeV/c). This cleaning up has been
necessary in order to reduce systematic ef-
fects to within the good statistical-error limits
on cross-section determinations. Semifinal
results give hope that we may be able to de-
termine spins and parities of the higher Y *
resonances seen in the total cross section
measurements of Cool et al. (ABG, RDT,
CGW)

The Reactions Kp - pR%m7 and K p~ R°nT 7 n

gstemanc study of the reactions
K'p » pK 7~ and K'p -~ nRKortr™ is in prog-
ress. Production cross sections are being
measured for the well-known resonances. A
detailed study of the associated production of

“(892) and N (1238) is being made, includ-
ing the production differential-cross-section
and the multiple-decay correlations. This
study compares these correlations with the
predictions of exchange models with absorptive
corfections.

Studies of the Kmm™ mass spectra have
revealed two statistically significant enhance-
ments at 1280 and 1410 MeV. The nature of
these enhancements is under investigation.
(THF, RRR)

The Reactions K'p »Ant7%7~ and K'p~A7ntn

In a continuing study of the production
of the Y*(1385), p, and w resonances, results
have been reported on relative cross sections
and production angular dlstrlbut;ons of the
quasi two-body states- Y +p’ Y 05°%, and
Y"' pt, and on the masses of Y*, Y*°, and
Y*-., Investigations of decay angular distri-
butions of Y* and p, and absolute cross sec-
tions, are in progress. A thesis based on a
study of these reactions is being written by
one of us. (DMS, RRR)

Production and Decay of Cascade Hyperons

Production and decay of E~ and =0 are
being studied systematically, using K™p film

at incident momeénta of 1.7 and 2.1 to 2.7 GeV/e.

The sample of about 3200 =~ and 1200 =°
represents roughly half the world's supply of
analyzed cascade events. All well-constrained
reactions with up to five bodies in the final
state are included; total cross sections for
each reaction as a function of energy are being
determined, as well as partial cross sections
for resonant intermediate states. Differen-
tial cross sectlons and polarizations are being
measured for = and E°K° production, and

9. R. L. Cool et al.,

Phys,
16, 1228 (1966).

Rev. Letters

a partial-wave analysis of = "K' will be per-
formed in collaboration with the UCLA group
(Data for incident K~ momenta of 1.8 to 2.0
GeV/c exists at UCLA). A study of resonance
production is in progress, &ncludmg a spin-
parity determination of &

_ An analysis of the normal AT’ decay of
=0 is underway, including determination of
lifetime, spin, and decay-asymmetry param-
eters. The lifetime determination of E° should
greatly improve the precision to which this
quantity is presently known thus, enabling us
to check the AI=1/2 production 7E°%= 275"

A search for leptonic and AS = 2 decay
modes is also in progress. This search has
alreadgr yielded two unamblguous examples of
= e v to add to the previous world total of
two sure and one or two doubtful decays of this
type. No other unusual-decays have been found,
but the sample is not yet exhausted.

Results of the cascade analysis will be
presented in a paper to be submitted to The
Physical Review. Results of the partial-wave
analysis of E"K' and of a study of the ¥ pro-
duction mechanism will be published sepa-
rately. (PD, JPB, JRH)

Study of the Reaction K™p —~ =t

An analysis of charged Zm production by
K-~ on protons from 2.1 to 2.7 GeV/c is in
progress. Total and differential cross sec-
tions as well as Z' polarization are being
measured. The data will be fit to a model in-
cluding S-channel production of resonances
and Regge poles in the t and u channels.
The model will be extended below 2.1 GeV/c
using data analyzed at LRL and UCLA.,
(ABG, PD)
+

Study of the Reaction K'p A%t atn Ty

Resonance production in the A4% reac-
tion is being studied with emphasis on a search
for decay chains of the type Y* - Y1 (1385) or
Y% (1520) plus one or more p1ons Copious
production of Yi (1385) and Y, (1520) is ob-
served and there are indications that these
states are decay products of heavier Y*'s.

(PD)

K" Interactions in Deuterium

The deuterium film of path length 5
events/ub equally divided between 2.1 and 2,64
GeV/c has been scanned. Approximately
50000 events having (a) three or four prongs
with or without a secondary decay, and (b)
one-to four-prongs with a V have been meas-
ured on the Franckenstein and the Spiral
Reader. Special emphasis has been placed on



measuring the three- and four-prong with' V
events, of which three-fourths are now meas-
ured. From these events, those fitting the
reaction K'n—=+ A + X~ (X~ is any state de-
caying into ' m~m" plus possible unobserved
neutrals) are being studied to determine the
isospin of n' (958). Tentative results conf1rm
our earlier I=0 a551gnment The

K'n— =-ntn™ (n%) final states are being studied
to check on the existence of I=2 Z7 resonances.
Also belng studied is the reaction K 'n-»>~X?,
where X° is a meson decaying into 37T or 2wy,
These last two studies are being carried out

in collaboration with a SLAC bubble chamber
group. (ABG, AR, MM)
Reactions K'p —~ZFn¥n?, It
K pn+1r'1r"

, K'pﬂ*n’._,

The study of the 4-body = reactions
above led to an unambiguous determlnatmn of
the spin, parity, and width of the Y~ *(1660).
The decay of that particle into Zwm has been
explained with the help of 2 model involving
the interference of the cascading resonance
chain Y*(1660)~A (1405) + T with other proc-
esses involving the Z(1385) and an isospin-
one nonresonant W amplitude. A paper has
been submitted to Phys. Rev. Letters.

(PE, MP) '

The study of the 3-body Z reactions is
still dominated by the problem of getting more
measurements in order to better the statistics
and improve the analysis of resonance produc-
tion. (PE, MP)

Analysis of the reactions K™p— K pntn-
and K pTT"'TT w0 is contmulng with improved
statistics. (MP)

LRL-SLAC

LRL- SLAC is experimenting on T p in-
elastic reactions near the N*(1688) resonances.
About 100.000 events have now been measured,
and data analysis is in progress. (JPB, LRP,
AHR, PS)

K65 Experiment

From August 1965 to June 1966, the 25-
inch hydrogen bubble chamber was exposed to
a K- beam of about 400 MeV/c. Roughly 1.2
million pictures were taken, with an .average
of about six kaons per picture. All film has
been scanned once, yielding 450000 events,
and about 20% of the film has been rescanned.

10. P, Eberhard, M. Pripstein, F T.
Shively, V. E. Kruse, and W. P. Swanson,
A Determination of the Spin and Parity of the
Y§(1660), UCRL-17590, May 26, 1967; sub-
mitted to Phys. Rev. Letters.

UCRL-17544

Of a total of 160000 measured events, about
100 000 have been measured on Spiral Reader

I, All events have been processed on the CDC
6600 computer, and the analysis is in progress.

Study of Z Decay Parameters

In order to measure the decay param-
eters yi, Y-»> B}, and B we have scanned and
measured roughly 70% of our film for the re-
actions =¥+ + N, N+ p - N + p, where the
neutron subsequently scatters from a proton in
the chamber. The B and y are determined
by the left-right asymmetry in the n-p scatter.
We have so far about 2000 candidates for the
above sequence of reactions, We hope to com-
plete our scanning and publish the results in .
the near future. .

2~ Leptonic Decays and Interactions

Negative Z hyperons coming to rest in
hydrogen interact with protons to make A's
and =°!'s, the Z° subsequently decaying to a’
A. The form of the amplitude for the direct
production of A is being studied; with 450 of
750 events already measured. No definite
results have yet been obtained.

The rare leptonic decays of the =~ are
being studied for correlations between the
polarization of the £~ and the direction of the
lepton. About 50000 £~ decays have been
analyzed, of which about 60 events are lep-
tonic. About 40 are electrons, and 20 are
muons., Cabibbo's theory of leptonic decay
predicts two possible values of the correlation
coefficient for these decays; preliminary anal-
ysis does not readily distinguish between these
two, although one is favored. More data are
needed, and we hope to be able to extend our
run at the Bevatron to increase the statistics.

=t Magnetic Moment

A prehmma.ry figure for the magnetic
moment of the'ZT has been calculated from
the first 6000 Z's analyzed. A more statis-
tically significant figure, to be compared with
theoretical predictions from SU(3), will be
calculated when the remaining Z events have
been analyzed.

Study of K°

The K65 experiment has provided photo-
graphs of about 300 leptonic K° decays. A
study of their distributions in time and angle
is in progress, giving information on the had-
ron currents involved in these processes. At
present there are no indications that they fail
to conserve (S-Q) and CP. The time dis-
tribution of 70 three-pion decays is also being
studied for signs of CP violation.
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The Reaction K'p~> A +nr

The Amtn~ final state is beinganalyzed
for evidence of Yq(1520)~ YT(1386) + m, This
is relevant to the SU(3) classification of the
Y*(1520) and the structure of the 3/2- octet|
Three thousand events have been measured on
the Frankenstein, and a comparable number
on the Spiral Reader. A remeasurement of
events with unsatisfactory fits has been begun
on the Frankenstein. Analysis of these events
is starting with the aim of understanding the
character of the nonresonant ATT background.

Thirteen thousand A -missing-mass
events have been measured on the Spiral
Reader. The polarization and angular distri-
butions of the Am® part of these are being ana-
lyzed. This channel is of particular interest,
since it is in a pure I=1 state.

Charge Exchange {K'p= K%n)and Elastic
{K-p - K-p) Reactions

The momentum range of the incident K~
has been extended up to 430 MeV/c.

About 17 000 charge-exchange events
have been measured with the Spiral Reader and
processed through the programs SIOUX-
ARROW. The production angular distribution
has been analyzed in terms of Legendre poly-
nomial coefficients (AI/AO)- An accurate
measurement of the cross section (VA term)
will be available after the remeasurement of
the failing events.

In order to solve the remaining ambi-
guities resulting from the study of the differ-~
ential cross -section alone, the polarization of
the outgoing neutron must be measured. Half
of the total sample has been scanned for the
recoiling protons of the reaction

n+p-="n+p.

Some events have been processed in
order to check the behavior of the different
programs involved.

The elastic events are necessary in
order to compute the amplitudes of the two
isospin channels. We have measured and
processed 5000 events of this type. Their
analysis is progressing. (MAG, ROB, ABG,
FSC, LKG, DJH, GRL, TSM, JJM, FTS,
MLS, RDT, AV, BW).

P65

We are presently preparing a final re-
port on the production of strange particles in
p-p collisions at 5.5 and 6.6 GeV/c incident
momentum. This is an LRL-UCLA collabora-
tion involving approximately 12 000 events,
scanned and measured jointly by the two in-
stitutions. Two papers on the subject were
presented at the 1967 A, P.S. meeting in

Washington. 11, 12 The main emphasis has
been placed on a detailed treatment of the one-
pion~exchange model, which is a good repre-
sentation of the data at low momentum trans-
fers. There is no evidence for the production
of strange, di-baryon resonances in this ex-
periment. The data in this experiment re-
sulted from an exposure of the 72-inch hydro-
gen bubble chamber at the Bevatron in late
1965.

In the same bubble chamber film we have
measured 40 000 four prong interactions. One
of the authors (GAS) gave an invited paper at
the Washington A. P.S. meeting (1967), 13 in
which the results of this analysis were presented.
This is an extension of work published by the
LRL-UCLA collaboration. 14 Measurements
were made on the Spiral Reader, with ioniza-
tion information being used for the final anal-
ysis. This work emphasizes the detailed com-
parison of off-the-mass-shell pion-nucleon
scattering with on-the-mass-shell data. One
definite result is that our data strongly suggest
the enhancement observed in counter experi-
ments near 1400-MeV mass is simple a kine-
matic effect resulting from the one-pion-ex-
change at low momentum transfers. We are
currently measuring approximately 30 000 two-
prong interactions. This is motivated by the
hope to be able to duplicate the counter-ex-
periment results, thus demonstrating con-
clusively the kinematic enhancement at 1400
MeV. A final report on this work should be
forthcoming in about two months. (EG, GAS,
ABW, WW)

' m66 Experiment

Analysis of strange-~-particle events pro-
duced in 7*d interactions in the 2.8- to 4.2-
GeV/c range. A total of 21 000 events has
been measured and partially processed through
the data-reduction system. Attention is di-
rected at those states containing KK pairs
with and without additional pions, and those
with AK and Z K pairs. The nonstrange events
in this experiment are being analyzed at Purdue
and Illinois. (MAA, OID, JSD, PLH, JK, DHM).

11, W. Woischnig, G. A. Smith, A. B.
Wicklund, S. Wojcicki, W. Dunwoodie, and
H. K. Ticho, Bull. Am. Phys. Soc. Series II,
12, 505 (1967).

12. A. B. Wicklund, G. A. Smith, W.
Woischnig, S. Wojcicki, W. Dunwoodie, and
H. K. Ticho, Bull., Am. Phys. Soc. Series II,
12, 505 (1967).

13. Gerald A. Smith, Experimental Results
on p-p Collisions at Intermediate to High
Energies, invited paper presented at the
Spring 1967 meeting of the American Physical
Society, Washington, D.C., April 24-27, 1967.
14, E. Gellert, G, A. Smith, S. Wojcicki,
E. Colton, P. E. Schlein, and H. K. Ticho,
Isobar Production in p+p-+p+ptnt+n~ at 6,6
GeV/c, Phys. Rev. Letters 17, 884 (1966).




An exposure of the 72-inch deuterium-
filled chamber to " mesons with a variety of
momenta in the range of 1.1 to 2.3 GeV/c is
being analyzed. So far 32 000 events have been
measured on the Spiral Reader. Primary at-
tentlon is given to a study of the production of
n, w, 1'(960), and ¢ mesons as a function of the
incoming beam momentum. (MAA, DD, OID,
JK, DHM, RKR, GAS, TM).

D66 Experiment

We are presently engaged in an extensive
study of deuteron-deuteron interactions at
about 4.5 GeV/c, based on an exposure of ap-
proximately 240 000 pictures taken in the 72-
inch deuterium-filled bubble chamber at the
Bevatron in the spring of 1966. To get in-
formation on the effects of proton background
in the beam, we also took about 20000 pictures
with the chamber exposed to a proton beam at
the same momentum, 4.5 GeV/c, and about.
3.500 pictures with a proton beam at one-half
this momentum. A first scan and a partial
second scan of all the film has been completed.
In addition, a special scan to determine the
d-d total cross section has recently been com-
pleted, and a result will soon be forthcoming.
The events are being measured on the Spiral
Reader and the measurement data then proc-
essed on the CDC 6600, using the new set of
Alvarez group programs (TVGP, SQUAW,
ARROW). To date, about 55000 events have
beenmeasured (mostly three- and four-prong
topologies). Results of these measurements
are being analyzed and preliminary results on
some d-d interactions will be forthcoming in
the near future. (PE, GRL, MP).

BP66 Experiment

A 72000 picture p-p exposure was made
in the Brookhaven National Laboratory 80-inch
hydrogen bubble chamber in November 1966.
Incident beam momenta were 13, 18, 21, 24,
and 28.5 GeV/c, with roughly equal amounts
of film at each of the five momenta.

Scanning for all topologies is well under-
way. To date (May 1, 1967) about 40% of the
film has been first-scanned and about 20% has
been double-scanned. During a special part
of the scan the scanners recorded all inter-
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actions as well as the number of beam tracks
incident into the fiducial region., The results
of this special scan were cross sections for
n-prong (n< 14) topologies up to 28.6 GeV/c,
and (the results) were presented at the Wash-
ington APS meeting in April 1967.

15

About 3 000 measurements have been
made on Franckenstein MPIIB and have been
used to test programs. Another 500 events
have been measured on Spiral Reader I -- also
to debug programs. Production measurement
of n-prongs (n € 6) will await completion of
Spiral Reader II with the 80-cm scan. Strange-
particle multiple vertex events are being meas-

ured on MPIIB.

Work will be done in several areas:

1. Survey of cross sections for simple

topologies as a function of incident pro-

ton momentum.

2, Testing of the Castagnoli formula

using p-p collisions.

3. A search for '"fireballs'" in the many-

pronged events.

4. Study of the trends revealed in (1) to

aid in the design of experiments for the

LRL-NASA balloonproject HAPPE.
(01D, JHF, JK, DBS, LHS, RJS, MW)

Be7

We anticipate taking 10 000 pictures of
antiprotons in hydrogen in the BNL 31-inch
bubble chamber in June or July, 1967. The
incident momentum will be 1.5 to 1.8 GeV/c.’
The purpose of the experiment is to investigate
the production of nonstrange boson resonances.
This may be done by analyzing interactions in
the final state or, since the proton-antiproton
system has baryon number zero, by a study of
the direct process through cross-sectional
(total and differential) dependence. (MAA,
AR, GAS, RIJS)

15, R. J. Sprafka, J. A. Anderson, O. I.
Dahl, J. H. Friedman, J. Kirz, M. A.
Wahlig, L. H. Smith, and T. B. Day, Energy
Dependence of Charged-Prong Multiplicity in
p-p Interactions, UCRL-17366 Abs., Feb-
ruary 1967.
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OTHER RESEARCH PROJECTS

AEC-Supported Projects

Neutral-Diboson Spark-Chamber Experiment

In a collaboration with the Moyer-
Helmholz group at LRL, we are now preparing
a spark-chamber experiment at the Bevatron
to study the reaction m"p = n® 7" between
1.5 and 2.5 GeV/c. The principal purpose of
the experiment is to analyze the T -7 system
in.a search for scalar mesons and to measure
the m-7 phase shifts. Other goals are to meas-
ure the branching ratios of the neutral decay
modes of the n{550) and w(783) mesons from
the reactions T p -» nn(550) and 7 p +nw(783),
respectively.

The reactions will be identified by de-
tecting all final~state particles. The detec-
tion equipment will consist of a set of very
large spark chambers to detect y-rays, and
a set of neutron counters to measure neutron
time-of-flight from the liquid hydrogen target,
at all polar laboratory angles from about 0 to
80 deg with respect to the incident beam direc-
tion. The spark chambers are between seven
and eight radiation lengths thick and form five
of the six faces of a cube with the target at the
center so that the solid angle for detection of
y-rays is large.

According to the present Bevatron
schedule, setting up the equipment at the
accelerator will begin in October, and the
experiment will then start about two to three
months later. Twenty-five periods of
Bevatron time have been allotted for tune-up
and forty periods for data taking. In this run-
ning time we anticipate collecting about 8 000
events of the desired type to study the periph-
eral production of the diboson 7°7° system,
(OID, MP, MW) '

Deuteron Missing-Mass Experiment

Equipment is being fabricated to per-
form an experiment to measure the mass spec-
trum of particles recoiling against a deuteron
produced in pp collisions at various incident
proton momenta.

An enhancement in the I = 1 nonstrange
boson system has been observed at 960 MeV
in two different experiments. *©» We intend

16. J. Oosten, P, Charanon, M. Crozon, and
J. Tocquerville, Phys. Letters 22, 708
(1966).

17. W. Kienzle, B. Maglic, B. Levrat,

F. Lefebvres, D, Freytag, and H, Blieden,
Phys. Letters 19, 438 (1965).

to verify the existence of this effect and to
measure its excitation as a function of energy.
The experiment will consist of measuring the
momentum spectrum of deuterons produced in
a liquid-hydrogen target placed in the external
proton beam. The deuterons will be identified
by their time of flight as well as the absence
of veto from water Cerenkov counters. The
momentum measurement will be by means of
wire spark chambers placed on two sides of a
bending magnet. An on-line data-acquisition
system that will simultaneously record onto
tape the spark coordinates, beam intensity,
time of flight, and other relevant information
is being constructed. (MAA, GAS, LHS)

Particle Yields and Secondary Beams at SLAC

In November and December 1966, one of
the first experiments at SLAC was completed
by a collaboration between LRL, SLAC,
Stanford, Purdue, and the University of
Hawaii. Yields were measured of 7%, K%,

p*, and e* from several targets, at pro-
duction angles of 2- and 3-deg, with secondary
momenta between 4 and 14 GeV/c, from 18-GeV
primary electrons, Preliminary resulfs have
been published in Phys. Rev. Letters, and

a more comprehensive paper is being prepared
for Phys. Rev. The results of the study quali-
tatively confirm the predictions of the Drell
mechanisml19 and p production, except that
an excess of K' over K~ indicates that
associated production of some kind is large,
and a very large proton-antiproton ratio (~10)
indicates some other mechanism is producing
protons.

These measurements and those of the
dynamic crossed-field electron multiplier
(DCFEM) have been used to design a beam
now under construction at SLAC. The beam
will provide 7% between 5 and 14 GeV/c, and
if an rf separator is added, K' at 12 GeV/c,
with the 82-inch bubble chamber as detector, A
proposal is being prepared on behalf of most
of the Alvarez group, requesting film from the
82-inch bubble chamber, since that chamber
is expected to begin providing film in late 1967,
(SMF, JIM, SGW)

18, S. M. Flatté et al., Phys. Rev, Letters
17, 366 (1967).

19. S. D. Drell, Phys. Rev. Letters 5, 278
(1960); S. D. Drell, Rev. Mod. Phys, 33,
458 (1961); J. S. Ballam, M Report No. 200,
W. W. Hansen Laboratories of Physics,
Stanford University, 1960 (unpublished).



Radiofrequency Detector for High-Energy
Particles

The DCFEM--a microwave-gated photo
multiplier tube built at LRL~-has been tested,
and some of its properties determined, in an
experiment at the Stanford Linear Accelerator
Center.

In order to study the bunch structure of
a secondary beam at SLAC, the DCFEM
was mounted on a Cerenkov counter which
gave about seven photoelectrons per detected
particle on the average, and the DCFEM was
-phased carefully with the linac. With the out-
put of one DCFEM, it was determined that
less than 3% of the secondary beam is con-
tained in the half-cycle away from the linac
bunch, and with two DCFEM!'s in coincidence,
this limit was reduced to 0.01%. From data
such as these it is now known that the LRL
version of the DCFEM is sensitive during
about one-half of the rf cycle, and that the
inherent sensitivity ratio between the sensi-
tive and the insensitive half-cycles is about
four (which can be raised to an indefinite level
depending on the number of Cerenkov photons
per particle, the discrimination levels, and
the number of DCFEM!'s in coincidence).

At the same time, of course, the rf
bunch structure of a secondary beam at SLAC
was investigated. It was shown that the rf
bunch of the secondary beam has a half width
of less than 10 deg of phase, and that the tail
of the bunch extending over the half cycle of
the phase between bunches contains less than
0.1% of the particles. This indicates that a
one-stage rf-separated secondary beam will
work well at SLLAC, During this experiment
time-of-flight differences of 0.15 nsec were
measured over a flight path of 22 nsec,
(SMF, JJM, SGW)

Flux Pump

A very sensitive magnetic flux ampli-
fier is under construction. Some parts of the
amplifier have been tested, and the assembly
will be tested soon. (PE)

UAR/USA Pyramid Project

During the preceding six months the de-
sign and construction of a wide-angle, high-
resolution, cosmic ray telescope has been
completed at the Lawrence Radiation Labora-
tory for use in the location of unknown cham-
bers in the Pyramids at Giza. The telescope
utilizes three layers of conventional plastic
scintillation counters to detect the incoming
mu mesons. Two layers of wire spark cham-
bers with magnetostrictive digital read-out
are placed above the iron absorber to deter-
mine the incident angle of the particle to high
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accuracy, approximately 3 mrad. However,
the overall precision is limited by the Coulomb
scattering in the limestone. We will '"harden
the beam'' by the addition of approximately 5 ft
of iron, The overall precision will then be
about 40 mrad,

We have been able to obtain commercially
a wire cloth woven from 6-mil copper wire in
the warp and stranded fiberglass in the woof.
The cloth is then epoxyed to a fiberglass sheet
and the copper wires are connected to an alumi-
num backing plate. This technique avoids the
tedious stringing of wires in a frame and
significantly reduces the cost of the spark
chambers. As well as insuring good mechani-
cal strength, the aluminum plate makes the
chamber "look" more like a conventional plate
chamber, in the electrical sense. A detailed
analysis of the electrical properties is compli-~
cated, but the aluminum backing plate provides
a number of features that are desirable for
good chamber operation,

Our spark-chamber telescope was in con-
stant operation since December, 1966 until
shipment in March 1967. The overall system
efficiency is slightly greater than 80%. Approx-
imately 5% is lost by chamber double sparking,
caused by electrons that have been Coulomb-
scattered by mu mesons. Ten per cent is lost
because of the construction geometry. (This
10% had to be sacrificed in order to make the
spark chambers small enough to go down the
Pyramid passageway.) The remaining five per
cent is lost for miscellaneous reasons, pri-
marily spark-chamber misfiring.

The electronics for the system was de-~
signed with reliability as the primary design
criterion, and in this respect the design has
been exceedingly successful. In almost three
months of continuous operation at the Lawrence
Radiation Laboratory, the equipment has re-
quired very minor maintenance, and we are
completely convinced that the equipment will
withstand the severe environment. The appa-
ratus is now being assembled at the Pyramid
Site in Cairo and will be in operation in June
1967, It is estimated that the survey of the
first Pyramid will take about six months con-
tinuous operation. (LWA, JAA, SB, JHB, FK,
LY)

High-Altitude Particle-Physics Experiment

In this program cosmic radiation will be
used to extend the study of high-energy inter-
actions beyond present accelerator energies.
To accomplish this our apparatus will be car-
ried to 15-mb residual altitude (93 000 ft) by
a tandem mylar-scrim balloon, For our
physics requirements two flights a year, each
of about 20~h duration, will be made to supply
us with 40000 particles per flight. The vehicle
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carrying the instrumentation will land at sea
and be recovered by ship.

Design is complete for a gondola that
will provide a momentum=~analyzed beam of
protons greater than 100 GeV/c and pions
greater than 14 GeV/c. Provisions have been
made in the gondola for experiments that will
later be made below the analyzed beam; how-
ever, no steps have been taken toward building
this equipment, This gondola will accumulate
40000 events of the above analyzed particles
per 20-h flight,

The beam is analyzed in two steps: (1)
the beam passes through a gas Cerenkov de-
tector, which discriminates against the more
numerous low-energy particles, and (2) the
momentum is measured by a combination of
spark chambers and emulsions with a mag-
netic field. The major items of equipment
for the Cerenkov and momentum-analysis
portion of the gondola have been fabricated.
One Cerenkov detector has been built, and
various pieces have been tested to the extent
possible at sea level,

Cerenkov Detector

One Cerenkov detector was flown with a
balloon from Chico, California, to test the
integrity of the bag material, the gas valve's
ability to compensate for changes in altitude,
and the accuracy of particle-threshold control,
and to measure above-threshold rates encoun-
tered at altitude, Data from this flight are
now being analyzed.

Another Cerenkov detector is being
assembled for a flight in July 1967, This de-
tector will be made to provide a maximum
geometry factor and utilize anticoincidence
scintillators around each of the 5-in, Cerenkov
photomultipliers. The anticoincidence scin-
tillators were found necessary from the bal-
loon flight made July 1966 of a 1/3-scale
model of the counter system. It was noted on
this flight that many below-~threshold particles
were causing pseudo-Cerenkov pulses by
going through the photomultiplier tube. Data
from the flight made in February 1967 will be
used to evaluate the effectiveness of these
anticoincidence detectors in eliminating false
Cerenkov pulses,

The Cerenkov detector now under
assembly has its photomultiplier tubes and
mirror housed in an aluminum cone along with
the scintillators below the gas bag, This
‘'cone'' has been fabricated and the elements
(antiscintillators, mirrors, and photomultipli-
er supplies) are being installed. A photomulti-
plier supply is potted in Silastic on the base of
each tube, thus eliminating the need to distri-
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ute high voltage in the reduced atmosphere at
higher altitudes. Extensive testing on these
phototube supplies has shown that they regulate
to 2% between 20 and -30°C.

Extensive magnetic shielding is required
around all photomultiplier tubes in the gondola
because of the large stray field. The absence
of iron in the superconducting magnet com-
pounds the stray-field problems. A photo-
tube shield utilizing both silicon iron and p-
metal has been tested under fields expected
during the flight.

Momentum Analysis

The momentum-analysis portion of the
gondola is divided into three sections - the
spark chambers, the emulsions, and the mag-
net. These are contained in the spool and
Dewar sections of the gondola, The supercon-
ducting magnet, which is the most critical
section of the momentum-analysis portion, is
presently being wound at the Lawrence Radia-
tion Laboratory in Livermore., Completion of
the superconducting magnet is now scheduled
for August 1967,

Recent tests of a new titanium alloy
superconductor have shown that the magnet
can be run at fields up to 15 kG with this wire,
The decision was made to use the new wire,
and all of this new superconductor has been
delivered and is now being wound on the mag-
net. Changes in the mechanical structure of
the magnet and the use of this new supercon-
ductor will allow us to increase the operating
field to 13 kG, 25% higher than expected six
months ago. Future structural changes are
necessary to utilize the full 15-kG capability.

The first of two spark chambers neces-
sary for the momentum-analysis section of
the Gondola is now being assembled and will be
flown in the engineering flight scheduled for
July 1967, These spark chambers were de-
signed for minimum maintenance after filling
with neon because of the possible long delay
between the time of installation and of flight
on the gondola. They will be able to run for
long periods with no gas flushing while main-
taining high sparking efficiency. The most
essential characteristic of the spark-chamber
systems, however, is that they locate and re-
cord to £200p the location of the particle's
trajectory. To accomplish this, great care
has been taken to insure that the optical sys-
tem for the spark chamber introduces little
distortion. The mirrors were constructed by
laminating two sheets of flat glass on either
side of stainless steel honeycomb, thus making
them light in weight and structurally stiff.

- The engineering flight, HAPPEF-1 (High
Altitude Particle Physics Experimental
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Facility will fly one emulsion on the emul-
sion-supporting structure. Temperature
transducers will be placed on the titanium-
beryllium frame to determine what tempera-
ture insulation and control will be necessary
to maintain dimensional stability between the
emulsions. The engineering data accumu-
lated on a 1/3-scale model indicate that the
dimensions can be controlled to enable mo-
mentum of a 100-GeV/c proton to be meas-
ured to 2.5% and that of a 1 000-GeV/c proton
to 20%. s
Small sample emulsions have been

poured on both sides of Herculite glass to de-
termine the effect of the emulsion on the
chemically tempered glass. After several
trials this technique was perfected; further
work now in progress is developing pouring
techniques for large-sized emulsions that
will not introduce distortions,

Scanning

The scanning machine for these large
emulsions {1-in-diam) has been built, and
laser interferometers have been installed for
coordinate measurement. Engineering speci-
fications on the machine indicate that x-y
positional accuracy of 1/3\ is possible. A
PDP-8 computer was purchased to link the
laser-interferometer output to the drive
motors and scanning controls. This scanning
machine is tightly linked to the overall prob-
lem of "trackfinding, ' that is, correlating a
spark-chamber track to a particular emulsion.
This has been accomplished by the spark-
chamber emulsion arrangement flown July
1966 (HAPPE-0). Tracks were located in two
nuclear emulsion stacks, one in the labora-
tory and another flown to 15 mb, Only 80%
success was achieved on the events made at
high altitude, due to the large electron back-
ground. A further test is now ensuing to de-
velop better recording accuracy to cope with -
the high electron background.

Operations

The immediate focus of our efforts lies
on the summer balloon flight of HAPPEF-1.,
A contract has been let to the G. T. Schjeldahl
Company for the balloon operations. They
will build the balloon and launch the system
using a ""Stonehenge" launch method. Be-
cause of this relatively new method of
launching a heavy payload, a successful test
of the launch was made in April.

The balloon will be tracked during
flight, and the gondola will be located at sea
by a Loran repeater system and telemetry,
Two complete telemetry stations have been
built for this purpose and were tested on the
Cerenkov-detector flight in February. One
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station is mobile and will be located down
frange from the launch, The other will be
located aboard a ship. Extensive investiga-
tions are in progress to determine the best
deployment of in-sea tracking and locating
equipment,

Within the next few months a survey of
the additional sites will be made for possible
launching areas, Hawaii is ideally situated
for launching, since a sea recovery is possi-
ble all year around (Chico, for example, is
limited to summer flights because the winter
high-altitude winds are predominantly from
the west). The more southern latitudes are
also optimum from the standpoint of particle
backgrounds. The higher geomagnetic cutoff
of Hawaii (11 GeV/c), for example, would
eliminate ten times more background than
Chico (geomagnetic cutoff of 3 GeV/c).

At this date the following flights are
planned or have been executed:

HAPPE-O0, 1/3-scale detector system with

spark-chamber emulsion track-
: finding, July 1966;

HAPPE-1/2, full-scale Cerenkov detector,
February 1967;

HAPPE-3/4, launch test of a full sized
mock-gondola, April 1967;

HAPPEF-1, full-scale gondola and counter
system, less the supercon-
ducting magnet, July 1967;

HAPPEF-2, HAPPEF-1 system with the

magnet to make a ""beam sur-
vey,' early 1968,

Future Endeavor

The first flight of the full-scale system
remains foremost in our efforts, even while
executing the test of the vehicle on HAPPEF-1,
Many systems not needed on this engineering
flight will be needed for HAPPEF-2, such as
the data-analysis system and the momentum-
analysis assembly. More development will be
needed for a reliable track-finding technique,
and measurement of the emulsion system will
be investigated extensively. The logistical
problems will be surveyed to allow us to make
flights more economically and at more desir-
able locations.

Upon receipt of the superconducting mag-
net in August, we will integrate in it an emul-
sion—spark-chamber system to find tracks in
the emulsion with the magnet running, This
test will serve to bring out any problems
associated with running the spark chambers
and electronics under high ambient magnetic
fields. (LWA, JAA, PD, AK, LJL, RM,

DBS, LHS, MW, LVL, VW).
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BUBBLE CHAMBER OPERATION AND DEVELOPMENT

Robert D. Watt in charge

25-Inch Hydrogen Bubble Chamber

At the start of the report period, the
chamber was operating in the University of
Wisconsin (Fry-Camerini) K~ deuterium run.
The chamber operated in the double-pulse
mode every other pulse because of beam com-
patability problems with other experiments.

In December, the deuterium was dumped
and the chamber filled with hydrogen to con-
tinue the Murray K65 experiment. The experi-
ment was terminated on December 19 because
of Bevatron generator failure,.

A total of 99 rolls of film (1.7X40° pic-
tures) were taken for the two groups.

Personnel from the 25-in, crew have
since been assisting on the conversion of the .
72-in. chamber to 82 in.

72-Inch Hydrogen Bubble Chamber

The chamber was in operation with hy-
drogen during the report period for the
Trilling-Goldhaber and Powell-Birge groups.
A total of 424 rolls of film (2.97X10° pictures)
were taken,

The 72-in., chamber terminated opera-
tion as a vapor-expansion-type- chamber on
December 9, 1966 after 7-3/4 years of oper-
ation as a physics research tool. Over
14X106 feet of film have been processed. This
represents approximately 8,2X10° stereo
triplets.

72~ to 82-Inch Chamber Conversion

Since Building 59 is being demolished
ahead of the original schedule, the cold engi-
neering run of the completed system will be
conducted at SLAC. A warm test of the ex-
pansion system will be done at LRL., The
72-in, magnet was moved to the Bevatron
Annex, where assembly of the 82~-in, cham-
ber is progressing,

Because the contractor has failed to de-
liver a hydro-formed bellows, a bellows simi-
liar to the 25-in, ~-chamber bellows has been
fabricated at LRL and welded in the cham-
ber.

The hydrogen shield has been assembled
to the top plate, and a myriad of plumbing
attached thereto, The large glass window has
been polished, and fiducials have been applied
and measured. The new vacuum tank is in-

stalled in place. The drive rods and
hydraulics system are being assembled at the
present time.

The completed chamber and magnet will
be moved to SLLAC in midsummer.

DATA REDUCTION OPERATIONS
Personnel

The group was authorized to boost its
effort level from 73 to 88 full-time equivalents

(FTE). The assembled effort figures for this
period are:
Gross Net
effort effort
Month (FTE) (FTE)
November 89.5 78,3
December 84.6 74.6
January 83.4 75.5
February 81.9 62,7
March 76.5 70.2
April 94.5 89.5
Average 85.1 75.1

The figures under the gross-effort
column represent the total effort assigned to
the Scanning and Measuring payroll account.
To arrive at the net-effort figures, deduct
sick leave, vacation, holidays, and leave with-
out pay from the gross effort. The net effort,
then, is the effort available for group use, In
comparison with the preceding semiannual
period, we have realized (on the average) a
gain of 5,7 FTE, or a 7.3% increase in the
gross effort.

Scanning
APE

The total scanning and measuring effort
devoted to the APE experiment for this
period was 6749 h. This represents 14.2% of
the group's total effort, In this effort 360
rolls of film-were scanned with the following
breakdown:

Event Types

First scan Rolls
Two-prongs 10
Three-, four-, and six-pfongs,

and single-vee events (7~ film) 274
Three-, four~-, and six-grongs,

and single-vee events (v film) 21

Subtotal 305




Second scan Rolls
Three-,.four-, .and six-prongs,.
and single-vee events (7~ film) 50
Three-, four-, and six-grongs,v
and single-vee events (7" film) 5
' Subtotal 55
APE total 360

P65

The total scanning and measuring effort
devoted to P65 was 6641 h, 14,0% of the group
total. The experiment consists internally of
two separate experiments: Experiment 17
{pp at 6.6 GeV/c), and Experiment 24 (pD, at
6.6 GeV/c). The scanning done was mostly
devoted to special scans (twice-failing events,
ambiguities, etc,) with the total scanning
amounting to 493 rolls,

Event Types Rolls
First scan
Experiment 17: Two-prongs 50
Experiment 24: Nonstrange-particle
events 7
Subtotal 57
Special scans
Experiment 17: Resolution of twice- _
failing or ambiguous strange-particle = - |
events ‘ 307
Experiment 24: Resolution of twice-
failing or ambiguous nonstrange- .
particle events. 129
Subtotal 436
493

P65 total
PI166

With a total scanning-and-measuring
effort of 12329 h during the period (25.9% of
the group effort), PI66 was able to scan 898
rolls between its three constituent experi-
ments. Experiment 18 (ntD, at 2.8 to 4.2
GeV/c) accounted for 423 rofls, Experiment
25 (17D2 at 1.1 to 2.3 GeV/c and pD; at 2.1
GeV/c) added another 457 rolls, while Experi-
ment 26 {pp at 13 to 28 GeV/c) accounted for
the remaining 408 rolls. The breakdown is
as follows:

~13-
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Event types ]
First scan Rolls
Experiment 18: All vee'd events 19
Experiment 25: Three~-, four-, five-,
and six-prongs; all vee'd events; -
one- and two-prongs with obvious
protons ) 317
Experiment 26: All topologies 30
All topologies
except two-prongs _16
Subtotal 382
Second scan
Experiment 18: All vee'd events 43
Experiment 25: Three~, four-, five-,
and six-prongs; all vee'd events;
one- and two-prongs with obvious
protons 10
All vee'd events 30
Experiment 26: All topologies 10
Al] topologies
except two-prongs 12 .
Subtotal 105
Experiment 48: Cross section 35
Ambiguities 276
Conflicts 50
Experiment 25: Cross section 90
Conflicts 10
Experiment 26: Cross section 40
-Subtotal 411
PI66 total 989

K65

K65 received 9817 h of scanning and
measuring effort during this period, 20.7% of
the group effort. A great deal of K65 scanning
time was devoted to recoil scans in preparation
for the Washington Conference in April. The
910 rolls scanned were divided as follows:

Event types

First scan . Rolls

Strange-particle events - 95

Second scan

Strang.e-particle events 120

Special scans

Recoil events 600

Conflict 95

Subtotal 695

K65 total 910
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K63

Over the period the average scanning
and measuring effort was 25.2% of the group
effort, giving a total of 12012 h devoted to
the experiment, As can be seen from the
breakdown, Experiment 23 (pD, and DD, at
4.5 GeV/c) accounted for 323 rolls, the most
significant portion of K63's scanning effort,
Lesser amounts were devoted to Expzriment
12 (K”p at 1.7 to 2.7 GeV/c), and Experiment
14 (K™Dy at 1.7 to 2,7 GeV/c), with their
totals being 1540 and 300 rolls respectively.

Event types
First scan Rolls
Experiment 23: Three- and four-prongs 35
All exceptone~- and two-prongs 245
Subtotal- 280
Second scan
Experiment 412: Tau decays 140
Experiment 23: All except one- and
two-prongs _40
Subtotal 180
Event types
Special scans
‘Experiment 12: Ambiguous events 1400
Experiment 14: Ambiguous events 300
Expzriment 23; Cross section 3
Subtotal 4703
K63 total 2163
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Measuring

The number of events measured during
this period showed an increase of 84429
events, or approximately 29.2% over the pre-
vious period., The greatest share of the in-
crease was borne by the Spiral Reader, which
measured at unprecedented rate during
this psriod,

Measuring
Machine Events hours
IIA 26 251 2791
IIB 18729 2596
1IC 281725 2 955
1D 24474 3354
All Franckensteins 98179 11 696
Spiral Reader I 274581 %0 3384
Total 372760 15014

As Spiral Reader II gradually becomes
opesrational during the next six months, our
measuring output should increase rapidly,
regching an instantaneous rate of more than
10" events per year by the end of Calendar
1967,

20. The vertex-oriented nature of the Spiral
Reader dictates the necessity of the addition
of one further statistic: during this period

the Spiral Reader measured 364 055 vertices.
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DATA-REDUCTION DEVELOPMENT

Lester J. Lloyd, Norman R. Andersen, Glenn T. Armstrong,
James N. Baldridge, Roy Carlson, Alice T. Lee,
Gerald Lynch, and Frank Solmitz

Spiral Reader Development and Operation

During the past six months Spiral
Reader I has measured nearly 300000 events
from six different experiments, The relia-
bility and speed of the machine have improved
to the extent that measurements are being
made about 80% of the time, and as many as
3000 events have been measured-in one day.
A three-reel film drive system has been
built and tested for this machine and will be
used soon., In the next few months this ma-
chine will be moved from its present location
in Building 46 to Building 50B.

Spiral Reader II has been built and
tested and moved from Building 46 to.
Building 50B, All systems are now opera-
tional except for the automatic fiducial sys-
tem and the laser crutch-point system.

Spiral Reader Il is expected to start produc-
tion this month.

Spiral Reader Prdgrammigg

Many improvements have been made to
the Spiral Reader filter program POOH to
reduce the failure rate of the program. Most
of this effort was directed toward making the
program work well for new experiments.

New calibration programs have been
developed that make calibration of the Spiral
Reader faster and more accurate, although
this increased accuracy has yet to be incor-
porated into POOH,

The PDP-4 program has been modified
to operate Spiral Reader II and to operate the
three-reel film drive. Work continues on a
new improved general program,

PROGRAMMING EFFORT

The computer programs described in this report involved the programming efforts of the
following persons: ' .

Robert J, Harvey

(Supervisor of the Alvarez Programming Groui))

G. T. Armstrong B. J. Cottrell W. O. Koellner
J. N, Baldridge O. 1. Dahl M, Leavitt

J. P. Berge C. T. Draper A; J. Lee

G. M. Brandon N. L. Gould E. A, Romascan
J. H, Burkhard ' M. S. Hutchinson J. D. Stedman
R. E, Carlson D. L. Iverson T. -R. Tonisson
‘R. W. Casey N. K. Joseph . J. J. Wilson

prepare (i.e. select, order, sort, etc,) data

Introduction
from various measuring devices for processing

At the time of the last progress sum-
mary, most Alvarez Programs had already
been converted to the CDC 6600, For the
past six months, much of the effort has been
directed toward developing these programs
to také maximum advantage of the new sys-
tem, New programs have been developed in
conjunction with the Pyramid and Balloon
Projects. Major programs have continued
to be maintained and changes made in support
of the physics research program. :

General Information

Alvarez Group programs may be di-
vided roughly into the following six general
classifications:

1.” Data-Editing Programs: designed to

through the physics programs. ° }

2, Data-Analysis Programs: designed to
analyze {e. g. reconstruct, fit, plot, etc.) data
for purposes of extracting its scientific con-
tent.

-3, Library-Function Programs: designed to
serialize, manipulate, and keep track of data
for reference purposes, . )

4. Support Programs: routines which per-
form miscellaneous functions in support of .
the programs in the above categories.

5. Spiral Reader Programs: codes associ-
ated with the control, operation, and support
of the Spiral Reader. (See also Alvarez Data
Reduction Development, )

6. Cosmic Ray Programs: programs
associated with the Balloon and Pyramid
Projects.
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The following annotations summarize
the work of the Alvarez Group Programming
Staff in each of the above areas for the period
November through April 1967:

Data-Editing Programs

PANAL. This program orders and sorts
events via experiment, roll, frame, and
beam track. Modifications were made to the
7044/94 PANAL versions. The CDC 6600
-version of PANAL is being completed.
MATCH., This CDC 6600 program which does
three-view track correlating is being re-
vised. It now includes event- and experi-
ment-dependent data read from the disc, and
a MATCH-ordered Panal-formated output
tape.

Data-Analysis Programs

SOUCI. This is the 6600 combined three-
view geometry and kinematic-fitting program.
An addition is being made, whereby a differ-
ent set of track parameters are used to define
stopping, neutral, and two-point charged non-
stopping tracks, An arithmetical-error re-
start procedure has been developed, and the
1/0 has been changed to include double buf-
fering (see P-164),

ARROW. This CDC 6600 program for proc-
essing SOUCI output has been speeded up and
the core size has been reduced. ’

CSUMX. A chain version of the CDC 6600
ASUMX, the CSUMX program has all of the
features of ASUMX, but takes less core space
(see P-163),

Library-Function Programs

LYRIC III. The net operating time of this
CDC 6600 version of the main library pro-
gram has been reduced, and the standard
Alvarez Group I/0 routines are now being
used., Special conflict routines for experi-
ment K65 have been added. The following
routines have been added or changed:

a. LYCARD, the scan-card translating pro-
gram, now properly handles beam-track scans
for all experiments.

b. CORECT changes information on PANAL
or data-summary formated tapes. It may be
used alone or in conjunction with LYRIC III,

LYRIC II. This is the 7044/94 version of the
main library program. HYDRA, the LYRIC
II I/0 routine, has been modified to allow
reading of multi-reel tape files.

MESH. This 7044 program allows the merging
of a Panal event with a recoil associated with
that event.

SORT. This is a CDC 6600 ordering pro-
gram for various types of output tapes (see
P-161). Additions have been made that

allow stacking of any number of input tapes
and separating by experiment number the
ordered output tapes.

Support Programs

POHIST. Written for the CDC 6600, this new
summary program makes statistical calcula-
tions on data in conjunction with the POOH
program, POHIST does histogramming,
averaging, and makes RMS calculations for
each roll, operator and tape.

PHHIST. This CDC 6600 program makes
histograms of pulse-height information from
POOH output tapes,

STEEP. This CDC 6600 Spiral Reader opti-
cal-calibration program has been speeded up
and reduced in size,

CHANT. This program punches Franckenstein
control cards from special format scan cards,

PATHOS/LG. Each calculates do/d@ and
polarization for the reaction K p—~Z*N¥ by
using different methods.  PATHOS calculates
the coefficient of Legendre polynomials, and
LG calculates Regge poles plus resonances,

Spiral Reader Programs

POOH. This combined track-filtering and
track-correlating CDC 6600 program for
Spiral Reader data is being revised so that it
can handle data from Spiral Reader II and can
use the new system of optical-mechanical cali-
bration constants generated by the Program
STEEP,

Cosmic Ray Programs

(HAPPEF) This stands for High Altitude
Particle Physics Experimental Facility, com-
monly known as the Balloon project. The fol-
lowing are programs associated with this
project:

a, LOON 1is a program being written for the
PDP-8 to shuffle pulse-height and count-rate
information.

b. BALNOPT is a CDC 6600 spark-chamber
optical-calibration program under develop-
ment.

c. ELEBCK/MUBCK. These two CDC 6600
programs calculate the number of high-energy
electrons and muons at various altitudes re-
sulting from proton interaction,

PYRIM. This program was written for the
Pyramid Project, It is a Monte Carlo routine
simulating the cosmic ray pyramid data. The
program is opsrational on the CDC 6600 and
IBM 7044,

GHBHST/GHBRHST. These set up a library
system for the IBM 7044 to be used during
processing of actual Pyramid data, They are
operational on the 6600 and 7044.
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Programming Notes

The following programming notes have been written during the last six months:

P-153 M, S. Hutchinson . 10/31/66 Alvarez Group 6600 Tape Dump (AGDMP)

P-154 O, I. Dahl ' 11/18/66 CREE - SUMX Physics Tapes for PI66
D. Davies . :

P-155 M. Leavitt : 11/29/66 EXTERN - A 6600 Fortran Program to

Produce a Subrouting Logic Map from a
FORTRAN Source File ’

P-156 ° J., Friedman 11/20/66 MURTLEBERT - A General Program for
Fitting Data by the Method of Maximum
Likelihood
P-157 D, L. Iverson 12/14/6'6 Emulsion Microscope Stage Position
' . Print Routine for the PDP-4
P-158 J. Friedman 1/9/67 DISPLAY - A Data Display Program for
the CDC 6600
P-158.4 J. Friéedman 6/67 SUPER DISPLAY - Cal Comp/CRT/
Vista Console
P-159 J. Friedman 2/1/67 MURTLEBERT for the IBM 7044/7094
D. Casey
P-160 J. S. Danburg 2/14/67 BUBBLE - A Program to Utilize Spiral
G. R. Lynch Reader Measurements of Track Brightness
P-161 B. Cottrell 2/22/67 6600 SORT - An Ordering Routine for .

Master List, PANAL, SIOUX, ARROW,
and SUMX Output Tapes

P-162 G. R. Lynch 3/8/67 6600 OWL - A Monte Carlo Phase-Space
. Program
P-163 M. Leavitt 3/20/67 'CHAIN SUMX - Preliminary User
Information
P-164 N, L. Gould 4/11/67 How to run SOUCI

J. J. Wilson

UCRL-8030

This effort in data compilation and summary continues to expand.” The January 1967 Rev.
Mod. Phys. article was 50 pages long, vs. 28 pages in October 1965, It contained a new sectiom,
compilations of mass spectra, which will be continued as a regular activity. The wallet sheets
were completely updated, and a sample is attached.

Working with Dr., John Hornbostel of BNL, we have inaugurated a second new activity, com-
pilations of cross sections. We have started to collect data and write programs, The first
edition will appear in about one year,

UCRL-8030 and the wallet sets are now printed and distributed simultaneously by CERN
and LRL. (AHR, ABG, WJP, LRP, PS, CGW)
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Data on Particles and Resonant States:
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Table S, Stable Particles.

Rev, Mod, Phys., Jan

uary 1967

A. H., Rosenfeld, A. Barbaro-Galtieri, W, J. Podolsky, L. R. Price, Matts Roos, Paul Soding, W. J, Willis, C. G, Wohl
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1’The definition of these quantities is as follows

P ., 2Imis’R) LIst? P2

_ 2 Re(s”
o=

381 327

0(3/2") 1674
22 +3

1,5x10° 10
+.5, ¢cT

2.802

4.5

221
66

296
216

|s1%+1P|2

1s1%+PI? 1512+ (P12

tan 0=E, tan‘A=;E.
Y a

S = Scale factor = ,/y7[N-1) where N= number of experiments,. S should be= i, If $>1, we have enlarged the error of the mean, 6x, i.e., 6x—=5 8x, This new conven-

tion, is
See notes on Stable Particles in text,

still inadequate, since if S >1, the real uncertainty is probably even greater than $6x.
b, See notes in data card listings,

c. Theoretical value,

See text,
See also data card listings.

In decays with more than two bodies, Py, is the maximum momentumn that any particle can have,
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2 3 456 810
xz

20

30 405080 80100

factor of two for all materials. )

Natural background: 100 mR&/year

“Tolerance” 100 millirem/week [Note, 1R may produce
up to 10 "Rem" (R equi i
type of radiation. |

for man), on

0100 200 300400
P (MeV/c)

Atomic and Nuclear Properties of Materials
. Callision Length Minimum Radiation Length .
CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS T Cross Section mllg -dE /dx* ,_d"k Density
Note: AV is to be understood over every coefficient; ¢.g., for -8/15 read -V8/15, Notation? Material 2 _A barns gem?  cm_  Mevglem? Mevem'! gem<t cm _gem
— H 1 1.01 0.063 26.5 374 4.13 0.292 S8.0 819 0.0708%
1/2 x ]/2 v 0. J 3 cos6 m; m, o 1 2.01 0.100 3.4 202 2.07 0.342 116 703 0.165°
+ | p— 1 I 2 ] 2 5/ 2] 2 .
x / m Coefficients He 2 4.00 0.16 42,0 336 1.94 0.242 85.4 683 0.125
o o . F e |5/ 20572 372, ™ M2 Li 3 694 0.23 504 943 1.69 0.902 7 148 0534
172 -172]1/2 /41 = -J gy sinfe N2 1/2] 1372 +3/2) . . Be 4 9.01 0.28 5.0 29.9 1,60 2.96 61.7 3.7 1.848
-1/2 +1/2[1/2 -1/ 241 +2 -1/2]1/5 4/s§ 5/2 3/2Q} ° : t
l—l/z ‘172 1 0 Y +1 +l/2 4/5 _1/5 +1/Z 0]/2 i [+ 6 12.01 0.33 60.4 € 1.78 f 424 £ =1{.55 .
- 5 3 2 1 Nz 7 14,01 0.36 63.6 78.9 1.8% 1.46 37.8 16.7 0.808
I l 2 W ) ~/T" (f cos"8-7 | +; ;};; i;: _:;g _?;i j;i Al 13 2698 0.57 9.2 293 1.62 437 21.0 8.9 2.70
x / 3/ Fe 26 55.85 0.92 104.2 12.8 1.48 1.6 13.9 1.8 7.87
ik ETEmYE | 1 s i u-1/2] 3/5 2/5f 5/2 3/2 Cu 29 654 1.00 1054 118 144 12.9 12.0 134 896
Fii1/2] 1 1/2+1/2 Y, = - g sinBcosBe -1 +1/2| 2/5 -3/54-3/2 -3/2]
T o172] 173 2/ 3/2 172 ' x /2 2 -1 -172] a/5 1/sf 5/2 sn 50 118.69 1.55 129.7 17.8 1.28 9.4 8,89 122 nm
L’ w172l 273 -1 172 )2 T 2 ‘2 1 .2 +1/2] 1/5 -4/5]-5/2] w 4 183.85 2.0z 150.8 .80 17 226 6.89 0.3 19.3
Y, = g 5= sin“0e ie Wi3/2 +1/2] f+1 +1 ¥ -1/2 1 Pb 82 20719 2.20 1562 13.8 .43 12.8 6.52 058 11.35
0-172] 2/3 /o 3/2 2-1/21/4 3/ 1 u 92 238.03 2.42 1836 .63 1.09 ~20.6 643 s032 *18.95
1+1/2] 173 -2/94-3/2 +3/2 ’/2 Y]
1172 31/2f3/4 -1/4f0 0
2 x 1 5/2 i 6 3
+3 -1 -1/2] 1 / x Air 64. 53620 1.8¢ 0.0022 36,8 30290  0,001205
— 32 311 5/ 245570 5/2 |+1/l -1/2h/2 1/; f ll Freon (CF,Br) 87.1  =58.0 152 =23 6.6 =1 s
L i)z +2 372 +1] 1 R3/2 +3/2 -1/2 +1/201/2 -1/4-1 - H, (bubble chamber, 27°K) 26.5 442 1.3 0.248 58,0 970 0.060"
+2 o|1/3 2/3f 3 2 1 ¥372 0] 2/5 3/3] 5/2 -1/2 -1/2|3/4 1/4 2 O $7.2 57.2 2.03 2.03 5.7 35.7 1.00
I /2 1/2 2 - : . :
+1 +1)2/3-1/30 41 41 41 I*l/z 1| 375 -2/51/2 ”;Z +1/2 -3/2 +1/2{1/4 -3/44-2| liford Emulsion 103.0 270 5.49 e 291 L8
- +2 -1[1/15 1/3 3/5 +3/2 -11/10 2/5 1/2 -3/2-1/2] 1 !
I x I +§ +1 o|8/15 1/6 -3/10f 3 > T +1;z o 3;5 1515 .1;3 Sz 32 1/2 l /. / LiF 63.8 24.2 1.69 .46 39.0 14.8 2.64
2 n 0 +1{6/15 -1/2 1/10f 0 0 0 172 +1)3/10 8715 1/ef-1/2 -1/z 1)z Mylar (C(H,0,) 59,1 42.8 1.91 2.64 39.6 28.7 1.38
| K 1M+l +1 e m— 1/5 l/z 3/] l/Z N 3/[0 8/15 l/‘ Nal 119.0 32.4 1.32 .84 9.58 2.6 167
ooz iz 1 o o of3/s o ishae ’ tl/z "o YEMRYIMEVY EyrmET Polyethylene (CH,) 51,0 =855 2.09 144 w4 20.92
0+1{1/2 -1/2§ 0 o 0 a1/ -1/2 310 o1 a1 - 3z +1l1/10 <2/5  1/28-3/2 -3/2 Palystyrene (CH) 549 =523 2.03 434 =13 w108
P C H_,bubble chambe 48.9 119.3 2.28 44.6 109 0.41
+1 -111/6 1/2 1/ o -i6/15 1/2 1/1 7z -1 375 2750 5/2 ropane (C ;H g bubble chamber)
0 of2/3 0 -1/3 2 ) -1 o[8/15-1/6 -3/10f 3 2 -3/2 0| 2/5 -3/5)-5/2 T eve = a(h/m el x 273 < 62.8 mb x A3
1+1(1/6 -1/2 1 2+11/15-1/3 3/s Q-2 -2 natural N 1/3
- : /31 -1 - /15 - 2 - | DRI b Logy - AAANe ) =265 gem ™y A
o-11/2 1/282 -1 -112/3 1/ 3] c Eromw K (;;2:)“’ M. J. Berger, Tables of Energy Losses and Ranges of Heavy Charged Particles.
-m _ m_m* -1 o1f2 -1/42 -2 o{1/3-2/34-3
Y =(-1)7Y d, Mainly from High Energy and Nuclear Physice Data Handbook, W. Galbraith and W, S, C. Williams, Ed.
! ! §-1 -1} 2 -1| 1 {N.LLR.N. S, utherlor tan, cot, Berks. 4
e -2 - k 3 TR NS, RatherTord LAk, Chiliom, Didest, Berka T 1964
mu-28 3¢ e. boiling at { atmosphere £, density variable . at20°C
3 g
h. May vary by about ¢ 3%, depending on operation conditions
. UCRL-2426
= 1.0 STIRLING'S APPROXIMATION 10.0 T pyVol. IV (1966 Ed.
o] an non 1 80 e :
8 0.6 SN ERE VIm (3" <n 1<V Tm (T) 0+ gy )
w G ianlike Distributions 6.0 .,
g g'g > ] R For n > -1 but not necessarily integral: -2 ‘.
. N - 2 a0~ § 54
r 02 ~ g \‘ ﬂ) xln+l=xp[_ lx_z] P S SRR T sol 3 gk
[T NN o Y o %
(] 0.1 fp =N 2] NIN 8 \8\10 [\i5 \0 a Relation between standard deviation ¢ and mean 20 B g?
n . deviation a: O @l 2
w — S X == = 202 = ma%; o = 1.4826 probable error. By By
0.06 = 3 Sia; H 2 E
w o o L Odds against exceeding one standard deviation = 2,15:1; - o
@ 0.04 =\ Ty v two, 21:1; three, 370:1; four, 16,000:1; = E o 84
o 0.03 N \YA JWAY \ five, 1,700,000:1 uz.n 1.0F 5 ~ o2
w N Y \ \ \ © o8 & Z .
o 3 (.02 \ 0\ © . [ wf w3
R MULTIPLE COULOMB SCATTERING ) 2
F \ \ & 0.6 = O g~
o _j The rms projected angle 8 due to multiple Coulomb o - o iz
< 0.01 scattering fonly) of a particle of charge z, > oal ES¥
x @ momentum P, velocity V is I o g 550
[3] jmah u: Yy Y i3 n 853
c 2 0.006 t f S = ma} 1 HHE o =g 15MeV [ L adians: w 03 > 94
S8 0.004 e ims i ia e pros”* PYIen VT S T
N B 0'003 L W WA L W T L L = Length in scatterer € 02 225
*x »é R \\ A Y \‘ \‘ \\ \‘ For L > 1/10 L{rad) ¢ is generally < 1/10. The o Z %>
. 0 002 distribution of 8 is not truly Gauseian. The rms oED
17:) o 5 \ \ I A 1 projected displacement y on traversing an absorber 233
(& of thicknese L is T 288
> = Lo A3 ! E R
0.001 Yrms * Lopr; g 237
| 0 O € -
w For ngy > 30 55k
0.0006 [»] bl 3 ;3 RADIOACTIVITY > 23S
E‘ o © x2 X 0T b Leurie = 3.7x10%0 disintegrations/sec. LI S0
4 0.0004 =CL ”,,/2.” f exp (- =z Ydx ‘\‘ : \‘ x A1 b 1R =87.8 ergs/g air = 5.49x107 MeV/g air E 32
w 0.0003 y \\ \\ i} \‘ t |l Fluxes (per cm?) to liberate | R in carbon: 2
7 o ) x “
. _ 3 %107 minimum ionizing singly charged particles
LZ) 0.0002 with y=/2x2 - Jzn? - A\ 1Y ] 0.9% 109 photons of 1 MeV energy. 2 2
R (These fluxes are actually correct to within a w v
g 0.0001 [ AR A LA w .
i
Z

_61..
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Partial Decay Modes N onets
symbol(gF)  1°FIC,  Mass widtm MZ( , Frac- p or CP=-t CP:+t ¢
- M r xrmi Mod tion Q Pmax - + - + + % o
F—mestab. () Mev) o (Gev)? ode e oeyy R /ey | 100 Y (1) ahH  @h =8
3 T~ T Hog A
n{549) n(e") 07(07)+ 548,6 <0.0t 0,301 1 neutral _ 73 o
s S— 0.4 500005 ata sbiate Y 27 ) See Tables n < 8%
%€ — 1 cués
L =90 369 328 ~ foad
8 - 071y 83.4 119  0.61 oy XY 228 356 . fhE-
w(783) &' (17} - 783, . 614 s .7£0.8 648 380 2 Hlo ..
TS x007, #115  £009  nfneutral < 15 234 199 ® R
5=1.8 mry <5 504 366 s EZgn
e’ 0.012+.003 782 392 g o204
ptp < 0.10 572 377 . 2§ 74
n'(958) n{07) 0*(07)+  958.3 <4 0.918 ngm 75 &+ 3 5=1.8% 134 232 ’ & “E 5R
or X° _ +0,8 <.004 mTrTylincl. p®y) 25 % 3 679 458 n & NFEE
L for upper limits see footnote {f) o £ : og
H | - — — v o9
${1019) (17} 0°{(17)- 1018.6 40 1,039 k'K 48 = 3 31 125 > 538 E
— $0.5 #1.0 004 K1 Ks 40 3 23 107 o = oYRES
s=1.2% nfuw®(inelom 12 = 4 604 461 £ S0
for upper limits see footnote (g) Q %fB .
3 ).
ny (1050}  n(o*) otio*y+ 1050 0 1,10 "o <70 780 507 v I . FRIFY
YKcKe Some data sti]ﬁ‘_r< avor large scattering  +.05 KK > 30 54 167 Ny v 98gmE
5°s fength < 1tgord
£(1250) ' (2t o*2hys 1254 117 157 i, large 975 611 LoaElSgh
+12 +15 %16 2m2m” < 4 696 547 f & PgeEg
KR 2.320.6 258 381 S Lo 5
B Co
D{1285) n(A) p_“u*) + 1285 32 1.65 KEn (mainly my(1003)r)only mode seen 154 304 b ¥ :.DE,
. —~  sa 28 208 K*K+R*K -100 - D ML R L) §
e not seen 256 356 aVigsEE
E(1420)  n(A) ofoyy 1a2s 76 2.03 KR+K K 50 10 38 157 ” BENEET .
7 49 £.41 Ty{1003)n 50 =10 284 338 i E? g 887 05%
—s_KsKs | Trp not seen 395 462 R 5;"335
n2h o2ty e 1514 86 2.29 " <14 1235 744 svigéat
(150 T #1e 223 £13 KE_ _, > 60 518 570 o $380503¢
K'K+K K <40 128 294 ;._a-o:zg
" nn not seen 447 522 %ﬁgggg:
" (140) w(07) 17(07)+ 139,58 0,019 LR T RN
n° (135) ———  134.98 0.018 See Table 5 " &V g%%EHE
Fy - - 0 a2 .
o ¥(760)  p(17) 11y - 778 160 0.605 w =100 480 353 22828 [3so
. — m M 26 rrate? < 0.2 206 243 P b
....................... e wown < 0.6 199 238 3si:§§°~i°
o (160 Y < 0.4 619 367 sRa® &>r;
3 o
P (760) 7o 140 0.593 nnd < 0.8 71 135 P 2S84 LS G
(h) (h)  £.108 . tot1 Evigg 83§
ee .0065 0o 759 380 alL iR
. +.0016 Ee 2 om ="
] p+“ 0033 10007 549 365 E o g E Egh E“
= LB N
5(965) 2 1{ ) 9631 <5 0.927 5% - {charged+neutral(s) = 60 SEENmEn
= +4.2 <.005 5%  »3 charged+neutral{s)= 40 2y S8ETS
- o,
ny(1003) (o) 170%y+ 1003 70 1.006 KK large 1" 75 7R gélz
- = 15 #*,057 nw see note in data listings 315 333 - EFarqogh
—~ KK may also be interpreted as duetolarge scattering length v e ESvavm
A1(1080)  w(1T) 1“(1”)_: 1079 130 1,16 P =100 181 245 » £ =
— 8 40 .14 KR < 0.25, G=(-1)2*! forbids this (Eq. = =
unresolved mixture of resonance and n < 1.5 391 385 At
"Deck effect" n'n < 1.5 <19
B(1210)  p(a) Lt 1208 119 146 wn =100 297 339
? 27 12 £24 . %14 o <30 941 594 §
S=1.6 KK < 2 232 358 00
ar <50 662 528 8o
[ < 1.5 66 137 » g
A2(1300) w2y 172+ 1306 81 1,70 o 91 18 408 417 ek R
£8 . #8 . %A1 KR 3.841.3 . 314 425 e %
5226 5=1.4 e 5 +8 $:2.9 618 527 A, - v
oo < 1.5 208 276 &2 E
ntrrtlexcl. o1} <17 892 616 e 8 ©
n(1640) T {A) 21;(A)+ 1640 100 2,69 3 appears dominant 1235 792 ] é o
- 37 ? 2 £20  £20 .46 o < 40, 746 636 - T
n 2] 251 319 5 8 &
KR <40 644 652 i . b
p(1650)  p(V) 1(vy- L1637 150  2.68 2n observed 1358 807 os ¢
g2 S=1.4'= 223 50  +.24 an g bably ob a 1079 758 £2 ¢ ©
;ﬁgzp‘; bumps suggest more structure inthis peak ‘o mm probably observe 599 605 > & :
RiRaR3 ¥ + 0 ?E i °
5(4930) V) =1t ) 1929 <35 3,72 fcharged A&  6(+15/-6) fg ¢ £
X- 2 (e) ? £14 £.07 3charged 8% 92(+ 8/-20) s 5 =
>3charged [£5  '2(+13/-2) 2% o 3V
—_ 13
T(2200} %A ) 21 2195 <13 4.82 1charged ) 4(+11/-4) SE S 9k .
X £15 <.03 3charged P87  94(+ 6/-19) EL g“:g
>3 charged /£ 8 2(+13/-2) 59 S : ,_‘3
U(2380) A ) 21 2382 <30 5,67 tcharged L% 30 %10 nED o a oo
X +24 <.07 Jcharged }aj“f 45 15 gL o« 2&e]
>3charged [£8 25 #10 Bg3 8 Sw.
= = > & ®
K'(494)  K(0O) 1/207) 493,78 0.244  See Table S K i 2 34T
K° (498) T 4917 0,248 i & Ve
* - - .
K'(890)  K(1) 1/2(17)  892.4 ~ 49.8 . 0,79 K =100 259 288 " TEE v g
e ST $0.8 #1.7 , £.044 Krn < 0.2 119 216 K Eg3 7 2£°
«(725) mg-m =3.5¢1.8 §=1.2% & 5=1,1 afw @ el
KV(1080)§§ L - o & S8
K. (1215)8 [k (A) 1/2(A) 1320 80 1.742 P 288 338 87 5 287
RS B == i w20 w0 kp foverlap  large 63 198 §8 % Iy
m and ['values taken from Shen+. Appre- Ku probably seen,< 10 39 155 Ky o Fd = T8
ciable discrepancies with other exper - « <30 687 £58 Eng PHNETN
iments. See note in data listings. Kn <10 278 405 ggs B § st
Ky(1420) K@Y /20N ta1 9z 1991 Ky 52 % 5 78 610 g8° iy o
£5 47 £.130 K"z 3/ 406 379 407 N> a0Ee B
$=1.8% §=1,7 Kp 9 &5 ) s=2.2%1 158 319 Ky es3eierel
Ko 1.0£1.7 134 293 Sy E 28U EY,
¥n 2.123.0 368 475 Bk g !.’,,ﬁ..; E‘:
K(1800) K{(A) 1/2(A) 1789 80 3.20 Ky <10 1156 819 SEED 5,‘,3 go,
i 10 +20 .14 Kn 35 &12 762 664 v » =B E wREEOT
Ky (1420)7 8 £ 5 243 315 2 2 g 2atEae
—TT 630 "; Kl geg ek u"‘\b‘
K (“75)5 Kp 7 +£ 5 532 3 8 8 .':Io,c,_“a “'UEo
3/2 Remaining Kmn 40 #15 1021 801 g € ZEFBG gAY
K3 (127008 Kw 16+ 3 508 616 bl - : L5sfuBlTY
? v 3 v
— ] [Kz Koo’ . 566.8 928.4 1391, 14443 ’,‘,,g_E.E 2z,
§ The following bumps, excluded above, are listed among the data cards: g *3 £0.2 (i)£3.0 13, 6.9 ; ey B n E":
o (410), € (700), H(975), KgKq(1440) and pp {1410}, Ry, R,, R, (21700}, « (725) 2 2 o Le By
Ky(1080), K (1215), K%, 'A17s), K (1270) CrE ' in2g - -8 0.033 0414 025 029 | B OHEHa
- ¢ \ /2 LA ] 5 sin = +0.001 (1)£0.013 £0.10 +0,06 =5  TE%c
uoted error includes scale factor S = N-1), footnote te Table S, - ——
Footnotes continued in right margin, X%/IN-1). See footnote to Table ) 10.4° 40,10 2979 32.4°
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Beam oK

Partial decay modes

1
Particle or I(JP) {BeV) Mass r MZ*I‘ZM Fraction Q PO Phax . 4mé
resonance P=={ = estab, {BeV/c) {Me V) {MeV) __(BeV4)  Mode (%) {(MeV) (MeV/c) {mb)
=
P 1/2(1/2 r 938,3 0,880 See Table S
n 939.6 0.883 -
N (1400)  1/21/2%) Py T=0.437mp ~1400° ~200 1.96 N ‘10 322 367 36.3
| copm—) _p=0.55% *0,28
N{(1525) 1/2(3/27) D4 15252 105 2.33 Nm 65 447 460 23.2
—_— £0.16 Nmn . 35 308 414
[a(1236)7]° [~ 26]) 149 229
N{1570) 1/2(1/27) 544 T=0.69 1570% ‘130 2.46 Nm ~ 30 492 491 20.3
— p=0.82 40.20 N7n ~ 70 82 242
N(1670) 1/2(5/¢7) D¢ T=0.87 1670" 140 2.79 Nm 40 592 560 15.6
— p=1.00 40.23 Nnw dominant~ 453 526
N* [at236yn]e | 2] 294 357
|/2 AK small 57 290
N7 small 182 368
N(1688) 1/2(5/2%) Fg 1688° 110 2.85 Nm 65 610 572 14.9
N 20,19~ - Nmn dominant® 471 533
[a{t236)8]® [ 2} 312 372
AK small 75 231
N7 small- 200 388
N (1700)° 1/2(4/27) s T=0.92 1700% 240 2.89 N7 100 622 580 14.5
—_— 11 p=1.05 £0.41 .
N{2190) 1/2(1/27) T=1.94 2190 200 4,80 Nm 30 1112 888 6.21
—— p=2.07 0,44 AK ? 577 710
N(2650) 1/2(11/2')" T=3.12 2650 ~300 7.02 N 7 1572 1154 3,67
— - p=3.26 * 10 £0.80 AK ? 1037 1022
N(3030)° 1/?.(15/2')b T=4,26 3030 <400 9.18 Nw 0.7 1972 1377 2,62
3 — _p=4.40 £1.21
A{1236) 3/2(3/2*) Pyy T=0,195 (++) 1236.0 120 1.53 Nv 100 158 231 91.9
—_— p=0,304 £0.6 *2 0,15 Nrta~ 0 18 89
mg -m,, =0.45£0.85 _-m, =79:6.8
A(1670) 3/2(1/27y S3q 16702 ~180 2,79 Nm 40 " 592 560 15.6
—_ £0.30 N ? 453 526
A(1920) 3/2(7/2% 1920 200 3,69 Nw 50 842 722 9.37
%* | — £0,38 ZK seen 229 423
N3/2 Aa(2420) 3/2011/2M)° 2423 ~275 5.87 Nt 10 1345 1024 4.66
— H +10 40,67 ZK ? 732 830
ag2850) - 3/215/24)° 2850 ~390 8.12 NT 3 1772 1266 3,05
[ 212 3 +0.86
a(3230)¢ 3/2119/2*)" 3230 440 10.4 NT 0.6 2152 1475 2.24
- — 1.4
Z* 20(1865)5 o( ?) 1863 150 3.47 NK° 55 432 " 579 14.6
0 - L 20,28 : (if J = 1/2)
A o(1/2% 1115.6 1.24 .See Table §
—
A(HOS)d 0{1/27) p<0 K'p 1405 35 1.97 Zn 100 68 142
| — #0,05
A(1520) 0(3/27) p=0.392 1518.8 16 2,31 NK « | 3925 81 235 83.6
—_ #1,5 *2 £0.02 Tn S=1,7-+)51x6 182 258
. Anm 102 124 251
A1670)  0(1/27) p=0.74 1670 18 2.79 An  K'p~Anseen 6 66
% - — £0.03 NK 233 410 28.5
YO A(1700) 0(3/27) p=0.80 1700 40 2.89 NK 20 263 438 25.0
. H 10 10 %0.07 Zm seen 363 411
A(1820) o(s/2h) p=1.06 1819.5 83 3.31 NK 70 382 541 16.5
— £3.5 + 8 40,45 Zn 1 482 502
: =(1385)n 18 295 362
An ~ 1 155 349
A(2100) 0(7/27) p=1.68 2100 160 4,41 NK 29 663 748 8.68
0.34 Zn seen 763 699
£A(2340) of ? ) p=2.27 2340 105 5,48 NK 10 903 907 5.92
H +20 0,25 seen ing(total) Leif J=9/2
z 11/t (+)1189.5 1,41 See Table §
o—% (0)1192.6 1,42
(-)1197.4 1.43
Z(1385) 1(3/2"} p<0 K'p - (+)1382.220,9 (+)37x3 1.92 Am - 91+3 130 208
« s=1.6* s=2.1%  £0.05 = 9+3 48 117
S=4.8+(-)1388,0+3.0 (-)3848 5=3,7% s=1,4%
Z(1660)>  1(3/27) p=0.72 1660 50 2,76 A(1405)n large 115 197
™ £0.08 Zm 2 323 379
Large contradictions among measured branching ratios. AT ? 405 439
NK small _ 223 400 29.9
* Z(1770) 1(5/27) p=0.95 1768 89 3.13 NK 49 334 498 19.4
Y p— £4 #12 20.16 Am 17 517 520
| 5=1.5% $=2,0" A(1520)n 19 110 192
{1385 12 | 243 318
Zn 2 27 143
- Zn < 4 431 463
2(1910)°  1(5/2h) p=1.25 1910 60 3,65 NK 8. 473 612 12.9
) . £10 £0.11 Am 10 655 619
Zn 3 573 568
¥ g
(2035) 1(7/2 p=1.53 2035 160 4.14 NK 16 598 703 9.83
’——-) £15 £0,33 Am 25 784 703
- P seen 698 655
D260 1 7 ) p=2.06 2260 180 5.11 NK 14 - 823 855 6.66
- [l +20 +0,41 seen ing (total) & ifJ=9/2
= 1/2(1/2% (0)4314.7 1,73 See Table §
| — (-)1321.2 1.75
=(1530) 1/2(3/2%) (0)1528.9¢4.4 7.3 2.34 = 100 69 145
- | (-)1533.841.9  #1.7 0,04
* p-wave
E E(1815) 1/2( 2 ) 1815 16 3.29 AK ~ 65 202 3IH
172 — +3 +8 .  £0,03 = ~ 10 354 409
X . . §=2.2 Enn ~ 25 215 351
| Branching ratios poorly known [Z(1530)m]® [~ 20] 145 229
K < 3
L JEU930 /20 7y 1933 140 3,74 =Zm seen 472 501
— #16 £35 £0.27 AK seen 320 504
03/2h 1674 2.80 See Table §

Q"

d data listings,

(-1.6 +0.6i)F]; i.e.,
reaction of the previous unbracketed decay mode,

-line Regge-trajectory-recurrence hypothesis and supported by fits
/or for its interpretation as-a resonance is open to some

See note following data listings.
elastic threshold. See notes in main text an

RN gystem with negative scattering length [ag

gs.

JP assignment based on straight

to np elastic scattering at 180°,
Evidence for the existence of the effect and,

question,
a pole in the S matrix below the

See note in data listin,
A virtual bound state of the
Square brackets indicate a sub-

a
b.
<

See listings
1(1910), =(1780), £ (3000),

%

N

at left of Table indicates a candidate that has been omitted because the evidence for the existence of

the effect and/or for its interpretation as a resonance is open to considerable question.
5 /2015601, 2

See footnote to Table S.
max 1S the maximum momentum that any of the particles in the

The momenta have been calculated using the averaged central mass values,

without taking into account the widths of the resonances.

»(2270).

{1705}, and
Quoted error includes an S (scale) factor,

for information on the following: N?(3245), N(3695), N
For decay modes into 23 particles p
final state can have.

-
t
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BARYON STATES, UCRL-8030 Rev.

Jan. 1967
Possibly guestionoble states are doshed.
Vertical bars : I'{m2) =2mT = full width.
Horizontal bars subdivided proportionol to branching fractions.

Even parity, p, f,... woves Stotes with JP uncertain are shaded. 0dd pority, s,d,g, .. waves
[5) T T 1 T
L ol Jp:{-;' o 7)) tigevi? QNEE I
5 Roised for plonil\q/./"/.// + -15 5 s
—4 4 Lowered for plotting
wZ(1385)
v E11385) ™ A v A(1520)
B L »———0—4—4—]’ Z(770) -
3 3 x{:ggo;, l{}-—!—o—o—l’ N(1670) 10
A 1670}
NS 70) | N (3030} |yl -
2 - ataos—EEme—y 419
A(2850)
8 - -
= 7T S
3 1 1 0 i 1 7 3
— — oy ~ (O]
= 0 et p s/2* 7 172 Jp 572 =,
T T T
A s_b)J’=§, a(2420) 16 6 4 WP -16 "
° I 5
=
- . Jg &
5 1+ S "°‘:.'°°"'if‘; Ni2190) =N 5
4L I(2035) da 4 | 14
4 (1920}
3 r 43 3 43
g (1530)
2k T (1385) 12 2 Ay 12
4 (1236} Lowered tor piotting
| | o I P L L ' L1
32t 72t lis2* 15/2% 372”7 7/2° 172" 15/2
JP JP
MUB 1533k
“Triplet Series” CP=+| "Singlet Series" CP=-|
s - 5=
3.0} gl 3% 130 °® 430
z| =5 g 1=0, singlet
z e $% ° » N9
g 3 E:\. ;;:" & I=1,triplet
2.5 3 i - 25F # 8 2.5 o 1=1/2,doublet
s @a° + anti-doublet
~ : Mg Mass? colculated
~ 20 & trom 4K = 3Mg + 7
é K, (I v?n Mass2 of unitary
singlet
~  5F
A 7, (1050)
g 4
1.0 \
7, 11003) A
0.5+
[
0.0
JP ot - 2
c + - + - - 4+ - +
3 3. 3, 3, 3 [ 1 1 -
Py S‘ P P2 D, S, P, 0, qq state
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C. M. Energy and vs Beam M ofe, m K, or ponp

pdp = deE =M Vieam, lab dp = mpdp
Special Relativity PLLAB) —— INVARIANT MASS—— =————PICMS)——=~ PLLAB) —~~ INVARIANT MASS=— —-o———P{CMS)~-——= PLAB)  INVARTANT MASS ———-P{CMS)~—-
{MEV/C) (MEV) (HEV/C) IMEV/C) (MEV) (MEV/C) 1GEV/C) v (GEV/CY
Notation. 4-vector in c.m. p = {w,p); inlab P= (W,B), T= W-m. ep nmp  Kp ep mp Kp pp e B K e . K p P
Solid-angle element dws 2nd cos 0;  dft = 27d cos ©. e ot feomee e Ko . cp KPP gp Keoowp
22 w2 ) . . . e 0 939 1078 1432 1877 o 6 o o 1400 1873 1881 1977 2219 701 698 664 592 3.0 2.56 2.61 2.77 1.10 1,08 1.02
cw’-p%:m variant. cti 3 . . - . . . .
b4 P is an invariant. Cross sectiong is invariant 20 958 1079 1432 1877 20 17 13 10 1420 1883 1891 1986 2226 708 704 671 599 3.2 2,63 2,68 2,83 1.14 1.12 1.06
Lorsntz Transformation 40 977 1083 1433 1877 38 35 26 20 1440 1893 1901 1995 2233 714 711 677 505 3.4 2,70 2,75 2.89 1.18 1.16 1,10
- 7 R w 9 a . 60 996 1089 1434 1877 56 S2 39 30 1460 1903 1911 2004 2240 T20 T1T7 636 612 3.6 2,77 2,82 2.56 1.22 1.20 1,14
P, /-Yr ? g 8 /p lrfespec:‘dlo 3.:;::::;::;2?0:{:;5 x B0 1015 1096 1436 1878 T4 68 52 40 1480 1912 1921 2013 2247 M6 723 690 618 3.8 2.83 2,88 3.02 1.26 1.24 1,18
x| [ 4 TIPI) o PLAB - 59 MEV T(PI} = PLAB - 133 MEV TP} = PLAB - .137 GEV
L ey L0 ot o iR N Psin® 100 1033 1105 1439 1875 91 85 65 50 1500 1922 1930 2022 2256 132 129 696 624 4.0 2.90 2,95 3.08 1.29 1.27 1.22
\p \ o o0 1) \p g ctamfs —= . (1) 120 1051 1116 1461 1880 107 101 78 60 1520 1932 1940 2031 2261 738 735 702 631 4.2 2.96 3,01 3.14 1.33 1,31 1,26
z 2 x -qW+ Y Pcos® 140 1069 1127 1445 1882 123 117 91 70 1540 1942 1950 2C39 2268 764 T4l 709 637 404 3.03 3,07 3.19 1.36 1.34 1,29
; ; B & 160 1087 1139 1449 1883 138 132 104 80 1560 1951 1955 204R 2275 750 747 715 643 4.6 3.09 3.13 3.25 1.40 1.38 1,33
U particle 1 is beam, 2 is target, (W,, 32)_, (m;.0) and .o 180 1104 1152 1453 1885 153 147 116 90 1580 1961 1969 2057 2282 7156 753 721 650 4.8 3,15 3.19 3,31 1.43 1.41 1.36
Ye(w, +my/Ns, m=¥B=|F| /v, |p1|=lpz|=r\mz=|i5l|mz/~s. 2) TIPI) = PLAB - 92 MEV ' TIPL) = PLAB - .133 NEV TIPI) = PLAB ~ .138 GEV
For m, =m,, Yo=1+T,/2m 200 1121 1165 1457 1887 167 161 129 99 1600 1970 1978 2065 2289 762 7159 727 656 5.0 3.21 3.25 3.36 1.46 1.6 1.40
17 ™2 1/ emy. 220 1137 1178 1462 1889 182 175 141 109 1620 1980 1988 2074 2296 768 765 733 662 502 3027 3,31 3,42 1.49 1.48 1.43
Invagiants. Notation: 1 +2 =1 +2'. 240 1154 1192 1468 1892 195 189 153 119 1640 1989 1997 2083 2306 773 T70 739 668 5.4 3,32 3,36 3.47 1.53 1.51 l.46
sz (p, + p)e=md s md + 2w,w, - Bl B 3 260 1170 1206 1474 1854 209 202 166 129 1660 1999 2006 2091 2311 779 T76 745 674 5.6 3038 3,42 3,52 1.56 1,54 1.49
1% P2 1 2 V2 TPyt Py 280 1186 1219 148C 1897 222 215 178 138 1680 2008 2016 2100 2318 785 782 751 680 5.8 3.43 3.47 3.58 1.59 1.57 1.52
t=p-p)? = md emibe 2wt -B - B G=1,2) (ay TIPT) = PLAB - 107 MEV TLPI) = PLAB - 134 MEV TIP1) = PLAB - 138 GEV
1Tk i i Vi TR TPy . - 300 1201 1233 1486 1900 234 228 189 148 1700 2018 2025 2109 2325 791 788 756 686 6.0 3.49 3,52 3.63 1.6 1,60 1,55
u=pt - p% = (oY - py)? (s) 320 1217 1247 1453 1903 247 241 201 158 1720 2027 2034 2117 2332 796 793 762 692 6.2 3.54 3.58 3.68 1.64 1.63 1,58
17 P2 2" P 2 2 2 2 340 1232 1261 1500 1906 259 253 213 167 1740 2036 2043 2126 2339 802 799 768 698 6.4 3.59 3.63 3,73 1.67 1.65 1,61
General relation: s +t+u=m" + m\" + m, + m}" ., (6) 360 1247 1274 1507 1910 271 265 224 177 1760 2045 2053 2134 2346 B80T 805 774 704 6.6  3.65 3,68 3,78 1.70 1.68 1.66
- & iting. W = 380 1262 12898 1514 1913 282 277 235 186 1780 2054 2062 2143 2353 813 810 719 T10 6.8 3.70 3,73 3.83 1.73 1,71 1.67
In lab synernz Pz- (mz,O), andwrxtmg W=m+T TIPT) = PLAB ~ 115 MEV TIPI) = PLAB - 134 MEV TIPT) = PLAB - 138 GEV
cm? - 2 400 1277 1302 1522 1917 294 288 247 196 1800 2064 2071 2151 236C 6818 B8l6 785 716 7.0 3.75 3,78 3.87 1,75 1.74 1.70
sEmytmy 2Wm, S my tmy)T + 2Tym, (3 lab) 420 1292 1315 1530 1921 305 300 258 205 1820 2073 2080 2159 2367 &4 621 91 721 7.2 3.80 3,83 3,92 1,78 1.76 1,72
t=ml+emi? - 2Wom, =(m, - mt)i- 2Thm (4, 1ab) 440 1306 1329 1538 1925 316 311 268 214 1840 2082 2085 2168 237 829 827 196 727 7.4 3485 3,88 3.97 1.8l 1,79 1.75
2 2 2™z 2 2 2™ : 460 1320 1342 1566 1925 327 322 279 224 1860 2091 2098 2176 2381 835 832 802 733 7.6 3.89 3.93 4,02 1.83 1,82 1.78
I c.m. system  dt =+ 2|5] |F] d cos v (4, em) 480 1335 1356 1554 1933 337 332 290 233 1880 2100 2107 2184 2388 840 837 808 139 7.8 3.94 3.57 4.06° 1,86 1,86 1.80
X it IR TIPT) = PLAB - 120 MEV TIPL) = PLAB — 134 MEV . TIPI) = PLAB - .138 GEV
For elastic scattering {m, = m!, m, =m}), {4} inc.m. simplifies to 500 1349 1369 1563 1938 348 343 300 242 1900 2108 2115 2193 2395 85 B43 813 Téé B.0 3,99 4,C2 4,11 1.88 1,87 1,83
" 2 2 520 1362 1382 1572 1943 358 353 310 251 1920 2117 2124 2201 2402 851 848 818 750 8.2 4,04 4,07 4415 1,91 1,89 1,85
e i 25 [t 5cos) = - 4;,'2 sin"8/2 {4, el 540 1376 1395 1580 1947 368 363 321 260 1940 2126 2133 2209 2409 856 853 824 756 8.4 4,08 4,11 4,20 1.93 1.92 1,88
N cos6/2 5§60 1390 1408 1589 1952 378 373 331 269 1960 2135 2142 2217 2416 81 859 829 781 8.6 4.13 4,16 4.24 1,95 1,94 1.90
580 1403 1421 1598 1957 388 383 341 278 1980 2144 2150 2226 2423 867 864 835 T67 8.8  4.17 4,20 4.29 1.98 1.96 1.93
For elastic scattering, using (4,lab), (4,el), and (2), T(P1) = PLAB - 123 MEV TIPI} = PLAB ~ 135 MEV TIPI} = PLAB - .138 GEV
2312"‘2 2 /o 600 1416 1434 1607 1962 397 393 350 287 2000 2153 2155 2234 2430 672 869 840 772 9.0 4022 4,25 433 2.00 1.99 1.95
[l S S i . i 620 1430 1446 1616 1967 407 402 360 296 2020 2161 2168 2242 2437 877. BT4 845 778 9.2 4.26 4,29 4,37 2.03 2,01 1.97
T2 s o <Z> useful for cateulaung 8-ray encrgies). m 640 1643 1459 1625 1973 416 412 370 304 2040 2170 2176 2250 2444 832 679 851 783 9.4 6431 6,33 4,41 2,05 2,03 2.00
-Body § . ies & in c.m. 660 1456 1472 1634 1978 425 421 379 313 2060 2179 2185 2258 2451 887 885 856 789 946 435 4,38 4,46 2407 2,06 2,02
Two-Body States. Energies and momenta in c.m 680 1468 1484 1644 1984 434 430 388 322 2080 2187 2194 2266 2458 892 BYO 861 194 9.8 4.39 4,42 4,50 2.09 2,08 2,04
s+ml-m2 TIPI} = PLAB - 125 MEV T(PI) = PLAB - 135 MEV T(P1) = PLAB - .139 GEV,
w, = 1 F2op2e L ao(my + my)Y) Ls-(m, - my?] (8) 700 1481 1496 1653 1989 443 439 397 330 2100 2196 2202 2274 2465 897 895 866 T99 10,0 4043 4,46 4.54 2,12 2.10 2,07
1 287 R SRS O 1772 LR 720 1494 1509 1662 1995 452 449 406 339 2120 2204 2211 2282 2472 902 900 872 805 10,5  4.54 4,57 4,64 2,17 2,16 2.12
2 2 740 1506 1521 1671 2001 461 457 415 347 2140 2213 2219 2290 2479 907 905 BYT 810 11,0 4066 4,67 4.76  2.22 2.21 2.18
3- and 4-Body States. Let mj; = (p, + p)° , etc., then 760 1519 1533 1681 2007 470 465 424 355 2160 2221 2227 2298 2486 912 910 882 Bl 11,5 474 4,77 4,84 2428 2.26 2.23
2 2 . ) 780 1531 1545 1690 2013 478 474 433 364 2180 2230 2236 2306 2493 917 915 887 821 12.0  4.84 4,86 4.93 2.33 2.31 2,28
Z m{= Zm] +mf,; = censt. (i;j=1,2,3) (follows from (6) ). 9 TIPI} = PLAB - 127 MEV TIPL) = PLAB — 135 MEV T(P1) = PLAB - ;139 GEV
i<y M 2 2 800 1543 1557 1699 2019 486 &B2 442 372 2200 2238 2264 2314 2500 S22 920 892 826 1245  4.94 4,96 5.03 2,38 2.36 2.33
=2Zm| +m, .= const.| - 820 1555 1565 1709 2025 495 490 450 380 2220 2246 2253 2322 2507 N7 925 897 831 13,0 5.03 5,05 Se12 2.53 2.41 2.38
2 2 2 i k=1,2,3,4) {10 840 1567 1580 1718 2031 503 499 459 368 2240 2255 2261 2330 2514. 932 930 902 8368 13,5 5,12 5,15 5,21 247 2,46 2.43
I mis Tm{ +2m,,F const. 860 1579 1592 1728.2037 511 507 467 396 2260 2263 2269 2338 2520 93T 934 907 B84l 14,0  5.21 5.24 5.30 2.52 2.51 2.48
i 880 1591 1604 1737 2043 519 515 475 404 2200 2271 2277 2346 2527 9%2 939 912 846 14,5 5.30 5,32 5,39 2,57 2,56 2.53
R, Invariant Volume in n-Body Momentum Space TIP1) = PLAB - 129 MEV T(PI) = PLAB - 135 MEV TIPI) = PLAB - .139 GEV
—a- 900 1603 1615 1747 2045 527 523 483 412 2300 - 2280 2286 2353 2534 %T 944 917 852 15,0 5.39 5.41 5.47 2.6l 2.60 2.57
. R S TP . 920 1615 1627 1756 2056 535 531 492 420 | 2320 2288 2294 2361 2541 951 949 922 857 15.5 5048 5,50 5.56 2466 2.65 2462
i iant i . .4k o _ L 940 1626 1638 1765 2062 542 538 500 428 2340 2296 2302 2369 2548 956 954 927 862 16,0 5,56 5.58 5.64 - 2,70 2,69 2.66
A useful invariant "Jd: e’ - m "Zzw v 7 [Flewda. 960 1638 1649 1775 2069 550 546 508 435 2360 2304 2310 2377 2555 961 959 932 867 16.5 5.66 5,67 5,72 2.7% 2.73 2,70
w3 /NG - - 2 (usi i 980 1649 1661 1784 2075 558 554 515 443 2380 2312 2318 2384 2561 966 963 937 872 17.0  5.73 S.75 S.81 2,78 2.77 2.75
Ry ==[By|/Ns, Ry=1° fawdw, = (v /4s) [ am,; dm,y (using c.m. quantities) TIP1) = PLAB - 130 MEV TLPI) = PLAB - 135 MEV TPI) = PLAB - .139 GEV
Recurrence Relation for Factoring R_ (see e.g., Hagedorn, p.93%) 1000 1660 1672 1794 2082 565 581 523 451 2600 2320 2326 2392 2568 9I0 968 9&1 ATT 17.5 5.81 5.83 5,89 2.83 2.82 2,79
. n 1020 1672 1683 1803 2088 573 569 531 458 2420 2328 2334 2400 2575 915 973 946 882 18.0  5.89 5.91 5.97 2.87 2.86 2,83
1040 1683 1694 1812 2095 580 576 538 466 2440 2336 2342 2407 2582 980 977 951 887 18.5  5.97 5.99 6.04 2.91 2,90 2.87
Write  N=1,2, .0k, k+1, -een (R} then 1060 1694 1705 1822 2102 587 583 546 473 2460 2344 2350 2415 2589 984 982 956 892 19.0 6405 6,07 6,12 2495 2.94 2.91
as N - K, k+1, - n (R )Y R fszR R 1080 1705 1716 1831 2108 594 S91 553 461 2480 2352 2358 2423 2595 989 987 960 B9T 19,5  6.12 6.14 6,20 2.99 2,98 2.95
g . -kt1 K K n-ktl - - = - TIPI) = PLAB - .139 GEV
L n n TIPI) = PLAB - 131 MEV TIPI) = PLAB - 136 MEV
1,2, «+o k {RY) 1100 1716 1726 1840 2115 601 598 561 488 2500 2360 2366 2430 2602 994 991 965 901 20,0 6,20 6.22 6,27 3403 3.02 2.99
Cross Section (or Decay Rate) 1120 1727 1737 1650 2122 609 605 568 495 2520 2368 2374 2438 2609 998 996 9T0 906 21,0 6.35 6,37 6.42 3.10 3.09 3.07
A 1140 1738 1748 1859 2129 6l6 612 575 502 2540 2376 23B2 2445 2616 1003 1001 975 911 22.0  6.49 6,51 6,56 3.18 3.17 3,14
For 1 + 2 = n particles ({or 1 = n particles) 1160 1748 1758 1868 2135 622 619 583 510 2560 2384 2390 2453 2622 1007 1005 9719 916 23.0 664 6,66 6,70 3,25 3.24 3.22
oF = |M|°R or Tw, = |[M|2R ) 1180 1759 1769 1877 2162 629 626 590 S17 2580 2392 2398 2460 2629 1012 1010 984 921 24,0 6,78 6.79 6. 84 3.32 3.31 3.29
. B b » TPI1 = PLAB ~ 131 MEV TIPT} = PLAB. - 136 MEV TIPT) = PLAB - .139 GEV
where M is an invariant matrix element. 2 1200 1770 1780 1887 2149 636 633 597 S24 2600 2400 2405 2468 26361017 1014 938 926 25.0 6.91 6.93 6,98 3.39 3,38 3.36
F is (Mfller's) invariant flux factor, F° = tpypy)” - mfm;. 1220 1780 1790 1896 2156 643 639 604 531 2620 2408 2413 2475 2643 1021 1019 993 930 26.0  7.05 7.07-7.11 3.46 3.45 3.43
- ~ X - - - 1240 1791 1800 1905 2163 650 646 611 538 2640 2415 2621 2483 2649 1025 1023 998 935 27.0 7418 7.20 7.26 3.53 3.52 3.50
In every system where By and B, are collinear, F=w,w,[V) -V,| = 5/w. 1260 1801 1811 1914 217C 656 653 618 545 2660 2623 2429 2490 2€56 1030 1028 1002 940 28.0  7.31 7.33 7.37 3.59 3.59 3.56
If particle 1 is beam, 2 is target (F, = 0), F= B |m, = |5,|~s let. @)} . 1280 1812 1821 1923 2177 663 660 624 552 2680 2431 2436 2498 2663 1034 1032 1007 944 29,0  T.44 7.45 7.50 3.66 3.65 3.63
4 3 TIPI) = PLAB — 132 EV TIPT) = PLAB - 136 MEV TIPI) = PLAB - .139 GEV
The rate (= number per unit 4-dimensional volume d'r = dtd'r}is 1300 1822 1831 1932 2184 669 666 631 559 2700 2439 2444 2505 2669 1039 1037 1011 949 30.0 756 7,58 7,62 3.72 3,71 3.69
4/adr = T .7 - ; ; ‘= 1320 1832 1841 1941 2191 676 673 638 565 2720 2446 2452 2512 2676 1043 1041 1016 954 35.0  B.16 Bu17 8.21 4.02 4,02 4.00
4N/ = 0 040, [V - V,li oy = volume density of particles (i = 1, 2). 1340 1843 1851 1950 2198 682 679 645 572 2740 2454 2459 2520 2682 1048 1045 1020 . 958 40.0  8.72 8,73 8.77 «.31 4,30 4.28
ierie Ki A 1360 1853 1862 1959 2205 689 685 651 579 2760 2462 2467 2527 2689 1052 1050 1025 963 45.0  9.24 9,25 9.29 4.57 4.56 4.55
a. R. Hagedorn, Relativistic Kinematics, (W. A. Benjamin, New York, 1964). 1380 1863 1872 1968 2212 695 692 658 585 2780 2469 2474 2536 2696 1056 1054 1029 988 50,0 9.73 9,74 9.78 4.82 4.81 4.80
T{PI) = PLAB - 133 NEV TIPLY = PLAB - 136 MEV Y(P1) = PLAB - .139 GEV
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THEORETICAL PHYSICS RESEARCH

Geoffrey F. Chew in charge

I. SUBNUCLEAR PHYSICS

Work with P. V, Landshoff on parasta-
tistics and identical particles has been com-
pleted. 1 In the first part of the work an equiv-
alence was shown between various theories in-
volving paraparticles and theories involving
only ordinary particles;the parastatistics com-
mutation relations were shown to be merely
a complicated way of introducing particles
that are statistically distinct but dynamically
indistinguishable. In the second part of the
work a unified theory of identical particles
was developed. Heretofore, theories of iden-
tical particles have been couched either in the
language of second quantized field theory,

" which leads to parastatistics, or in the lan-
guage of ordinary quantum mechanics, which
leads to permutation symmetries. These al-
ternatives are incompatible except for fermi-"
ons and bosons, Our unified S-matrix theory
of identical particles encompasses both ap-
proaches. Its central feature is the identifi-
cation of particle permutations as the funda-
mental observable in systems consisting of
identical particles. (Henry P. Stapp)

Discontinuity equations have been de-
rived for all singularities of multiparticle
scattering functions that enter the portion of
the physical region lying below the four-par-
tical threshold. 2 These equations, which are
precise statements of the Cutkosky rules, are
calculated directly from the unitarity equa-
tions. The only analyticity properties used
are those obtained from the S-matrix macro-
scopic causality condition. (Joseph Coster
and Henry P. Stapp)

A previous s'cudy3 of the structure of
the left-hand discontinuity of the full partial-
wave amplitude has been extended. Analyticity
and unitarity were exploited in a dispersion-
relation approach, and the results applied to
some low partial-wave p-p scattering ampli-
tudes. (Judith Binstock)

Work to convert the Bergman-Weil for-
mula to a form that will provide a Mandelstam-

1. P, V. Landshoff and H. P. Stapp, Identi-
cal Particles and Parastatistics, §8RL-17310,
January 4, 1967; Ann. Phys., to be published.
2, Joseph Coster and Henry P. Stapp, Physi-
cal-Region Discontinuity Equations for Many-
Particle Scattering Amplitudes. I, UCRL-
17484, April 13, 1967; submitted to J. Math.
Phys.

3. J. Binstock, Ann, Phys. (N.Y.)35, 435 (1966).

type integral representation for arbitrary n-
particle scattering functions is in progress.
One problem is the complicated topology of
the mass shell. In particular, for n =6, the
mass shell is an analytic variety that has non-
Euclidean singular points. This problem has
been solved and general formulas obtained for
the idealized case with only normal threshold
cuts. Formulas for the general case are
being sought, (Jared Wright, National Science
Foundation Predoctoral Fellow, and Henry P.
Stapp)

A dispersion relation representation of
the full off-energy-shell partial-wave ampli-

‘tude has been developed. This representation

expresses the full-off-shell amplitude in terms
of the half-off-shell amplitudes and serves as
a convenient basis for approximations.,
(Thomas R. Mongan)

It has been shown that the assumptions
of maximal analyticity of first-degree and
fixed-t power behavior in general imply a
lower bound for the scattering amplitude at a
fixed angle. The fixed angle lower bound
takes for form exp| -C(zs)sylns], where zg
is the cosine of the s-channel scattering
angle, and C(zg) and vy are positive. The
precise value of y depends on the specific
assumptions made about the fixed-t bound of
the scattering amplitude., In particular, the
assumptions made by Cerulus and Martin cor-
respond to y = 1/2, and for the case of a lin-
early rising trajectory, y = 1. Furthermore,
we obtain a finite lower bound at zg4 = 0,
which heretofore was given to be zero,

(C. B. Chiu and C. I. Tan)

Work is currently under way on a study
of form factors and scattering amplitudes
which saturate the Martin-Jaffe bound. Form
factors of the form exp[ - |t} 2] are used as
inputs in dynamical bound-state calculations,
and self-consistency conditions relating the
resulting mass spectrum and the form factor
are examined. The compatibility of such
form factors to scattering amplitudes with
ever-rising Regge trajectories is also under
investigation. (John Harte, AEC Fellow)

It has been proved4 that in the usual

4. Huan Lee, Nonexistence of Self-Conjugate
Particles with Half-Integral Isospin, UCRL-
17543 April 17, 1967; submitted to Phys. Rev.
Letters. '
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local field theory of particles one cannot, for
any value of ordinary spin, construct fields
corresponding to particles of a self-conjugate
multiplet of half-integral isospin (SMHI). An
analogous result is obtained within the analytic
. S-matrix framework, in which the requirement
of isospin invariance and crossing symmetry
precludes the existence of SMHI particles of
any spin. Interesting physical implications
and generalizations of this result to higher
internal symmetry have been discussed.

(Huan Lee)

The set of variables introduced by
Toller® for the high-energy description of
scattering amplitudes has been generalized
to the case of asymptotic behavior in several
variables, for an arbitrary production proc-
ess, A precise formulation of the multiple
Regge-pole hypothesis has been developed.y
(N. F. Bali, G. F. Chew, and A. Pignotti™)

The asymptotic behavior of scattering
amplitudes on unphysical sheets is being
studied. Special attention has been paid to
the effect of unitarity as a simultaneous con-
dition in -both the s and t channels. Itis
found that the amplitude on the first unphysi-
cal sheet contains terms corresponding to the
usual Amati-Fubini-Stanghellini (AFS) cut. 6
It is also found that a new type of AFS cut
exists if a Regge trajectory does not go to
-0 fast enough when the energy of the Regge
pole goes to - o, This new cut, if it exists,
will be the leading singularity in the angular-~
momentum plane when the momentum transfer

is sufficiently large. Work is still in progress.

(Chung-I Tan)

A novel technique has been used to con-
struct the scattering Green's function for the
case of a central potential that satisfies rather
conventional conditions. The method leads
quite naturally to a representation of the
Green's function in terms of Regge wave func-
tions and a ""background'' term. When the
Green's function is used to construct the scat-
tering wave function and amplitude, this .
method yields the original Regge result. The
extension given by Mandelstam in which the
background integral is pushed into the negative
2 plane by any finite amount has also been
obtained. This work is described in

5. M. Toller, Nuovo Cimento 37, 631 (1965).
* On leave from Consejo Nacional de Investi-
gaciones Cientifi¢as y Técnicas of Argentina.
6. D, Amati, S, Fubini, and A, Stanghellini,
Phys. Letters 1, 29 (1962); Nuovo Cimento
26, 896 (1962).

UCRL-17344. 7 (Joseph V. Lepore and
R. J. Riddell, Jr.)

Earlier derivations of the analyticity
properties of helicity amplitudes have been
based upon the ingenious but complicated
method of requiring consistency with certain
crossing relations. Now a direct derivation
from basic analyticity properties has been ob-
tained, {Henry P. Stapp) ‘

In a recent investigation, 9 new proper-
ties and sum rules have been found for SU(2)
crossing-matrix elements, and a simple
method of calculating the crossing matrices
of rank <4 presented. Isospin crossing rela-
tions were discussed and errors in two pre-
vious treatments pointed out. Physical impli-
cations of certain inequalities among elastic
crossing matrix elements were also discussed.
(Huan Lee)

Work is continuing on the review article
dealing with Regge scattering analyses and the
analytic structure of crossing relations de-
scribed in the last progress report, The
scope of the paper is being broadened by in-
clusion of these properties for cases in which
particles of arbitrary mass and spin are in-
volved. (Joseph V. Lepore and R. J.

Riddell, Jr.)

Work is in progress on the physical in-
terpretation of unitary irreducible representa-
tions of covering groups of the Lorentz group.
These representations have been employed re-
cently in the harmonic analysis of scattering
amplitudes in terms of momentum-transfer
parameters and provide a new approach to un-
derstanding the content of Regge-pole theory.
{Graham Tindle, NATO Fellow)

It has been shown1o that, with some
simple assumptions about the behavior of the
discontinuity of the cut in the angular-mo-
mentum plane (associated with the simultaneous
exchange of the p and the P trajectories),

7. J. V. Lepore and R. J. Riddell, Jr., The
Scattering Green's Function and Regge Poles,
UCRL-17344, January 4, 1967; submitted to
Nuovo Cimento.

8, H. P. Stapp, Analyticity Properties of
Helicity Amplitudes, UCRL-17429; submitted
to the Phys. Rev.

9. Huan Lee, On the Isospin Crossing Matrix,
UCRL-17485, March 30, 1967; submitted to
J. Math. Phys.

10, C, B. Chiu and J. Finkelstein,
Suggestive Features in 7N Charge-
Exchange Polarization Associated with

Regge Cuts, Nuovo Cimento (to be pub-
lished).



the high energy T™N charge-exchange polari-
zation should have the following features: It
has a zero whose position depends on the
energy near ths forward direction {say with
|t|<1 (GeV/c)“]. Inthe t region between

t = 0 and the position of this zero polarization,
the polarization decreases with energy; be-
yong this region, the polarization increases
with energy. Consistent with all the other
available 7N data, the present charge-ex-
change polarization and differential-cross-
section data can be fitted by a small p-P cut
contribution in addition to the p contribution,
with the p trajectory choosing either sense
or nonsense states at o, = 0. If the p tra-

" jectory chooses the nonsense state, the cross-
over effect observed in the high-energy wip
differential cross section can be explained
naturally without introducing a zero in the
helicity-nonflip amplitude of the p, as is
necessary in the present pure Regge-pole
model, (C. B. Chiu and J. Finkelstein)

An argument has been developed, on the
basis of a simple bootstrap model with indef-
initely rising Regge trajectories, that asymp-
totically all trajectories should rise linearly
with energy and should have the same slope.
(Shu-Yuan Chu and Chung-I Tan)

The effects of resonance width on pro-
duction angular distributions have been con-
sidered. The forward minimum due to the
mass-dependent physical boundary has been
calculated and found to be negligible in all
cases except double-resonance production at
low energies. The effect of variation of
residue functions with mass in the Regge-pole
model has also been examined. It was found
that exponential momentum-transfer depend-
ence modified by a mass-dependent slope may
produce radical departures from pure expo-
nential behavior in the cross section. Vari-
ous dynamical assumptions that restrict the
mass dependence of residue functions are
being studied. (Robert L. Thews)

An assumption made in previous proofs

of the existence of daughter families as a
consequence of Lorentz invariance has been
shown to be unnecessary. Previously it
was known that a single Lorentz pole corre-
sponded to a family of Regge poles, and it
was assumed that the Lorentz poles did not
themselves occur in families, since it was
feared that this '"counter conspiracy'' might

14, Shu-Yuan Chu and Chung-I Tan, The High
Energy Behavior of Regge Trajectories in a
Bootstrap Model, UCRL-17541, April 19,
1967; submitted to Phys. Rev. Letters.

12, J. Finkelstein and J. M. Wang, A Proof
of the Lorentz Pole Hypothesis, UCRL-17500,
April 1967, submitted to Phys. Rev. Letters.
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correspond to a single Regge. pole. It has now
been shown that infinite Regge families must

exist, whether or not the Lorentz poles occur
in families. (J. Finkelstein and J, M. Wang)

By an explicit mapping procedure, a
meaning has been given to approximate zero-
momentum-transfer symmetry for analytic
S-matrix elements containing a sufficiently
large number of particles. 13 The difficulty in -
formulating the symmetry for.two-particle-to-
two particle reactions has been elucidated.
(Naren F., Bali, Geoffrey F. Chew, and
Alberto Pignotti, with James S. Ball from
UCLA)

A sum rule of the "superconvergence'
type relating the t-channel meson spectrum to
the s -channel baryon spectrum was derived
for TN scattering. The sum rule is satisfied
quite well numerically. (Douglas S. Beder
and Jerome Finkelstein)

The response of the decuplet masses to
octet perturbations of the meson and baryon
masses and couplings has been studied in an
N/D model of baryon-meson scattering,
and it was found that the equal- mass spacing
of the decuplet is satisfied in the model, even
for large values of the symmetry breaking.
The numerical inaccuracy of several forms of
perturbation theory indicates that the physical
baryon masses represent a large symmetry
breaking in the calculation of the decuplet; for
physical baryon and meson masses and SU(3)
symmetric couplings, the first-order mass
shift is about one-half the value given by the
exact solution of the model. This suggests
that the octet output of the masses is specially
enhanced in the exact solution of the model,
just as in the first-order Dashen-Frautschi
theory.15 The rate at which the first-order
formulas become accurate as the degenerate
mass of the external particles is increased
was examined, The octet sum rules of S-
matrix elements break down quickly as the
octet perturbations are increased.

(Richard Slansky)

In collaboration with Mr. R. Chu of
Tufts University, a study of the effect of intra-
multiplet mass differences on symmetry re-
lations among scattering amplitudes as pre-
dicted by SU(3) has been completed, This

13. Naren F, Bali, James S. Ball, Geoffrey
F. Chew, and Alberto Pignotti, Analytic S-
Matrix Approach to Zero-Momentum-Transfer
Symmetry, UCRL-17491, March 6, 1967,
submitted to Phys. Rev.

14, Richard C. Slansky, Onpthe %qual Mass
Spacing of the Decuplet of J*~ = Baryons
(Ph. D. thesis), UCRL-17450, March 15, 1967.
15, R. F. Dashen and S. C. Frautschi,
Phys. Rev. 137, B1331 (1965).
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extends an earlier potential'model calculation16
to amore realistic casein whichthe matrix
ND-% representation and determinantal’ap-
proximation are used, following the work of
Wali and Warnock, 17 to calculate the single-~
baryon exchange contribution to the P3/;
partial wave in meson-baryon scattering.

We find violations of the two SU(3) relations
studied, in agreement with the earlier work.
These violations are very severe near thresh-
old and remain appreciable to quite high
energy, regardless of how one compares data
from different reactions. In addition, we note
that with the usual D/F ratio, the admittedly
crude model predicts a P3/, contribution
near threshold to the cross’ sections for

mtp+ K=t and K p- Z°K® which is an
order of magnitude larger than the experi-
mental total cross sections, (Allen E,
Everett, Tufts University, Medford, Mass.)

A study has been made of the magnitude
of the corrections to the ND™ ™ method, in
which one keeps only the first Born-approxi-
mation contribution to the left-hand cut which

arises from successive Mandelstam iterations.

We proceed by constructing a fictitious po-
tential, V¢(E,r), such that the approximate
partial-wave solutions to the scattering from’
the actual potential V(E, r) have the same
left-hand cut as the exact scattering solutions
_ from the potential V(E,r) + V¢(E,r), We then
compare the lowest-order contribution to
Vf, Vg2 (the part needed to cancel the second
Born contribution of V) to V itself. As ex-
pected, the effect of Vg will be negligible
compared to that of V for sufficiently low
energies, high angular momenta, or weak po-
tentials, We examine two practical cases,
J ='4 77 scattering at the energy of the p
with V approximated by p exchange, and
P3/2 TN scattering at the energy of the 33
resonance, with V approximated by N ex-
change. In both cases, we find the effect of
V¢2 is 30 to 40% of that of V, so that the
usual ND™" procedure might be expected to
be qualijtatively, but not quantitatively, cor-
rect, (Allen E. Everett, Tufts University,
Medford, Mass.)-

A model of the nucleon based on the
Bethe-Salpeter equation has been used to in-
vestigate the response of the binding energy
to small perturbations. Comparisons with
the predictions of an N/D model were drawn,
and it is shown that the effect of perturbations
of the strong-interaction coupling constant
may be better described by using off-shell
dynamics. In this Bethe-Salpeter model

16. A. E. Everett, Phys. Rev. 139, B1375
(1965). “‘

17. K. C. Wali and R. L. Warnock, Phys.
Rev. 135, B1358 (1964).
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neither the photonexchange graph nor the feed-
back effect can explain the n-p mass differ-
ence, but if N* exchange provides the attrac-
tive force to bind the nucleon, then radiative
corrections to the N NT vertex may explain
the sign of mpu-my,. Evidence is given for the
predominance of pseudovector rather then
pseudoscalar NNT coupling. (John Harte,
AEC Fellow)

Conditions for arriving at the static
limit of the original Bethe-Salpeter (BS)
equation have been examined, as an extension
of previously reported work. To this end, the
role of the relative-time variable in the BS
equation has been studied. A close connection
between this relative-time coordinate and the
presence of antiparticles in the theory has
been established. By a well-defined sequence
of approximations, which are unjustified for
the original marginally singular equation, we
arrived at the "Chew-Low equations' in the
tladder approximation' (or Lee model in the
VO sector for a yg type coupling). The nu-
cleon recoil has been kept to first order in
the nucleon kinetic energy, thus providing a
natural cutoff in the otherwise supersingular
problem. The integral equation we arrived
at in this way is marginally singular. In
order to have a vague justification of the
approximations made, we also discussed the
static limit for the BS equation with cutoff.
The static equation we derived from here was
solved numerically and its solutions were
compared with those of the original BS equa-
tion for a range of values for the cutoff param-
eter and the case of weakly bound states. The
results were also compared to a Blankenbecler-
Sugar type of approximation to the BS equa-
tion. (Klaus D. Rothe)

Numerical study of the unequal-mass
Bethe-Salpeter ladder equation continues., The
method previously used (Rayleigh-Ritz), al-
though successful for a large range of param-
eters, was not adequate for certain cases in-
cluding very weakly bound systems and bound
systems whose constituent particles have ex-
tremely different masses. (A more realistic
set of trial functions would likely improve
this.} To remedy this difficulty, we have ex-
tended the Schwinger to the unequal-mass
situation variational principle as formulated
by Schwartz and Zemach. 18 Preliminary re-
sults are quite encouraging. The Schwinger
variational principle for the Schrédinger
equation has been analytically continued to all
L for a particular (complete) set of trial
functions. Convergence is rather fast, so this
method may be promising for larger problems
such as those with coupled channels and spin.
(William B. Kaufmann)

18. C. Schwartz and C. Zemach, Phys. Rev.
141, 1454 (1966).




A study has been made of the singulari-
ties of the Bethe-Salpeter and Schrédinger
equation two-body scattering amplitudes in all
off-shell variables. A numerical study of
methods of finding phase shifts for these
equations has been completed as a thesis. A
letter describing a successful calculation of
phase shifts from the Bethe-Salpeter differ-
ential equation using the above ideas has been
prepared for publication. A variational
method for calculating Regge trajectories was
presented at the American Physical Society
April meeting in Washington, D. C. (Richard
Haymaker) -

A study of Regge trajectories for two-
channel processes in potential theory has been
initiated. It is expected that some under-
standing will be obtained of the effect of
higher thresholds and of the spin of the exter-
nal particles; this could then be extended to
relativistic situations. (N. F, Bali and
Richard W. Haymaker)

The Regge trajectories for a super-
position of two Yukawa potentials have been
studied by using analytical and numerical
methods. 19 The addition of a strong short-
range repulsion to a long-range attraction
gives rise to branch-points in the trajectory
functions below threshold; these could have
consequences in high-energy Regge-pole data
fitting. (N. F. Bali, * Shu- Yuan Chu,
Richard Haymaker and Chung-I Tan)

It is shown that the argument of
Gribov and Pomeranchuk for the existence of
fixed poles in the J plane at "'nonsense'
values of J goes through in the presence of
cuts, even though their argument for an es-
sential singularity then fails. Such poles
have no effect on the asymptotic behavior but,
in cases where the contribution of the third
double-spectral function is large, they will
invalidate both the Schwarz super-conver-
gence relations and the presence of dips in
the asymptotic region. A Regge trajectory
will not choose sense or nonsense at a point
where it passes through an integer of the

wrong signature. 20 (S. Mandelstam and
L. L. Wang)
19. N. F. Bali, S. Y. Chu, R. W,

Haymaker, and C. 1. Tan, Regge Trajectories
for Two Yukawa Potentials, UCRL-17475,
April 3, 1967; submitted to Phys. Rev.
*Fellow of the Consejo Nacional de Investi-
gaciones Cientifi¢as y Técnicas, Argentina
while part of this work was completed.

20. L. L. Wang and S. Mandelstam, Gribov-
Pomeranchuk Poles in Scattering Amplitudes,
U. C. -Berkeley preprint.

-29-

UCRL-17544

Some mathematical questions of the so-
lution of N/D equations by means of the de-
terminantal approximation have been investi-
gated. Two soluble models, "one-pole' and
“two-pole!', in which the left-hand cuts con-
sist of delta functions were used to illustrate
the method. The method was then applied to
the mm problem in s-and p waves. It was
found that in a small-cutoff theory the forces
due to the exchange of the sigma (I=J =0
mT resonance) and rho (I=J =1 7T resonance)
are not sufficiently strong to produce any out-
put resonances if their experimental mass and
width values are taken as input. However,
when the rho width is increased some 20 to 30
times, a p-wave resonance does occur. If
the cutoff is increased, the 'critical input
width'" is correspondingly decreased. With
no cutoff, the input critical width is about 400
MeV. These results are in general agreement
with those obtained by David Atkinson using
the matrix-inversion technique. The multi-
channel TN problem, in which tl}e second con-
tributing channel is the TN - 7N™, will be in-
vestigated in this approximation. The for-
malism includes the solutions of a
Muskhelishvili-Omnés problem together with
a Frye-Warnock system. It is hoped that the
175-MeV ''zero' as well as the 600-MeV Roper
resonance will emerge from the calculation.
(Kwok M. Ong)

The study of the Regge model for high-
energy Tp, pp, and Pp elastic scattering at
small momentum transfer, based on the
assumed dominance of a few Regge polés in
the crossed channel, has been completed. For
mp scattering these poles are the P, P', and
p; for pp and pp,ignoringisospindependence,
they are P, P', and w. This model fits a
wide variety of data, including the differential
cross sections that shrink for pp but not for
mp or Pp, recent results from Brookhaven on
total cross sections and ratios of the real to
imaginary parts of the forward scattering
amplitude, and also recent 7p and pp polari-
zation results. The factorization property of
Regge poles was assumed in the model for the
P and P' couplings and hence is tested by
these fits to the data. ' (C. B. Chiu and R. J.
Riddell, Jr., with William Rarita, U. C.,
Berkeley, and Roger J. N. Phillips, A. E.R. E,,
Harwell, England) ‘

The differential cross sections for the
reactions pn — np and pp — nn have been in-
vestigated., It is found that, besides the p
and R trajectories, the m and B trajec-
tories must be included. Various schemes
suggested by four-dimensional symmetry
have been investigated. It was found that the
existence of various daughter trajectories
does not suffice to explain the data, though
the data can be fitted with a parity-doublet
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(of which the pion may or may not be a mem-
ber). (Farzam Arbab and Jan W. Dash,
NSF Predoctoral Fellow)

Work was begun on an attempt to under-
stand. polarization in the 7 p -+ %°n process
at high energies in terms of branch points in
the p trajectory for t<O0. A fit to the dif-
ferential and total cross sections, and to the
proton polarization was carried out, but re-
sults were inconclusive; more data is re-
quired. (N. F. Bali and Richard W.
Haymaker)

The Regge-pole model for inelastic
quasi-two~body processes has been investi-
gated. Contributions to the spin-density
matrix elements from exchange of known
trajectories have been calculated, and some
restrictions noted. An upper bound for the
spin-density matrix element of the p?,

Re p10|, in the process 7 p —» p°n was ob-
tained. The bound is clearly violated by ex-
periment. 21 Further work on the quasi-two-
body process is in progress, including an in-
vestigation of the decay correlations between
two unstable final-state particles. (Gordon
A. Ringland, Miller Postdoctoral Fellow,
and Robert L. Thews)

The applicability of the Regge-reso-
nance interference model to the 7N data for
pion incident laboratory momentum, Py, be-
low 6 GeV/c has been studied in collaboration
with A, V. Stirling.22 At t = 0, one can see
that in the low-energy region (P <1 GeV/c),
the simple extrapolated Regge amplitudes
(for bothI =0 and I=1 states inthe t
channel) deviate significantly from nonres-
sonating amplitudes obtained from the phase-
shift analysis. On the other hand, for
P, >2 GeV/c, both ¢ ("'p) and ¢ (7 p)
data can be fitted by this model.

For P; >2 GeV/c and t # 0, but near
the forward direction, a simultaneous fit to
various TN data indicates that a reasonable
fit can be achieved for: {(a) T p charge-ex-
change differential cross section (dcs) data,
(b) the 7 p polarization data for |t | <1.5
(GeV/C)Z, and (c) m*p dcs data for ‘t[ <1
(GeV/c)“. There is a systematic discrepancy
between the fit and the data for ©'p polari-
zation at 2,5 GeV/c near |t| = 0.5 (GeV/c)Z.
It was shown that the fit to the 7 p dcs at
180 deg can be achieved in a variety of ways.

21, G. A. Ringland and R. L. Thews, Bound
for Effective Polarization in p Production in
a Regge-Pole Exchange Model, UCRL-~17474,
March 1967;
22, A, V, Stirling and C. B, Chiu, Remarks
on the Regge-Resonance Model in 7N Scat-

tering, in preparation.

submitted to Phys. Rev. Letters.
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Thus the success in fitting these data can only
be taken as suggestive evidence for the valid-
ity of the model. On the other hand, the back-
ward m'p dcs puts strenuous constraint on
the interference model. We have not been
able to achieve a solution that gives reasonable
fits to the 'rr+p data in both the 8- and 2- to
3-GeV/c region; the validity of this model for
this case has not been established, (C. B.
Chiu)

Study of the dip-bump structure in the
low energy T*p and pp elastic differential
cross sections has been continued, 23 It is
found that a zero in the helicity nonflip ampli-
tude of the P' trajectory gives a natural ex-
planation of this structure. The helicity non-
flip amplitude of the P' trajectory vanishes
at ap: = 0 if the P'trajectory chooses what
is called the no-compensation mechanism,
With this mechanism incorporated, a fit was
obtained for the 7m*p dip-bump structure,
and, additionally, to the high-energy m¥p
total and differential cross sections, the w¥p
polarizations and the 7 p charge-exchange
differential cross-section data. Consistent
with this mp solution, the pp and pPp total
and differential cross section could also be
fitted. The secondary maximum in the low
energy pp differential cross section was re-
produced. (C. B. Chiu, Shu-Yuan Chu, and
Ling-Lie Wang)

A superposition of a Regge-pole ex-
change amplitude and direct channel reso-
nances has been applied to forward
K-p— 772" scattering.at energies from 1.8
to 2.9 GeV., Further improvements of this
superposition model are being studied by an
examination of the fits to TN data, and by a
search for theoretical justifications. In
particular, attempts to fit backward
mp—~ ‘rr+p scattering provide a severe test of
any improved model. (Richard Brower)

The study of peripheral models involving
meson-nucleon reactions leading to a four-
body final state was continued, with particular
reference to the predictions of the models for
various three-particle invariant mass distri-
butions. The predictions of a model with one
two-particle resonance and one virtual nucleon
in the intermediate state were obtained and
compared in detail to experimental results
consistent with diffraction scattering. The
entire formalism assumed arbitrary values
for the center-of-mass energy and all masses
involved. Thus, the results were applied

23, C. B. Chiu, S. Y. Chu, and L. L. Wang,
Regge-Pole Model for "N and NN Secondary
Maxima and the No-Compensation Mechanism,
UCRL-17339, January 1967; submitted to
Phys. Rev.



easily to a variety of different reactions at
various energies. (Ivan Kramer)

The study of the importance of t-channel
exchange forces in pion-nucleon static-model
calculations is completed. 25 For the soluble
model considered, we find that these forces
are very important and'give sizable contri-
butions to partial-wave superconvergence re-
lations, (F. Landis Markley)

Work is in progress on a separable po-
tential fit to the Livermore nucleon-nucleon
scatterihg data for energies from 0 to 400
MeV. (Thomas R. Mongan)

s + - - L
A calculation of n=+ T T T y is in
progress, based on a vector dominance: model
of the decay, which has recently been ob-
served experimentally at LRL. Comparison
with the 77y and yy decay modes will be ob~-
tained. (Douglas S, Beder)

A brief study was made of Coulomb
effects in strong-interaction scattering, with
regard to recent experiments at Brookhaven.
One particular technique being used to evalu-
ate Coulomb effects was found to be incorrect,
but the 'study corroborates the validity of a
second technique to calculate these effects.
(Douglas S. Beder)

An attempt is under way to measure the
pion electromaiagnetic form factor-by analysis
of the scattering of positive and negative pions
on helium, Several formalisms have been
studied, all seeking to exploit the fact that,
since helium-~4 is isoscalar, the strong pion- -
nucleus interaction is the same for both signs
of charge. Any information on the pion form
factor is then contained in the net electro-
static potential of the system. A program is
in preparation to compute the differential
cross sections expected, on the basis of pre-
vious mesic atom work. It is hoped that this

24, Ivan Kramer, Resonances and Kinemati-
cal Peaks in Strong Interactions (Ph. D.
thesis), University of California, Berkeley,
February 1967,

25, F. Landis Markley, A Physical Interpre-
tation of Static Model Parameters (Ph. D
thesis), UCRL-17502, April 1967,
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will show the energies and angles for which
the cross sections are most sensitive to the
pion radius. (Tom Mottershead)

The questlon of symmetry- breaklng cor-
rections to the =t magnet1c moments in
SU(3) is being studied in an attempt to clarify
the role of the resonant and nonresonant inter-
mediate states in the continuum integral in the
relevant current-algebra sum rule. - The
model-dependence of such vector-current sum
rules is being studied, together with the
question of consistency of vector and axial-
vector sum rules for the Z' moment. The
aid is to clarify the theoretical situation, in
view of forthcoming accurate measurements
of p(Zt). (Thomas Walsh)

Previous work26 investigating nuclear
forces arising via one-meson exchanges is
being '"phenomenologized' to find an effective

" static potential to simulate the momentum-de-

pendent operator potential used in Ref. 26 to
calculate scattering properties of the nucleon-
nucleon system from 0- to 310-MeV incident
laboratory energy, and bound-state properties
of the deuteron and of nuclear matter. This
poteritial will be more tractable for use in other
nuclear physics calculations, The actual cal-
culations are being done at UCSD in La Jolla
on the CDC 3600 computer. (Lester Ingber,
NSF ' Postdoctoral Fellow) .

Techniques used to calculate the nucleon-
nucleon momentum-dependent interaction men-
tioned above, and discussed in Ref, 26, can
be used to calculate other low- and medium-
energy elastic-scattering processes_that are
mediated by one-boson exchanges. The
two-particle Feynman graph, usually described
by a function of energy and momentum transfer,
is correctly used as a potential in
Schrédinger's equation after the graph is

. described by a function of momentum and a

radial parameter. (Lester Ingber, NSF
Postdoctoral Fellow)

26. Lester Ingber, Realistic Nuclear Forces,
International Nucleon-Nucleon Conference,
1967, Gainsville, Florida, proceedings to be
published in Bull., Am. Phys. -Soc.

27, Lester Ingber, Correct Unitarization of
Effective Potentials, UCRL-17497, April
1967, submitted to Phys. Rev. Letters.
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II, NUCLEAR PHYSICS

After exploring many possible versions
of a nuclear Thomas-Fermi equation, we have
settled on a particularly simple form, sug-
gested by the work of Seyler and Blanchard, 28
in which nuclear saturation is achieved by a
velocity-dependent nucleon-nucleon interaction,
We are now proceeding with detailed and com-~
prehensive working out of this theory., This
should provide a background to all those as-
pects of nuclear theory that do not depend ex-
plicitly on individual-particle structure.

(W. D, Myers and W, J., Swiatecki)

A study of the families of equilibrium
configurations of rotating, charged, or gravi-
tating liquid masses has been taken up again,
A major difficulty in establishing a continuous
connection between the nuclear case of uni-
formly charged drops and the astronomical
case of rotating gravitating masses appears to
have been resolved, The question of the sta-
bility of the equilibrium configurations is
being further examined as a result of a cor-
respondence with S, Chandrasekhar, In par-
ticular the question of "ordinary" vs '"secular"
stability is being clarified. (W. J. Swiatecki)

We are working out the theory of the
fission of a conducting charged drop in which
the charge is distributed on the surface

28. R. G. Seyler and C. H, Blanchard, Phys,
Rev. 124, 227 (1961); ibid 131, 355 (1963).

(rather than throughout the volume, as in the
nuclear case). This is being done in connec-
tion with experiments on such drops which
have been begun in the Chemistry Division,
Together, the experiments and theory on the
disintegration of conducting charged droplets
by means of electrostatic forces will con-
stitute a study of a phenomeneon that appears
to bear a sufficient similarity to the nuclear
case to be able to throw light on nuclear fis-
sion. Advantages of a study of nuclear fis-
sion by means of such an analogue system
are the automatic inclusion of dynamical ef-
fects, and the ease of investigating the effect
of various parameters, such as the viscosity
of the fluid,

The first stage of the theory is con-
cerned with calculating the carrier energy for
the fission of a conducting drop and the associ-
ated shapes of unstable equilibrium (the fission
1saddle-point shapes')., This is being done
using a theorem in electrostatics which makes
it a trivial matter to calculate the electro-
static energy of conductors in the shape of any
one of a family of equipotential surfaces gener-
ated by a system of point charges, Saddle shapes
have been calculated for two point charges, butit
is very likely that three or more charges will
be needed before the associated equipotential
surfaces provide a sufficiently close approxi-
mation to saddle-point shapes. (W, J.
Swiatecki and C, F. Tsang)

III. PLASMA PHYSICS, MANY-BODY PHYSICS, AND ATOMIC PHYSICS

Previous work29 on the plasma kinetic
equation is being extended in the direction of
rigorous formulation of the equation. The
condition for Markovian time development
has been studied. The BBGKY hierarchy is
being used to obtain an expression for the
two-particle correlation function, including
the effects of three-particle correlations,
(A. N. Kaufman)

The stability of low-frequency drift
waves in an inhomogeneous plasma has been
studied in the small-Larmor-radius limit,

In this limit, one can consider a situation in
which the linear dimension along the mag-
netic field line is of the same order as that
across the magnetic field line; an example

is the magnetosphere. The Northrop-Teller
kinetic equation was used instead of the
Vlasov equation in the study. From this work
a general stability criterion for a plasma
sphere (where a dense cold plasma is present)
was obtained, (C. S. Liu)

29, A, N. Kaufman, Phys. Rev. Letters 17,
1127 (1966). .

An investigation of the effect of unstable
transverse plasma waves on transport prop-
erties is in progress. (Norman Albright)

A transport equation applicable to dilute
polyatomic gases is being sought. The nearly
classical behavior of the molecules is being
exploited to simplify a discussion of their in-
ternal {(as well as translational) motion.
Physical content is being sought in the Wigner
function using as starting point the general
scattering of wave packets. For structure-
less packets, a reasonable ensemble aver-
aging of the Wigner function has led to the
usual Boltzman equation; for internal motion,
an appropriate generalization of the Wigner
function has been found and its equation of
change is being investigated. (Warren Wollman)

The theory of near-adiabatic scattering
by atomic systems is being studied. The class-
ical treatment of this problem by Landau and
Zener gave an essential singularity in the scat-
tering amplitude, whereas the method current-
ly being used leads properly to branch-point
singularities at thresholds. (K. M. Watson)
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IV. ACCELERATOR STUDIES

A, Synchrotron Design

1. Extendible-Energy Synchrotrons

A study has been made on the feasibility
of constructing synchrotrons for operation at
one energy with provision for later conversion
to a substantially higher energy by addition of
new magnets and other components, One
may design guide-field configurations so that
the original magnets remain at their old sites,
requiring only minor realignments in the con-
version. Orbit characteristics would not be
changed significantly. Examples were de-
signed for synchrotrons operating at 200 GeV
initially and illustrating conversion capability
to 300, 400, and 500 GeV. Cost estimates of
the 300-GeV examples suggest that the addi-
tional initial cost is moderate, that the com-
pleted accelerator would compare favorably
in total cost with a machine built in one stage
for the higher energy, and that both stages
would be comparable in performance to one-
stage synchrotrons. (A. A. Garren with
G. R. Lambertson, E. J. Lofgren, L. Smith,
and other members of the Accelerator Study
Group)

2., Long Straight Sections

Recent design improvements have made
possible straight sections of sufficient length
for extendible-energy synchrotrons without
forcing a cell design with a higher value of the
amplitude function B than would be chosen on
other grounds. An especially effective ar-
rangement for synchrotrons with the cell
structure FOOFDOOD (where F and D
represent radially focusing or defocusing mag-
nets respectively) is to replace the OFDO
portion of the cell with a long straight section
array £ Lpy Qpp LQp, Qpg 4, where L is
the long-drift space, ! are shorter drift
lengths in the ends, and the Q's are quadru-
poles. Values of L can be obtained at least
twice as long as with the two-quadrupole
Collins-type insertion. The longest L-values
occur at £ ~L/2, and the phase advance is
about 130 deg greater than in the replaced cell
structure. If bending magnets are inserted in
the ! sections, circumference is conserved
and the momentum displacement greatly re-
duced. The theory for these matched inser-
tions and cell-replacement structures has
been extended to all combinations having an
even number of lenses, reflection anti-
symmetry (Qp <= Qp) about their midpoints,

30, A. A. Garren, G. R. Lambertson,
E. J. Lofgren, and L. Smith, Extendible
Energy Synchrotrons, UCRL~-17471, Feb. 21,
1967, Nucl. Instr. Methods, to be published.

and arbitrary phase advance. The appropriate
algorithms for these straight sections have
been incorporated in the SYNCH computer
code. (A. A, Garren)

3. Separated-Function 200-GeV Synchrotron

The availability of matched straight
sections with greater length relative to By 55
has stimulated the investigation of separated
function lattices with very strong focusing as
a possible improvement over the design-study
machine. Thin~lens theory, reasonably valid
for parameters of interest, shows that the
length £ of a QEpO0Qp0 cell that minimizes
Bmax i given by 2o = 2[Cp (By/B' )z , where
C =!x/2q is the quadrupole circumference
ratio, q the length of each quadrupole, B!'
the quadrupole gradient, BO a reference field,
and p the radius of curvature in that field.
When ! is so chosen, f ax is ,‘/_31 and
the phase advance is Z‘H'/%q. These formulas
may be inverted to determine the parameters
required for a given B ... Design of the
new machine is based on the specification that
Bmax Pe about half as great as in the design-
study, combined-function synchrotron. One
obtains a cell length £ ~ 20 m, which allows
inclusion of two bending magnets of conveni-
ent length per cell, The betatron frequency
v is over twice as high and the displacement
of off-momentum particles about 1/6 as great
as in the reference machine, The long-

- straight sections are four-quadrupole replace-

ments of half-cells with drift length the same
as in the design-study machine. The total
circumference is 5 to 10% greater and the
quadrupoles increase the total iron length,
but since the cross sectional area of the mag-
nets would perhaps be about half that of the
reference case, such a separated-function de-
sign may be more economical. Detailed de-
sign of such a machine and comparison with
the combined-function reference case is in
progress. - (A, A, Garren)

B. Accelerator Design

The preceding Semiannual Report of
this Division mentioned the resumption of
studies concerning means for adjusting the
closed orbit of an alternating-gradient syn-
chrotron on the basis of data derived from
pickup devices situated along the orbit.

During the period of the present report, this

study has been confined to adjustments made
by moving the 276 support points of the 200-
GeV synchrotron described in the LRL

31. Physics Semiannual Report, May through
October 1966, UCRL-17282, January 1967,
pp. 30 and 31,
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Design-Study Report. 32 This computational
investigation has concentrated on examination
of the efficacy of the control system when it
is applied to disturbances of various spatial
extents that generate closed-orbit amplitudes
of a standard magnitude sufficiently great to
warrant correction. Realistic noise values
were introduced into the 144 pickup signals,
and additional errors were assumed to be
present in the corrections themselves.

Preliminary examination of the results
has indicated that the correction system can
effect a substantial reduction, to acceptable
levels, of closed-orbit errors arising from
misalignment of the accelerator supports. It
should be possible to identify localized mis~
alignments of this type by recognition of the
simple, essentially sinusoidal, character of
the closed-orbit displacement outside the dis-
turbed region. The computational program
has been adapted to recognize such localized
misalignments and to recommend corrections
that are confined to the neighborhood of the
disturbed region. These localized correc-
tions~-that in practice would require less ef-
fort to introduce--have been found to provide
in such cases an alternative and attractive
means of obtaining an efficient correction.
Plans are presently being made to extend the
computational investigation to inc¢lude the use
of magnetic orbit deflectors, for the correc-
tion of closed-orbit distortions that arise
from either positional misalignments or
from magnetic errors in the accelerator
structure., (J. E. Braley, G. R. Lambertson,
and L. J. Laslett)

A computational program has been
initiated to investigate the long-time stability
of particles whose motion in one transverse
degree of freedom can be characterized by a
nonlinear (area-preserving) algebraic trans-
formation. This work is being performed in
double-precision arithmetic with the LRL
CDC-6600 computer, using a program de-
signed to minimize both the computational
time per iteration and the truncation errors
of the numerical work., In parallel with the
computational investigation, some analysis

32. 200-BeV Accelerator Design Study,
Vols. I and II, UCRL-16000, June 1965,

has been attempted of the numerical errors
necessarily present in such work, in order

that the cumulative effect of small drifts and
fluctuations in the numerical work will not be

confused with intrinsic characteristics of the
algebraic transformation. In relation to ac-
celerator technology, the stability of iterates
of a nonlinear transformation may be of par-
ticular interest with respect to the survival of
particles in a storage-ring facility. (L.
Jackson Laslett)

The preceding Semiannual Report de~
scribed the influence that clearing electrodes
and their terminations can have on the trans-
verse resistive-wall instability of a coasting
beam in high-intensity particle accelerators
or storage-ring devices, An analysis of
this effect for a specific electrode configura-
tion was reported at the 1966 International
Symposium on Electron and Positron Storage
Rings (Saclay, 26-30 September), and this
report has now appeared in the Proceedings
of the Symposium, (L. Jackson Laslett)

Distribution functions for a beam of
particles in an accelerator have been studied,
Previous work>” employed a four-dimensional
distribution function which yields linear space-
charge forces in real two-dimensional space.
Efforts to extend this work to three degrees of
freedom have failed, and recently we have
proved that no six-dimensional distribution
function can give linear space-charge forces.
Presently we are investigating the stability of
one- and two-dimensional distribution func-
tions to small perturbations. (Frank Sacherer
and Lloyd Smith)

33, Physics Semiannual Report, May through
October 1966, UCRL-17282, January 1967,
pPpP. 28 and 29.

34, L. Jackson Laslett, Concerning the Self
Fields of a Beam Oscillating Transversely in
the Presence of Clearing-Electrode Plates,
in Proceedings of the 1966 International
Symposium on Electron and Positron Storage
Rings (Presses Universitaires de France,
Paris, 1967), paper IV-5, pp. 1-8.

35. Frank Sacherer, The Behavior of Intense
Charged Beams in the Presence of Gradient
Errors, UCID-10189, June 1966, unpublished.
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MATHEMATICS AND COMPUTING SERVICES GROUP

Kent K. Curtis in charge

During the period of this report
(November 1966 through April 1967), mem-
bers of the Mathematics and Computing Ser-
vices Group performed the following tasks
for the Laboratory research groups.

Applications Programming

Powell-Birge Group

The COBWEB1 project for the control
of bubble chamber film measuring machines
using an IBM 7044 computer is being de-
bugged. A diagnostic program was written to
aid the engineers in debugging the COBWEB
hardware. The hardware is planned to be op-
erational during May 1967, The IBM 7044
measuring procedure program is designed,
95% coded, and 50% debugged. This program
is expected to become operational sometime
during June, 1967, In addition, work is pro-
ceeding on a subprogram within COBWEB to
enable scanners to input scan information to
the IBM 7044 via a teletype.

The CDC 6600 editing program, EDIT,
is being written to convert COBWEB output
tapes to various formats. Initially, these
formats are identical to those now used by the
measuring machines in.order to maintain
compatibility with other production systems,
(Bert Albrecht and Myron Myers)

A Powell-Birge bookkeeping program,
LIBRO, was written, debugged, and is in
production. This event-accounting program is
very similar to BOOKIE, 2 but is much im-
proved with respect to the operations it can
perform. Input to the program consists of
scan-card images, Event Accounting tapes
{(from the Data Handling Group), and Fortran
Fair tapes. In addition to keeping statistics
associated with the normal bubble chamber
events processed, LIBRO also maintains
statistics on "identify only'' events. LIBRO
also can identify, by printing and (or) gener-
ating scan-card images, those events that re-
quire remeasurement, (Bert Albrecht for
Powell-Birge)

1. Physics Division Semiannual Report
(hereafter abbreviated PDSR, UCRL-17282,
October 1966, p. 27; E. P. Binnall and M. H.
Myers COBWEB: IBM 7044/On-Line Bubble
Chamber Film Measuring Machines,
UCRL-17136, September 1966; presented at
AEC Information Meeting, Washington, D. C.,
September 28, 1966.

2. PDSR, UCRL-16863, May 1966, p. 32,

Various programs relevant to the
Powell/Birge data-reduction effort were
modified to improve efficiency and converted
to the CDC 6600. The Powell-Birge data-re-
duction computer operations system was studied
and improvements implemented to insure more
through-put as well as better communication
with, and more efficient use of the expediters.
(John Visser, Bert Albrecht, Esther Coleman,
and Myron Myers)

A package of CDC 6600 CRT display
subroutines, written to manipulate data in a
logical record format and output various dis-
plays on the Cal-Comp or CRT, have been
modified to take advantage of the on-line CRT
capability. All display work thus far has in-
volved onlif histograms and selection criteria
(FILTER)” in an effort to use as little memory
space as possible. The user can view his
histograms at the VISTA console, change
scales, combine histograms, and save selected
ones on the microfilm recorder. The user can
also change the control cards that define the
histograms and selection criteria, and then
reprocess the input data. (Ester Coleman,
Bert Albrecht, and Myron Myers)

The kinematics routine BISE4 was re-
vised and improved. Preliminary analyses of
the program results revealed that further fits
could be made. These were obtained by al-
lowing more than the usual number of itera-
tions for those events which appeared to be
converging slowly. The requirement of a de-
crease in the sum of the constraints was re-
laxed on the first iteration, resulting in still
more fits, Other changes resulted in a 20%
saving in machine time.

From the original group of 7000 events,
those which failed to fit any hypothesis during
the first running of BISE were rerun with
the revised program. About 23% of the re-
runs now fitted and the results from both runs
were combined. The complete results agreed
with known cross sections; further analysis
is in progress.

A detailed description of the techniques
used in BISE has been completed and is being
made into a UCRL report.

The question of the suitability of existing
kinematics routines for events taking place at

3. D. V. Armstrong, FILTER, Physics
Note 141, February 5, 1966.
4, PDSR, UCRL-16511, November 1966, p. 26,



energies of 100 GeV/c and greater has been
looked into by Plano and others. Plano re-
ported that double-precision arithmetic was
necessary for proper convergence on both
36 bit and 60 bit computers. A program
HIGH has been written in FORTRAN to
generate 100 GeV/c events of the types con-
strained by BISE, to see if the somewhat dif-
ferent techniques using single-precision
arithmetic will give convergence. HIGH is
now being debugged. (Harold Hanerfeld for
Powell-Birge Group) )

Trilling-Goldhaber Group

Work is being done in the area of con-
verting to a new data-analysis system. The
objectives have been to reduce the number of
steps required to completely process an event,
to keep the time required to a minimum, to
‘redice the number of tapes that must be kept,
and to utilize existing programs as much as
possible. The bulk of the programs run on
the CDC 6600, with conversion in progress
for those that still run on the IBM 7044 or
7094, Older experiments that were started
on IBM equipment are being completed on
that equipment. The tape libraries are being
examined and subsequently reduced in size
and then placed in the Mathernatics and Com-
puting tape library or in long-term storage.

Current experiments being processed
with-the new system are K*'p at 9 GeV/c in
the BNL 80-in, bubble chamber and w'p at
3.6 GeV/c in the LRI 72-in. chamber, Up-
wards of 50 000 events have been processed
in the last six months. (Jose Alvarez,

Derik Armstrong, Emmett Burns, Dan
Lamb, and Jim Miller)

A new least-squares vertex subroutine
was written for TGIF.” Extensive testing
was done to bring the vertex problem to a
good capability of resolution in TGIF. That
portion of the program dealing with two tracks
in a road logic was refined further and addi-
tions were made for the two-point track mode.
General maintenance and updating for new ex-
periments was also done. (Jim Miller)

SIOUX6 has been modified from the
Alvarez version to.meet the needs of the
Trilling/Goldhaber Group. -Event types and
experiment-dependent constants have been
added for two new experiments. A project to

5, A. D. Johnson, Preliminary Trilling-
Goldhaber Input Format (TGIF), Alvarez
Memo No, P-118, March 12, 1965 (not for
distribution outside of LRL). .

6. PDSR, UCRL-16511, November 1965,
p. 25, .
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modify TVGP7 to increase the number of
passing events has been started. Additional
tests have also been added to prevent arith-
metic-error stops. (Jose Alvarez and
Emmett Burns) : ’

A series of routines has been written to
be used with the ARROWS system., The
routines select and calculate the quantities
desired by the physicists. Additional routines
are being written for the newer experiments.
{Dan Lamb) '

" A new set of routines called EXAM have
been written to allow the user access to the
express mode, These routines operate from
an ARROW output tape that contains a mini-
mum amount of data for each event and calcu-
lates masses, angles, etc. (Derik Armstrong)

Inthe PANAL,’ PACKAGE,'? and
EPC areas, work has been done in research-
ing, explaining, and advising the users on
how the various geometry, kinematics and
translation programs work. (Jim Miller)

A new program called FOGGY enables
the user to extract in various forms scanning
and measuring data from FSD event-ac-
counting data tapes. The basic routine was
obtained from the Segre-Chamberlain Group.
A good portion of it was recoded to improve
efficiency.

FLIB, a library program for
Franckenstein data cards, is nearing comple-
tion., It will enable the user to store measure
ment data and extract it under the control of
filter or scan cards. (Derik Armstrong, Jose
Alvarez)

A'new program called PHONY is. in the
final debugging stage. It was built from the
two existing programs--FAKE (UCRL-10335
and Trilling-Goldhaber notes) and
SIMULATE (Alvarez Programming Note 129)--
to generate vertices, tracks, and pseudo-

measured points. These programs were mod-
ified to communicate with each other and to

prepare an input tape for SIOUX. (Emmett
Bu_rn's)
7. A. D, Johnson and T. B. Day, Three-View

Geometry Program, Alvarez Programming
Date P-417, June 8, 1965; PDSR,
UCRL-16511, November 1965,

8. Orin Dahl, ARROW, Alvarez Programming
Note P-124 (preliminary), August 3, 1965;
PDSR, UCRL-47282, January 1967, p. 28,

9, M. Hutchinson, PANAL, Alvarez Pro-
gramming Note 358 Rev., February 1, 1963,
10. Barrie Pardoe, PACKAGE, Alvarez Pro-
gramming Notes P-27, January 30, 1963,
and P-40, April 22, 1963,
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Spark Chambers

The program LKGLOP for the
Kaufman cyclotron experiment 7~ + He in-
teraction was completed, In its final form
the program punches the processed events on
cards, and the experimenter selects the events
to be used with the card-sorting equipment.
This approach was deemed necessary be-
cause it is not known where general cutoffs
should be applied, but selection by hand could
be used. (Tony Schaeffer for Leon Kaufman)

A series of codes (STND, SMERGE,
RCNTRK) has been developed for reading out-
put from the SASS-Vidicon system and recon-
structing spatial coordinates for input to a
momentum-analysis program.

The sequence of steps is as follows:
Standardized reference tables are created
from carefully prepared photographs of the
spark chamber's grid marks and fiducials.
Subsequent reference measurements from a
given run are then standardized from these
tables and the event data are adjusted accord-
ingly. The output from these transformations
is then fed to a reconstruction program which,
utilizing a program (SCRUBL) written by Al
Clark, pairs the event data of each view and
computes the spatial coordinates and their
variances. Linkage to a modified version of
TRACK has been successful. (Leo Vardas
for Al Clark)

VISTST,, a set of subroutines using the
250 Vista system, has been written to allow
on-line monitoring of the basic track-recog-
nition programs developed for the Crowe
Bevatron experiment. It is now possible for
the user to observe the working of the track-
recognition programs and quickly discover
needed adjustments and modifications. It is
also possible by using the light pen to correct
the program at any stage and thus insure er-
ror-free scanning.

Input to the basic track-recognition pro-
grams is in the form of two tables of spark
coordinates, one for each of two 90-deg
stereo views of the chamber. Consequently,
it is possible to adapt the programs to process
data from different experiments and different
measuring machines with considerable ease.
(Les Wilson for Crowe Group)

Accelerator and Magnet Design

1. Magnet design., Program LINDA“'
has been 80% completed. (Tom Clements for
Charles Dols)

141. PDSR, UCRL-16863, May 15, 1966,
p. 31.

Program TRIM!Z2 has been operational
for some time with both the rectangular and
cylindrical versions being in heavy production
use by the Lofgren and Chamberlain Physics
Groups, Inorganic Materials, and the AGS
study groups. Substantial monetary savings
are being realized in-the magnet design be-
cause this program allows the user to design
'paper' magnets to conform with the desired
specifications without building prototypes. In
actual cases, the calculated fields have been
within 1% of measured fields. (J. Colonias,

B. Burkhart, R. Healey, and R. Ahlstrand)

An experimental program FIEI_,D13 has
been written to investigate the possibility of
utilizing the graphic~-display consoles of the
6600 to calculate magnetic fields. This pro-
gram will allow the user to draw the magnet
geometry on the CRT screen, perform mod-
ifications or alterations on magnet geometry,
and display the resulting flux distribution and
pertinent curves revealing the quality of the
field throughout the magnet. This program
shows great potentialities and presently is
being adapted for production use. (J. Colonias)

Program TAMI14 is a general purpose
code for the solution of the three-dimensional
magnetostatic problem containing magnetic
materials, The program has been written and
is being debugged. (Steven Sackett)

2, Orbit studies. The preliminary
study on orbit codes and beam-transport de-
sign programs 5 has been started in order to
establish a set of programs to meet the needs
of the general user at this laboratory.

The findings and recommendations of
this study are summarized in a report to be
published soon. As a first step, program

12, J. S. Colonias, and J. Dorst, Magnet
Design Applications of the Magnetostatic
Program Called TRIM, UCRL-16382,
September 1, 1965. September 1964; J. S.
Colonias, Computer Calculation of Two-
Dimensional Magnetic Fields, UCRL-17319,
January 3, 1967.

13, J. S. Colonias, Calculation of Two
Dimensional Magnetic Fields by Digital
Display Techniques, UCRL-17340, April 28,
1967.

14, Steven Sackett, A Computer Code

(TAMI) for Magnetic Fields in 3-D Space
with Magnetic Materials Present, ENA66-371,
January 3, 1967.

15, J. S. Colonias etal., Computer Programs
for Cyclotron, Synchrotron, and Beam~Trans -
port Design, (Internal Report, available from
Mathematics and Computing Library, Sept, 1966),



CYDF}Qhas been completed and is operational
for the IBM 7094 computer system..

A beam-transport program SOTRM is
under development to calculate the first- and
second-order transfer matrices associated
with any magnetic element for which a field
_configuration can be furnished. In the final.
form this program will be able to trace a
reference particle in any direction through
a given magnetic field and will furnish the
associated transfer matrices. (Elon Close
for the 88-Inch Cyclotron Group)

Program ELOsSY7 was modified to in-
clude the calculation of the momentum-loss
probability function, and various programs
are under development to aid in improving .
the performance of the 184-inch cyclotron
by studying the effects of modifying the field
and the rate of frequency modulat1on. (Vic
Brady for D. Clark)

A Fortran version of program .
TRANSPORT18 has been modified and con-
verted to the CDC 6600. The feasibility of
designing beam-transport systems on the 6600
computer with on-line user interaction via
the CRT display console with a light pen has:
been established, and a program utilizing
this feature has been started. (J. Colonias)

A set of programs TIGER has been
developed to study corrections to be applied
to the support-pile structure of an accelera-
tor to maintain correct alignment on the basis
of beam pickup information. Closed-orbit
displacements due to magnet errors are also
being investigated., A program CRAWL to
study the long-range stability of nonlinear
algebraic transformations that could arise in
storage-ring problems is under development.
(B. Levine for J. Laslett)

_ 3. Linear-accelerator design. The
code, PYRMI, is a modification of the linear-
accelerator design code, PARMILA, It pro-
vides these additional features: omission or
arbitrary assignment of strength and polarity
for any of the cell quadrupoles, and insertion
of more-complex magnet systems consisting
of quadrupoles and bending magnets with
wedge angles in intertank spaces. (Jonathan
Young for Ed Hubbard)

Linear programming has been used to
determine parameters in order to maximize

16. Elon Close, A collection of FORTRAN II
Cyclotron Development Codes for Use on the
IBM 7094, UCID 2869, January 1967,

17. PDSR, UCRL-17282, October 1966, p. 29.
18. PDSR, UCRL 16411 November 10, 1965
p. 24.
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drift length in straight sections in connection
with the 200 to 400 GeV accelerator design.
The linear programming code, LP-90, was
used on the 7094. (Jonathan Young for Al
Garren) : :

"4, Special Projects, Program FLUX
is a special program developed to aid in the
construction of a functional representation of
radiation data associated with the CERN
Proton Synchrotron. Programs of this type
are useful in connection with shielding studies
for the proposed 200-BeV proton synchrotron,

Program NONAME has been written to
investigate transmission-line problems associ-
ated with variable magnet power supplies,

} The programs TRIM and PIZZAi9
have been combined to provide a general-pur-
pose program that allows the user to deter-
mine the pole-face geometry of a magnet when
the desired performance is given. This pro-
gram is.very effective and provides a signifi-
cant contribution to the design of magnets.

A new version of TRIM has also been

written which is five times faster than the

previous version. This program includes new
edit routines to improve the quality of the com-
puted fields and gradients. (Jim Spoerl for the
OMNITRON Group)

-.A recent experiment has been performed
on the linear accelerator which is used to in-
ject protons into the Bevatron. Several 6600
Fortran IV programs, including BALL and
TBALL, have been written to study the accel-
erating field, E(Z), and other related param-
eters such as the transit-time factor of each
cell, measured in the standing-wave cavity.
The accelerating field was determined by
measuring the change in resonant frequency
caused by a small perturbing sphere on the
axis of the cavity. Correlations are being
found between the 20 wall probes [ HBAR(Z)]
and both the average axial field [ EBAR(Z)]
and the tuner positions [TP(Z)]. By observing
HBAR(Z) and TP(Z), it will be possible to ad-
just EBAR(Z), which cannot be measured
while the accelerator is running. This experi-
ment should lead to a more accurate prediction
of the linear-accelerator's operation.

(E. Williams for Robert Allison et al.)

Further refinements of the injector con-
trol system using the PDP-5 have been made,
especially in the area of operator-communica-
tions.

19. Klaus Halback, A Program for Inversion
of System Analysis and Its Application to the
Design of Magnets, UCRL-17436, March 1967,
20. PDSR, UCRL-16511, November 1965, p. 28.
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During the Bevatron shutdown, the
PDP-5 system has been used to control the
experiment to determine the electric field in
the linaci and the effect of the tuners on the
field. A program was written to control the
equipment and put the data on tape for process-
ing on the CDC 6600. (Bob Belshe for B.
Allison)

Nuclear Chemistry

Two Gaussian fitting programs were
written to resolve prompt K-x-ray spectra
from Cf£252 fission fragments. Program
PAIRSIG fitted Gaussians to quadrupole x-
ray calibration spectra in order to obtain in-
formation on peak position, width, and area
ratios of known decaying isotopes. This in~
formation was used in program SEVER to
isolate the energy and amount of the 23 iso-
topes that formed the K—x-ray spectra.
(Claudette Rugge for Rand Watson)

In the search for fine structure within
the analysis of angular distributions of fis-
sion fragments, program P-FIT 0 was re-
parameterized to eliminate the error intro-
duction by normalizing the data to a Legendre
‘polynominal fit at 90 deg. The input and out-
put sections of the modified program PU-FIT
were also refined, (Claudette Rugge for
Luciano Moretto)

In the study of interactions between
extranuclear magnetic or electric fields, the
program XCOSi was written, The program
fits time-differential measurements observed
as periodic modulation of decay of the inter-
mediate nuclear level. The program was ex-
tended to preface this by a fit to a possible ex-
ponential deformation of a decaying daughter
during the measurement time, (Claudette
Rugge for E. Matthias and B. Treytl)

The program EDELS was written to
determine from experimental data the crystal
field splitting of a J-manifold in cubic sym-
metry. Library routines were employed to
find eigenvalues, do curve fits, and make
graphs. (Ruth Hinkins for Norman Edelstein)

Work was begun on obtaining the nu-
merical solution of the transient diffusion in
a composite slab. The problem is being
solved by a truncated eigenfunction-series
technique. 24 (Paul Concus and Donald
Olander)

The program SCATER 2 was changed
from a vibrational-model calculation to a

21, Paul Concus, On the Numerical Solution
of la Diffusion Equation, UCID-2912,
March 7, 1967,

rotational-model calculation. SCATER 2 now
has the addition of using large numbers of
partial waves necessary for heavier elements,
and it takes into account the K = 2 bands. All
the linearly independent solutions of the second-
order partial differential equations were solved
simultaneously rather than sequentially as in
the previous program. This resulted in a large
saving in time at a cost of increased memory
space. The number of coupled channels was
expanded to 36.

It was concluded that higher-order inter-
action terms in the nuclear potential were im-
portant for angular-momentum transfers of
four or more. The program RADIAL was
written to display on the Cal-Comp the inter-
action terms in the nuclear potential,

Modifications were made to the program
CROSS 2 and CROSS 1 for increased speed and
for different Cal-Comp formats,

The series of programs MICRO,22
DIFFER, 23and CROSS*? were modified for in-
creased speed and so that 41 coupled channels
could be handled. (Noel Brown for Norman
Glendenning)

The PDP-7 assembler write-up and
users manual is now available from the
Mathematics and Computing Library. New
instructions have been added to the relocatable
version of the assembler, which is now avail-
able on the data cell.

The PDP-7 ADC control program
TWIST is complete, It is designed as a main
framework to which variable ""black boxes"
can be attached to suit the individual user.
The main framework and the individual '"box"
routines can be stored separately on DEC
tape, and various initialization, run-time
processing, and post-processing routines can
be "plugged in'" at the user's discretion. At
present one general initialization routine and
several run-time and post-processing routines
are available. Others will be added as re-
quired by the users.

A PDP-7 Cal-Comp package to allow a
user to create graphical display on the Cal-
Comp plotter is near completion. Also, a
program to plot Cal-Comp tapes generated by
the CDC 6600 has been started. (Penny
Collom for Nuclear Chemistry)

22, PDSR, UCRL-16099, November 1964,
p. 30; PDSR, UCRL-16514, p, 29,
November 1965,

23, PDSR, UCRL-16099, November 1964,
p. 30,

24.3 PDSR, UCRL-16099, November 1964,
p. 30.



Work has begun on a PDP-8 program
(ART) for multiple~parameter pulse-height
analysis of on-line and off-line data and dis-
play of the information via a CRT. An inte-
gral part of the system is a disk store. The
basic routines for buffering data from the on-
line ADC to the disk have been completed.
Work is now proceeding on routines to analyze
the data and display it. (Dave Jenson, Bob
Powell for Art Pastkanyer)

Biomedical Applications

Results obtained for the age distributions
of stochastically dividing populations25 imply
that the proliferative control of a statistically
stable population of stem cells cannot be
based solely on an exogenous demand for dif-
ferentiated cells, but must be based in part
on the size or rate of growth of the population
itself, This conclusion significantly limits
the kinds of stem-cell control possible,

(G. C. Nooney)

A processing system for medical data
relating to radiation treatment for diabetes
mellitus has now been extended. The Tulane
University program TIPS26 has been used to
build a computer-based data file, to correct
and edit the data, to obtain selective printed
output, and to prepare magnetic tapes for use
by another program. This second program
(MED) can generate plots and histograms
which are displayed ona VISTA CRT or
drawn on a Cal-Comp plotter. The design of
clinical trials to investigate the efficacy of
the radiation treatment has also been studied.
(W, Hogan, T. Mahan, M, Horovitz)

Calculation from experimental data of
the iron-uptake rate of erythrons as a func-
tion of erythron age has now become routine
with the use of NMOD. Results for several
normal subjects have made doubtful the valid-
ity of models of iron kinetics having a signifi-
cant iron compartment between plasma and
heme and have brought into question the accu-
racy of most available experimental data.

(G. C. Nooney and T. Mahan) Other work on
iron kinetics included a program to determine
the transfer function of Fe?7 from plasma to
red cells and a program for the analysis of ex-
ternal monitoring data. (K. Wiley)

Several programs were written and used
to fit various functions to data on the time
course of evolution of C140 in the breath of
animals. (M. Horovitz) Work has continued

25, Grove C. Nooney, Age Distribitions of
Stochastically Dividing Populations,
UCRL-17356, January 27, 1967.

26, Richard D. Yoder et al., Tulane
Information Processing System, Version IL,
Tulane University School of Medicine, 1966.
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on the program GASP, which fits a model to

" data from a C140; breath analyser. (K. Wiley)

A Monte Carlo simulation was used to ob-
tain confidence intervals for average weight in
different comparison groups of mice with vari-
ous radiation histories. (W. Hogan)

Program TELLY was written to find
approximate solutions of an integral equation
relating measured activity to neutron flux and
cross sections. The user can modify the flux
function by drawing it on a CRT with a light
pen until a satisfactory fit between the corre-
sponding integrals and the data has been ob-
tained, (M. Simmons)

Program BRAGG27 was completed and
used to compute dosage-versus~-distance curves
for various cases., Results have been reported.
(G. Litton)

Miscellaneous

Substantial progress has been made in
the development of the program FINDME for
the analysis of emission spectra. Applications
of this program exist in many areas, including
the study of stars and the measurements of the
energy levels of diatomic molecules. The im-
mediate use of the program will be in the analy-
sis of emission spectra obtained from com-
pounds activated in electrodeless discharge
tubes or in low-pressure arcs,

The program operates primarily by
taking a large number of spectral lines and
sorting them into subsets, each of which is
assumed to have a specific mathematical
representation. Due to the large number of
spectral lines which may be contained in a
given set, and due to the inherently large com-
puter time associated with a search routine of
this nature, a good deal of work has gone into
developing methods for minimizing computing
time, This has centered in part around
working out data-storage schemes peculiar to

~ the problem.

A large number of options have been in-
cluded in the program. These are to allow as
much flexibility as possible in setting the cri-
teria necessary to subdivide a spectrum into
its components.

A flexible input routine has been attached
to the program. This allows input cards to be
arranged in random order, with only those
cards being supplied which are necessary to
the operation of a given problem. (Gerry
Litton for John Phillips)

27, PDSR, UCRL-17282, October 1966, p. 30.
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The program CHRYS was written to
compute and plot the stereographic projection
of all the molecules of a crystal that are lo~
cated in a shell of given radius and thickness.
This was done for a perfect crystal and for
several distorted crystals, (Ruth Hinkins
for Pierre Petroff)

The program OMNI was written to com-~
pute one of the components of the magnetic
field intensity in ferrite. Permeability is de-
termined by fitting experimental data. By
using this permeability and by varying param-
eters for the high-frequency Omnitron reson-
ator, plots are produced involving frequency,
current, radius, and length,

The program CHAT was written to find
inductance from experimental voltage and cur-
rent data. This calculated inductance is used
with bias currents determined by another pro-
gram to produce new voltage curves on the
Cal-Comp plotter.

Preliminary work has been done on the
program DERIEN which is to display the so-
lutions of a system of differential equations
on the CRT as several parameters are
varied. (Ruth Hinkins for William Gagnon)

PUZZLE, 28 a program that aids in
printed circuit design, is presently being
used for production. It has proved of value
in reducing both the time and cost of pro-
ducing printed-circuit boards. General main-
tenance work to allow for a more sophisticated
plotting procedure, the addition of error tests
on data to provide as complete a layout as
possible from a given run, and the writing of
the initial sections and flowcharts necessary
for accurate documentation of the program
have been completed. (Deanna Wilber for
Ron Zane)

Work was finished on rewriting a
Chamberlain Group program called SCOFF,
This program is written for the PDP-5, and
is used for on-line data collection.and pre-
liminary analysis in a particle scattering ex-
periment, The basic program is completed
and operational, and a comprehensive de-
scription of the program is near completion.
(Dave Jenson for Tony Parsons)

A program, COSTAL, was written for
the CDC 6600 to tabulate the current pur-
chase-order commitments of the Berkeley
Laboratory., Using the estimated delivery
date of each item as a criterion to determine
when payments fall due, the commitments are
projected eight weeks ahead from the date of
the run and tallied separately under depart-
ments and sub-departments., Each week the

28, PDSR, UCRL-416511, November 1965, p.30.

commitment record is updated with informa-
tion on new purchase orders and disburse-
ments on existing purchase orders. (Marjory
Simmons for B. Kinckley)

A set of computer programs (GROUP,
CORRECT, RATEIL, REPORT, STATUS,RATEII
‘BASIS) have been written to forecast average
payroll information by payroll group on a full-
time equivalent (FTE) basis and to prepare
appropriate reports. Historic information
used includes selected information on in-
dividual employees, monthly gross-earned
reports by payroll groups, and monthly FTE
basis reports by payroll groups. All of these
programs are in use except RATE II, which
is being debugged. (Bob Healey for John
Stark)

STAP3, the new version of the program
used to record and maintain LRL inventory,
is in the final debugging stages. Major re-
vision of the tape-handling procedure has
taken place, and a minimum of external tapes
are being used., A full-scale test case is
yielding most reports in a satisfactory manner,
Documentation on STAP3 has been started
and is near completion. (Deanna Wilber for
Tom Hitchcock)

Work has begun on the program POFO
to produce the various reports required for
inventory control and purchasing. POFO
features a format-free input that allows a
user to specify in English-like statements
what information from a master file will be
included in the report and what summary op-
erations will be performed on that informa-
tion. Because the number of reports is
specified by the user, storage is allocated
dynamically to optimize the use of storage
and to permit the master file to be read only
once. (Dave Jenson for Tom Hitchcock)

Several programs have been written for
the Technical Information Division to process
and search information from Nuclear Science
Abstracts (NSA). TIDE I and TIDE II (see
UCID-2828) have been modified to run more
efficiently, (e.g., TIDE II has been speeded
up by a factor of 10). Also, TIDE I makes a
tape with the accumulated frequency of key-
word selectors found in the documents of
NSA. This information will aid the profiler in
forming '"better" search questions.

Program INDEX, now being debugged,
will provide the libraries at LRL with a list
of the documents on the NSA tape along with
an author index to those documents. (R. N,
Healey for Ray Wakerling and Gloria Smith)

29, K. C. Knowlton, Commun. ACM 9, 1616

(1966).



A preliminary list processor, L66,
based on an abbreviated version of Knowlton's
L6, 29 has been completed. This processor
will enable bootstrapping to a more powerful
and flexible compiler that will operate quite
efficiently., One underlying goal has been to
provide complete compatibility with
FORTRAN IV and ASCENT, The second-
generation compiler should prove extremely
useful both to FORTRAN users who wish
efficient bit,and character manipulation and
to users who need to generate and manipulate
list structures such as those that occur in in-
ventory studies and graphic displays applica-
tions. (Leo Vardas and Dave Jenson)

A program LION to help assess track-
following techniques used on bubble-chamber
data obtained from photo-scanning devicesis
being written in FORTRAN, Several of the
necessary subroutines have been written and
debugged. (Harold Hanerfeld)

Systems Programming

PDP 5/8

‘Diagnostic and system programs to u-
tilize the M6 data disc on the PDP-5 and
PDP-8 have been written and checked out.
The PDP-5 disc also is used to drive a CRT
display. A program was written to plot data
and alphanumeric characters with this display
system. (Bob Belshe)

DDP-24

The film-scanning programs have re-
quired constant revision to solve scanning
problems that arose at experiment time; a
program was written to edit and skelm the out-
put tapes from the scanning programs. (Don
Zurlinden)

6411

The interim 6441 system, which has
been in use for a year, was replaced by
ASOP1 (Attached Support Operations, Version
1). In addition to the 1401/1460~type opera-
tions provided by the interim system, ASOP1
provides on-line support of the 6600 and a.
modest remote console facility. Work in
progress includes expansion of the system to
handle two 6600's and the ability to "attach'
a teletype to a 250 console, providing more
flexible I/O for the user of the 250. (Sam
Penny, Jerry Borges, Bob Fink, Judy
Glasner, Walt Hutchinson, and Doug
Brainard).

A hardware design error in the 210 con-
soles, causing excessive flicker, was detected
and corrected. (Jerry Knight)
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6600

Systems improvements and extensions
included: ' : '
(1) The ability to run all system I/O func-
tions at a single control point;
{2) Making both disks available for use by the
system; i
(3) Incorporation of the SCOPE 2.0 system;
(4) Extensive modification of the operators!
console displays;
(5) Improving job scheduling. (Bob Tracy,
CDC, and Jerry Knight) :
Some extensions for the compiler were
provided, and the error-tracing facilities of
SCOPE 2,0 were made available to users of the
standard BKY system. (Joyce Johnston,
CDC) Limited access was provided to the
IBM 2324 Data-Cell Drive. (Bob Fink)

An investigation was begun into methods
of evaluating system performance. (Charles
Symons, CERN, Mike Long, and Dave Stevens)

Implementation of an improved method
of assigning disk tracks was begun. (Jerry
Knight) :

Mass-Storage System

The definition of the external specifica-
tions for a comprehensive mass-storage sys~-
tem (involving the IBM 2321 data-cell drive,
a CDC 854 disk pack, and the IBM photo-
digital chip store) was nearly completed.
(Margret Alston Garnjost, Sam Penny, Bob
Fink, and Dave Moss) '

PDP-5 Link

The (hardware and software) design of
an intermittent on-line link between the 6600
and a PDP-5 at the Bevatron (or other remote
location) was begun., This link would permit
nearly on-line processing by the 6600 of

sample data to facilitate control of exgeriments
without significantly degrading total 6600 per-

formance. (Sypko Andreae, Doug Brainard,
and Tony Schaeffer)

Mathematical Research

A revised version of a report entitled
"Numerical Solution of the Minimal Surface
Equation' (UCRL-16927 Rev.) was prepared
to make it acceptable for publication in
Mathematics of Computation (July 1967),
{(Paul Concus)

Work continued on extending the method of the
above report to numerically solve the equation
of a surface with mean curvature that varies
linearly with height, subject to normal
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derivative boundary conditions. This equation
is the one that determines the equilibrium
free surface in a container of a fluid subject
to surface and gravitational forces. The solu-
tion has been obtained for a container with
circular cross section and for a few values of
the parameters for a container with square
cross section. Work was begun on the char-
acterization of the parameter domains for
which solutions exist for different cross sec-
tions. (Paul Concus and Marjory Simmons)

A method was formulated for numeri-
cally solving the magnetostatic field equation
in two dimensions that would allow inclusion
of hysteresis effects. Two-dimensional
hysteresis has not, in general, been physi-
cally formulated; physically reasonable
models were postulated in the mathematical
formulation of the method. (Paul Concus and
Alan Winslow)

A doctoral thesis "Invariant Surfaces of
Ordinary Differential Equations with and with-
out Time Lag' has been completed. (Tony
Schaeffer)

A technique has been developed for ap-
proximating a discrete function, (xj, yj)i= 1,1
by a linear combination of a specified number,
J, of functions, fJ, of the forms

exp (ajx),
sin (bjx),
cos (b.x),

exp (ajx) sin (bjx),

or exp(ajx) cos(bjx) .

The technique involves approximating deriva-
-tives for the function, finding the linear dif-
ferential equation with constant coefficients
satisfied by these derivatives, finding the gen-
eral solutions (the f) above) and finally finding
the cqefficients for the linear combination of
the fJ,

Approximation methods using variation
of parameters would require I 2J, whereas
the technique described requires only
I1=2J+1.

30. Anthony J. Schaeffer, Ph. D. thesis,
UCRL-17525, April 1967.

The code, EYGFYT, has been written
to apply the technique to small problems
(I <11, J <10) and has given satisfactory re-
sults. Derivative values were first obtained
using a polynomial approximation. A first
trial set of fJ and cj was computed for
these, Next these fJ "and c; together with
errors were used to compute a new set of
derivative values. A next set of f] and c;
was then computed. Although the iteration’
could be continued, in all cases tried, the
second set was a good approximation,
(Jonathan Young)

Computer Operations

In December of 1966, the CDC 6411
and CDC 6600 computer systems were moved
to Room 1275, Building 50B. An IBM 1460
computer was returned to IBM in January of
1967. In February of 1967, the 7044 computer
was moved from Building 70A to Building 50A,

" Room 1156,

During the month of January, the key-~
punch, library, and ready-room facilities were
moved from Building 50A to Building 50B.

A magnetic-tape library was established
in Building 50B and has been in operation since
March 1967, Access to this Library from the
main computer room is via a single-floor lift,

In March and April as occupation of
Building 50B was completed utilization of a 6-
floor lift as a means of submitting jobs to the
CDC 6600 and of returning such work to the
user was started,

Vista consoles were installed on the
first, second, third, and fifth floors of
Building 50B for utilization as remote, inter-
active, graphical, input-output devices.

Site plans were completed and work was
started on site preparation for a second
CDC 6600 to be delivered in July 1967,
(James Baker, Paul Rhodes, and Marvin
Atchley)
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" PUBLICATIONS

R. W. Allisom, Jr., A. Belshe, D. M.
Evans, E, C. Hartwig, H. D. Lancaster, D. R.
Machen, R. M. Richter, and E. Zajec, Digital
Control of the Bevatron-Injector Inflection Tra-
jectory, UCRL-417000, December 1966; pre-
sented at the 1966 Linear Accelerator Confer-
ence, Los Alamos, October 3-7, 1966,

John S. Colonias, Computer Calculation
of Two-Dimensional Magnetic Fields,
UCRL-17319, January 3, 1967.

John S. Colonias, Calculation of Two-
Dimensional Magnetic Fields by Digital Dis-
play Techniques,. UCRL-17340, April 28, 1967;
to be presented at the International Conference
on Magnetic Technology, Oxford, England,
July 1-14, 1967, :

Paul Concus, Numerical Solution of the
Minimal-Surface Equation, UCRL-~16927-Rev.,
December 1966; Math, Comp., to be published
July 1967,

Paul Concus, Numerical Solution of the
Nonlinear Magnetostatic~Field Equation in Two
Dimensions, J, Comp. Phys. 1, 330 (1967),

P, Binnall, and M. H, Myers, COBWEB:
IBM 7094/0On-Line Bubble Chamber Film
Measuring Machines, UCRL-17136,
December 1966; presented at the AEC
?fggmation'Meeting, September 28-30,
966. : ‘

) Gr'ove C. Nooney, Age Distributions of
Stochastically Dividing Populations,
UCRL-17356, January 1967; submitted to
J. Theoret. Biol,

. Grove C. Nooney, Age Distributions in
Dividing Populations, Biophys.J. 7, 69(1967).

Grove c. Nooney, ‘An.Erythron-Depend-
ent Model of Iron Kinetics, Biophys. J. 6,
601 (1966). T

Steven J. Sackett, A Computer Code
{TAMI) for Magnetic Fields in 3-D Space with
Magnetic Materials Present, ENA66-371,
January 1967,

Anthony J. Schaeffer, Invariant Surfaces
of Ordinary Differential Equations With and
Without Time Lag, UCRL~17525 (Ph, D.
Thesis), April 1967,
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PHYSICS RESEARCH

Kenneth M. Crowe in charge

- NEUTRAL BEAM AT SLAC

Kenneth M. Crowe, David Dorfan,
Donald Miller, M. M, Schwartz,
Michael Paciotti, and Don Wajoiski

A collaboration has been initiated with
members of Stanford Group G to measure the
charge asymmetry in the leptonic decay modes

_t (Kg -1 +put +v)

- (K'(l) ~at R o+v)
of the long-lived component of the neutral K
meson., The experimental setup consists of
counters, spark chambers, an analyzing mag-
net to determine the sign of the muon, and a

large range chamber to establish the muon's
identity by lack of interaction,

R

The experiment is now in progress, and
a limited amount of data has been taken. The
sign of the muon is decided by a counter ar-
ray; at the same time, we take sample pic-
tures at 10% of the event rate to correct for
small effects such as wrong sign decision,
interactions, etc. All relevant accidental
rates are scaled.

We will soon start a thorough experi-
mental study of systematic effects in the en-
tire system. Once these are understood,
statistics will be collected to the limit im-
posed by the systematic errors, or to the
limit of available running time, We hope for
an error in R of less than 0,3%. With this ex-
periment we can probably check the consis-
tency of R within the present theoretical
framework and then possibly exclude one of
the two proposed solutions.

ANALYSIS OF K' DECAY AT REST
Michael Zeller

An experiment performed in the early
part of 1965 to measure the various parameters
in the leptonic decays of the meson is pres-
ently in the final stages of analysis, The pres-
ent goal is a measurement of the branching
ratios of the various modes with momentum
spectra for Kp_3 and K,3 .

From invariance arguments and the
assumption of locality and the Universal
Fermi Interaction for leptons, the matrix ele-
ment for the decay K43, where 1 is p or e is

M=[£, (P_+Q )+f_(P_-Q)1[F, by, (1+vg)k, (a)],

Pq_ Q, p, and q are the four-momenta of the
K", 7, lepton, and neutrino respectively, and

the p's are the usual Dirac spinors.

The theoretical interest lies in the deter-
mination of the form factors, f+ and f_, for it
is there that the nature of the strong-interac-
tion current becomes manifest. Previous
branching-ratio measurements, performed
mainly in heavy-liquid bubble chambers, have

iven results for the determination of
g(g = f_/f+) which are inconsistent with the
measurement of £ from polarization in K
A recent experiment by Auerbach et al. e
employing a spectrometer and spark chambers
similar to this experiment has given results
consistent with the bubble~-chamber results,
but still inconsistent with the polarization data.
To further clarify this situation and to reduce
the uncertainty in §, this experiment was per-
formed.

3¢

It is anticipated that the results of this
experiment will yield 22000 2» 6500 Kpp,
350 3» and 350 K, 3 decays. This will give
not only a more significant measurement of
£, but also a determination of the relative
branching ratic of Z/KrrZ which will add to
the reduction of the uncertainty of that number.

PION FORM FACTOR

Kenneth M, Crowe, Anthony Parsons,
and Anthony Fainberg

We are studying the m¥-He differential
elastic cross section in the region 50 to 90 MeV,
The primary aim of the experiment is to ob-
tain an estimate of the pion electromagnetic
form factor, and we are hoping to isolate the
electromagnetic interaction of the pion with the
helium nucleus by measuring the difference be-
tween the 7 and 7~ cross section., This dif-
ference arises from the Coulomb nuclear in-
terference term which has opposite sign in the
two cases.

A preliminary experiment last year in-
dicated the feasibility of the technique,and
analysis of that data is essentially complete,
We have now set up a beam at the 184-inch
cyclotron and, using an array of 46 range tele-
scopes, we are at present accumulating data.

The counters are linked to a PDP5 for
preliminary analysis. In general, the rates
and other factors are close to those envisaged
in the design, Initial results show that the in-
terference termvaries considerably inthe above

1, L. B. Auerbach, J. Mac G. Dobbs,
A, K., Marm, W. K. McFarlane and
D. H. White, Phys. Rev. 155, 1505 (1967).



energy range, and we hope to survey the region
completely. Calibration using pion-proton
scattering is a necessary part of this experi-
ment, but we also hope that any data will be

an improvement over existing 7p data in this
region. :

PIONIC X RAYS
Raymond Kunselman

Results on pionic x ray shifts and widths
have been ptéblished by D. Jenkins* and R,
Kunselman, © We have measured the 3d -~2p,
4f -»3d and 5g -+4f T-mésonic x-ray energies
and widths for a selection of isotopes from

UCRL-17544

=16 to Z = 94, Our objective was to meas-
ure shifts and widths of the pion energy levels
caused by the strong-interaction force of the
nucleus. We have combined the present da.ta
with earlier data3 to find pion-nucleon inter
action parameters and find fair agreement
with values predicted from pion-nucleon scat-
tering and pion production.

*Presently at Virginia Associated Research-
Center, Newport News, Virginia.

2, D. A, Jenkins and R. Kunselman, Phys.
Rev, Letters 17, 1148 (1966). -

3. D. A. Jenkins, R. Kunselman, M. K.
Simmons, and T. Yamazaki, Phys. Rev.
Letters 17, 1 (1966).

PUBLICATIONS

Kenneth M, Crowe and Robert E. Shafer
7.7-m Bent Crystal Spectrometer at the 184-
Inch Cyclotron, Rev, Sci. Instr. 38, 1 (1967).,

David A, Jenkins and Raymond

Kunselman, Higher Transitions in w-Mesonic
Atoms, Phys. Rev. Letters 17, 1148 (1966),
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NUCLEAR EMULSION GROUP

Harry H. Heckman in charge

TRAPPED PROTONS
AT LOW SATELLITE ALTITUDES

Harry H. Heckman

The scanning and measuring of emul-
sions recovered from polar-orbiting satellites
duringthe period of minimum solar activity
has been completed. Between September 1962
and June 1966 we have e€xamined the flux,
energy spectrum, and east-west asymmetry
of trapped protons with E > 58 MeV detected
over the South Atlantic. Data from 27 satellite
flights have been used in this work.

The most characteristic feature of the
trapped protons is ternporal stability. .Since
November 1962, the omnidirectional proton
flux at 65 MeV has been constant within a
standard deviation of #10%. This result is in
contrast with the calculated results of
Blanchard and Hess, 1 who have shown that
solar-cycle variations in the atmospheric
density should produce flux variations up to a
factor of two during this time. It is not now
clear whether the apparent lack of solar-cycle

. effects is real or has been masked by the non-
adiabatic redistribution that the protons suf-
fered at the time of the Starfish test, July
1962, This question should be resolved
shortly when our observations are extended
to cover the current period of increasing so-
lar activity -- a period during which the
greatest changes in the inner proton belt are
expected.

Because of the stability of the inner belt,
we are able to combine all our data to deter~-
mine the flux, east-west asymmetries, and
particle scale heights as a function of altitude.
We have concluded that these properties of the
trapped radiation are all explained by atmos-
pheric losses. The particle scale heights, H,
are defined by H-! = d(tn% )/dh, whereg is
the unidirectional flux normal to the magnetic
field line and h is the altitude. These heights
H are used to determine atmospheric scale
heights. Our measurements of atmospheric
scale heights are in good agreement with those
deduced from the model atmosphere of Harris
and Priester,

We find the omnidirectional flux J
varies with altitude as h*: 0.12 for
200 <h <450-km. The particle scale height
is thus given by H = h/4.84. The scale-heights

1. R. C. Blanchard and W, N. Hess, J.
Geophys. Res. 69, 3927 (1964),

2. 1. Harris and W. Priester, NASA
X-640-63-145, 1963.

determined by measuring the east-west flux
ratios are, within their errors, consistent
with this expression for H.

B-L SPACE AND GEOMAGNETIC
- FIELD MODELS

Harry H. Heckman and Peter J. Lindstrom

We have intercompared geomagnetic
field models in B-L space for B > 0.20 gauss
and L < 2.0 R, (earth radii). Three field
models were selected because of their general
usage in the analysis of trapped radiation data:
GSFC (9/65) (99 coefficient); Jensen and
Whitaker (512 coefficient); and Jensen and Cain
(48 coefficient). The geographic coordinates of
constant B-L trajectories were computed using
the 542 and 48 coefficient fields in both the
southern and northern hemispheres. At each
geographical point along the trajectories thus
defined, B and L values were recalculated
using different geomagnetic field models. We
find that variations in B-L space exist between
the 48 and 99 coefficient fields corresponding
to maximum differences of 500 < AB <1400y
and 0,03 < AL <0.05 R, mainly in the southern
hemisphere. This corresponds to maximum
differences in the proton flux by factors of 1.2
to 10 within the region of B-L space examined.
Between the 512 and 99 coefficient models,
maximum differences in the proton flux by
factors of 1,4 to 50 exist. Such differences
in the proton flux due to model-dependent
errors in B~L space demonstrate the need for
careful reevaluation of existing data that per-
tain to possible time variations of inner belt
protons.

APOLLO EARTH
ORBITAL EXPERIMENT

Harry H, Heckman

Because of the cancellation of the Apollo
205 mission, the trapped-particle experiment
S-16 has been postponed until a flight reassign-
ment can be made.

STOPPING-POWER DIFFERENCES
OF! 1* MESONS

Harry H. Heckman

The intensity of 7* beams available at
the 184-inch cyclotron during this report
period were judged to be of insufficient intensi-
ty to obtain a meaningful measurement of the
difference in stopging powers of low energy
(E~1to 2 MeV) ™" and 7" mesons via range-
difference measurements. Based on the few



UCRL-17544

-49-
measurements of this effect, we expect that ment in the emulsion so as to eliminate satura-
the ranges of 7 mesons at 1.65 MeV, i.e. tion due to high grain densities at the track
ranges of ~ 100p, differ by about 3%, This endings -- while maintaining sufficient sensi-
represents an average difference in ionization tivity to identify the sign of the charge of the
over this range, and it is therefore quite pos- stopping pion.
sible that at smaller ranges the rate of ioniza- e :
tion may be significantly greater than 3%. It We found that G-5 emulsion, processed
is technically feasible to measure differences isothermally at 5°C with a developer strength
in ionization of this amount in suitably proc- of 1/16 normal gave a satisfactory emulsion
essed emulsion, As an alternate experiment, for this experiment. Scanning has only begun,
then, we exposed a stack of nuclear emulsions but the initial results demonstrate rather
to about 10° 7t and 7" mesons to measure the clearly that dE/dx(w") is less than dE/dx(n™),
differences in the grain density, hence perhaps by as much as 5 to 10% for ranges
dE/dx, of w* mesons as a function of velocity. 210p. The difference in ionization appears to

diminish rapidly with range, Within the limits
A series of processing procedures were of our present statistics, no differences in
undertaken to decrease the amount of develop- ionization are observed for ranges > 504,
PUBLICATIONS

~ Harry H, Heckman, Note on the Mag-
netic-Moment Adiabatic Invariant for Particle

Motion in a Dipole Magnetic Field,
UCRL-417308, December 1966.
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Edward J, Lofgren in charge

DIBOSON PRODUCTION BY 2- TO
5- GeV/c PIONS

Alan R, Clark, Bruce Cork,
Tom Elioff, Leroy T. Kerth,
T. N. Rangaswamy,
W. A, Wenzel

This experiment is to measure the di-
boson spectrum up to masses of about 1800
MeV, The reactions to be studied include:

-n'+p-1r'+n++n

m +p-+K +K +n,
with incident pion momenta at 3, 4, 4.5, and
5 GeV/c. Several regions of particular in-
terest are the KtK™ spectrum in the vicinity
of the Y(1020 MeV) and the £° (1250 MeV), the
mtw” spectrum in the p region (700 to 800 MeV),
and the ntn~ spectrum around 1650 MeV, where
structure has been reported recently, * Initial
results from a prévious experiment by this
group? showed significant structure in the di-
pion spectrum near the p peak. This experi-
ment should increase the statistics in this
region considerably, and also provide better
measurement precision, Data collection
started in July 1966 and ended just a week prior
tothe Bevatron shutdown of December 4966. Ap-
proximately twomillion pictures were taken
divided fairly evenly among the four different
incident ¥~ momenta, Out of these we expect
to have at least 200 000 analyzable events; the
pictures are being scanned on SASS (Spark
Chamber Automatic Scanning System). Scan-
ning 24 hours a day, six days a week, the
system is being utilized to its fullest capacity.
The average scanning time is approximately
2 to 5 seconds per frame, depending on the
film. The first round of scanning of the data
at 5 and 4.5 GeV/c is almost complete, leaving
the 3- and 4-GeV/c data to be scanned. The
initial scan of the entire data is expected to be
complete by the end of June 1967,

The SASS output tapes contain informa-
tion on the data sequence, hodoscope informa-
tion for better definition of incident ™™ mo-
mentum, the spark coordinates for matched

1. CERN-Ecole Polytechnique Collaboration
and Orsay-Milan-Saclay Collaboration,

Phys. Letters 17, 354 (1965); Aachen-Berlin-
CERN Collaboration, Phys. Letters ﬁ, 351
(1965).

2. Carl M, Noble, Jr., Pion-Pion Inter-
actions from 77 p Collisions at 3 and

4 BeV/c {(Ph. D. thesis), UCRL-16655,
February 1966.

two-track events, and the coordinates for the
fiducials, The computer program for re-
constructing the tracks in three-dimensional
space starting out with the spark and fiducial
information is nearly finalized. The TRACK
program for determining the momenta of two
outgoing tracks is being modified to our
special case, thereby reducing both time and
core space on the CDC 6600. The reconstruc-
tion of tracks for the entire data is expected
to commence about May 15, 1967 and the mo-
mentum analysis should start about the end of
May.

MEASUREMENT OF THE
(K =eT + v) / (Kf = p* +v)
BRANCHING RATIO

Charles M. Ankenbrandt, Alan R, Clark,
Bruce Cork, Tom Elioff, Denis Keefe,
LeRoyT, Kerth, John F, McReynolds,

David Newton, and W. A, Wenzel

A spark chamber experiment has been
designed to measure accurately the KeZ/Kp.Z
branching ratio, Most of the equipment has
been constructed and is presently being tested,

SOO-MeV/c Kt's with a +2% momentum
bite will be degraded in beryllium and stopped
in a target of polyethylene (CHj;) approximately
5 in, from the median plane and on the axis of
the M5 - Mark Il magnet. The magnet field is
shaped by the pole pieces and current config-
urations such that particles of the momentum
range 230 to 247 MeV/c are focused to a region
near a symmetric point on the magnet axis on
the other side of the median plane. Focusing
for other momentum ranges is being studied,
The magnet will have 0.4 of 47 solid angle,
giving approximately three K_, events per
hour at the predicted branching ratio, and
giving 1000 to 1500 total events in the 500-

h run,

Before triggering the spark chambers,
particles will be momentum-analyzed by a
double hodoscope of scintillation counters,
one set at the outer range of particle orbits,
the other near the axis to detect particles at
both ends of the orbit. Velocity discrimina-
tion will be done by a 300-psi ethane-gas
Cerenkov counter surrounding the target, and
further muon and pion rejection will be made
by having particles terminate their orbits in a
lead cylinder in which electrons will lose far

more energy due to bremsstrahlung, All of
the scintillators have been constructed and
most have been tested, Preliminary tests



have been made on the Cerenkov counter,

but because cosmic-ray fluxes are low,
testing will have to wait for a parasitic beam
from the Bevatron. As a further muon re-
jector, there will be a requirement that only
two of the inner hodoscope scintillators give

a count, because 235 MeV/c muons have
some probability of passing through both walls
of the lead absorber, The four rejection sys-

tems should keep triggers down to a tolerable.

level. Momentum will be analyzed and events
rejected accurately by scanning spark cham-
ber film,

Success of the experiment will depend
mainly upon rejection of K-+pv, which is ex-
pected to be mzre frequent than K - ev by a
factor of 4X10 It is estimated that the 5
combined muon re_)ection will be at least 407,

The experiment will measure the elec-

tron spectrum from 220 to 247 MeV/c (228
MeV/c is the Ke3 end point), which may in-

~ clude some events of the type K -+ evy, where
the y ray has high energy, i.e., other than
bremsstrahlung, Lead-scintillator y counters
covering 0.3 of a 47 solid angle combined
with the Kqp measurement should give some
y-ray angular and electron energy-spectrum
information on this decay, which so far has
not been observed, In addition to the K +ev
branching ratio, the 10%-momentum-bite
focusing properties of the system make pos-
sible precise measurement of the K;»/K, >
branching ratio. There is presently a 4%
discrepancy between measured values of this
ratio,

‘NUC LEON—NUCLEON TRIPLE SCATTERING

C. M. Ankenbrandt, D. Cheng, *
Leroy T. Kerth, K, C. Leung,
and Pamela Surko

An experiment has been scheduled for
September at the 184-inch cyclotron to meas-~
ure the triple~scattering parameters D
R12 and R* (12) for the pP-pP, n-p, and p-n sys-
tems, The experiment will use a polarized

"Member, Moyer-Heimholz Physics Group.
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neutron (proton) beam of known energy pro-
duced by scattering the cyclotron external
proton beam on a deuterium (hydrogen) tar-
get at 15 to 30 deg in the laboratory system,
to give incident kinetic energies of 550 to

670 MeV, These polarized nucleons will be
scattered on deuterium or hydrogen, and the
polarization of the outgoing proton or neutron
analyzed in carbon,

Magnetostrictive spark chambers and
a superconducting solenoid are the major
items being designed and fabricated for. this
experiment,
NEUTRAL LEPTONIC CURRENTS

Charles M. A.rikenbrandt, Alan R. Clark,
Bruce Cork, Denis Keefe, Leroy T. Kerth,
David Newton, and W. A, Wenzel

The possibility is being explored of de-
tecting muon or electron palrs produced by
the decay of _the long-lived K +pt +p” or
K‘]’_‘ —+et+ e”, The bra.nchlng ratio may be as
low as 10-8, so a large-solid-angle detection
system with a very good trigger is required to
discriminate against other decay modes. A
large magnet would be used to analyze the
secondaries. Spark chamber detectors with
a range requirement on the muons would help

* to reduce background,

SEARCH FOR MASSIVE PARTICLES
IN COSMIC RAYS

Bruce Cork

An experiment has been completed in
collaboration with a University of Michigan
Group and a University of Wisconsin Group
to detect long-lived particles that might be
produced in the upper atmosphere. The ex-
periment, sponsored in part by the NSF, AEC,
NASA, and ONR, was conducted at Echo Lake,
Colorado, 10600 ft above sea level,

A paper is nearly prepared giving the
results of the measurements, The experi-
ment was sensitive for energetic particles
having a mass of 5 to 15 GeV. After 1500 h
of operation with an aperture of 0,78 m“-sr,
only one anomolous event was found., This
represents an upper limit to the flux of these
particles of approx1mate1y 10-10(cm&sec-sr) 1,

PUBLICATIONS

C. M, Ankenbrandt, Nucleon Isobar
Production in Proton-Proton Collisions from

3to 7 GeV/c (Ph. D. Thesis), UCRL-17257,
December 1966,
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Burton J. Moyer and A, Carl Helmholz in charge

p -CAPTURE y-RAYS
Selig N. Kaplan

In connection with our investigation of
the role played by giant resonances in the p~
capture process, a preliminary experimental
run has just begun at the 184-inch cyclotron.
Set up and running parasitically behind a low-
energy T experiment, we are able to stop
1000 p” per sec in a thick target (4 by 4 in,
by 5 gm cmZ). This stopping rate will be
ample to allow efficiency calibration of our
Li-drifted-Ge yspectrometer with p-mesic
X rays, but will probably not be sufficient to
allow a detailed study of nucleon y-ray spec-
tra. A high-intensity run with beam control
is planned in the fall,

-rr'p -+ 790 POLARIZATION EXPERIMENT
Thomas Risser

This experiment has been dropped from
the Bevatron schedule and postponed indef-
initely, The equipment is largely completed
and is being stored at the Howard Terminal.

p-He> POLARIZATION FROM 10 TO 20 MeV

W. F. Tivol, P, J. Clark, H. E. Conzett,
J. S. McKee, and R. J. Slobodrian

Data processing is still in progress.

COMPARISON OF THE LIFETIMES OF
POSITIVE AND NEGATIVE PIONS

David S, Ayres, David O, Caldwell,
Allan W. Cormack, Virgil Elings,
Arthur J. Greenberg, Robert W, Kenney,
and Rollin J. Morrison

Since last October equipment has been
built and tested for use in the new experi-
ment, In particular, considerable effort has
been devoted to:

(a) Developing techniques for assembling
the flasks of both liquid hydrogen Cerenkov
counters, including construction of satis-
factory cylindrical and 45-deg mirrors used
inside the flasks.,

(b) Monitoring the temperature and other
operating conditions in the flask of the moni-
tor liquid-hydrogen Cerenkov counter for
long periods. : o

(c) Building, testing, and rebuilding wire
spark chambers for the beam finder and the
magnetic spectrometer.

(d) Development of the nuclear-magnetic-
resonance technique for monitoring the

bending-magnet fields at distances of over
100 ft. '

Setup of the beam for the new experi-
ment has been started at the 184-inch cyclo-
tron, and wire orbiting is now in progress,

- 4
7 + He INTERACTIONS

L. Kaufman, V, Perez-Mendez, S, Williams,
B. Gauld, and J. Sperinde

The experiment was completed
February 17, 1967 and a month and a half was
spent in completing the analyzing program.

All T events are analyzed now, and
we expect to complete work on the proton
spectrum with a month. This is to yield evi-
dence on the final state of the neutrons in the
™ + He4—>p+ 3n,

Work on the =t spectrum has just
started, and we expect to have all of our data
by June. This reaction involves double charge-
exchange for the pion,

HELIUM-FILLED WIDE-GAP
CHAMBER PROJECT

A. Stetz, V.. Perez-Mendez,
and J. Sperinde

We are using a wide-gap streamer
chamber to study the effectiveness for polari-
zation analysis of helium for 70- and 80-MeV
protons. Using the low energy proton beam at
the 184-inch cyclotron as described in the pre-
vious report, we have photographed 50 000
p-He events. These events are being measured
on the TRAMP scanning and measuring tables.
Analysis programs have been written to calcu-
late the polarigation and differential cross
section as a function of angle from the
TRAMP output. Eventually 200 000 frames
will be scanned, This will result in 5000
events at 70 and 80 MeV.

m°7°n EXPERIMENT

Thomas Risser and Richard D, Eandi

In collaboration with some members of
Alvarez Group at LRL, we are now preparing
a spark-chamber experiment at the Bevatron
to study the reaction m"p + nn°n® between 1.5
and 2,5 GeV/c. The principal purpose of the
experiment is to analyze the w/n° system in a
search for scalar mesons and to measure the
m-7 phase shifts.



Other goals are to measure the
branching ratios of the neutral decay modes
of the n{550) and «(783) mesons from the re-
actions 7T°p -+nn(550) and T p - nw(783), re-
spectively,

The reaction will be identified by detec-
ting all the final-state particles. The detec-
tion equipment will consist of a set of very
large spark chambers to detect y rays and a
set of neutron counters to measure neutron
time of flight from the liquid-hydrogen target
at all polar laboratory angles from about 20
to 80 deg with respect to the incident beam
direction, The spark chambers are between
seven and eight radiation lengths thick and
form five of the six faces of a cube with the
target at the center, so that the solid angle
for detection of y-rays is large.

According to the present Bevatron
‘schedule, the setting up of the equipment at
the accelerator is to begin in October with
the experiment then to start about 2 to 3
months later, Twenty-five periods of
Bevatron time have been allotted for tune-up
and 40 periods for taking data. In this run-
ning time we anticipate collecting about 8000
events of the desired type to study peripheral
production.of the diboson 7'm°® system, :

° 0 0
KL - T+ W
D. Cheng, R. Eandi, A, C, Helmbholz,
R. W. Kenney, I. Linscott, W. Oliver,
S. Parker, C. Rey (LRL);
D, Caldwell, (UCSB);
.R. Cence, B. Jones, V., Peterson,
V. Stenger (University of Hawaii)

Analysis of 22000 frames taken with the
triggering set for neutral decays gave three
events satisfying all criteria for the decay
K{ - 27°, With an assumed branching ratio
KY, - 27°/K}, -+ 37° = 1,9X10-3, an average
of about five such events would be expected in
such a.sample. From the data taken so far,

“the number of 37° events giving four showers
and not satisfying the kinematics does not
appear to be serious, although of course the
number of events is far too small to show a
peak due to 21’ decay and thus substantiate
this. These data correspond to about 8 h of
running time at our expected beam level (20%
of the internal beam) and is about 1/3 of our
total data, Most data were taken at reduced
beam levels (1 to 3% of the internal beam) to
prevent interference with experiments having
presently higher priorities.

A change in the method of triggering
the chambers for neutral decays has been
tested for use when running at higher beam
rates where we will be limited by camera
speed. It will reduce spurious triggers by
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nearly a factor of two, while reducing our

Ki - 2m° triggering efficiency by a factor of
only 0.8, The spark-gap high-voltage re-
covery time has also been reduced to 80 msec
in anticipation of the higher beam.

The large fraction of four shower K de-
cays seen (10% of all decays compared to a
Monte Carlo calculation of 2% expected) are
now essentially understood. Much of it comes
from a number of 1% and 2% effects that were
not included in the first version of the Monte
Carlo program, such as showers from
K =37’ decay that begin and end within the
triggering counters. (We detect such events,
for instance, when a data light indicates the
counter triggered and no shower satisfying our
minimum criteria is found near it.) These
first Monte Carlo results are in adequate
agreement with the data on five- and six -
(visible) shower events from K - 3n® decay,
and a more detailed and accurate program is
planned for final comparison with the data.
Work is continuing on analysis programs,
Monte Carlo programs, and programs to
analyze the K} — mtn-n’ events that will be
used in measuring the Ki flux and energy
spectrum, the gamma-detection efficiency,
and the angular accuracy of measured gamma
directions, '

Preliminary calculations have been com-
pleted to see if the phase of ngg could be de-
termined by rsleasuring the intensities from
interfering Ki,'s and regenerated K%'s. Fur-
ther time on the amplitude measurement will
be necessary before a reliable answer can be
given,

Ke4 EXPERIMENT
B. Gauld, V, Perez-Mendez,
and V., Z. Peterson

Design work on this experiment has
progressed in the following areas
(a) Two alternative K beams have been con-
sidered in detail for the experiment. The
possibility of using a wedge-shaped energy
degrader to narrow down the momentum
spread of the K mesons entering the magnetic-
field region in which the decays occur looks
promising and may produce a K decay rate
50 to 100% higher than the more conventional
beams,
(b) Model tests on the aluminum-plated Mylar
cylindrical spark chambers are underway pre-
paratory to constructing the whole spark-
chamber array.
(c) Various Monte Carlo and multiple-scat-
tering calculations have been done to evaluate
the errors in the momentum analyses of the
decay pions and electrons needed for the kine-
matic reconstruction of the events.,
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SLAC EXPERIMENT

A. Boyarski, F. Bulos, R. Diebold,
R. Larsen, D. Leith and B. Richter (SLAC);
L. Kaufman, V. Perez-Mendez
and A, Stetz (LRL)

Four spark chambers and their associ-
ated triggering equipment have been sent to
SLAC for a preliminary run to measure the
momentum spread and background of the
8-GeV monochromatic photon beam produced
by positrons at end station B (SLAC).

The chambers and the readout electron-
ics have been connected to the 1800 IBM com-
puter on-line. Tests on the whole system
using muons at end station B from another
target available upstream have shown that so
far the data storage, on-line monitoring dis-
play, and momentum-analysis programs are
now in working order.

An additional phase of this experiment
has been submitted to the SLAC scheduling
committee, This request for extra running
time is for the purpose of measuring the
yield of £® mesons produced specifically by a
diffraction mechanism involving the exchange
of a Pomeranchon. This process, if it occurs,
is an electromagnetic C-violating mechanism,
and hence is of current interest.

Since the equipment, beam, layout, and
personnel are identical with those involved in
the p°, ¢° experiment, this additional time is
expected immediately after the original ex-
periment is completed.

MAGNETOSTRICTIVE READOUT
DEVELOPMENT FOR SPARK CHAMBERS

V. Perez-Mendez and Ronald Grove

Methods for improving the multiple-~
spark readout efficiency by limiting the spark
currents are being tested. The residual mag-
netic properties of the Fe-Co alloys we use
for the readout are also being checked for use
with the smaller spark currents thus avail-
able in multiple-spark events.

The uniformity of response of the large
spark chambers such as we are using at
SLAC has been improved by the addition of
aluminum-plated Mylar sheets placed close
to the chamber wires. These sheets charge
the chamber's capacity directly and mini-
mize the interference of the series inductance
of the wires., Further improvement is obtained
by the use of artificial-delay-line-shaped volt-
age pulses which can be used satisfactorily
with these modified chambers,
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Wilson M. Powell and Robert W. Birge in charge .

EXPERIMENTAL STUDY OF Key DECAY
Powell-Birge Group

The scanning and measuring of the Key
events in the Berkeley portion of the film is
now complete. Our collaborators in London
and Wisconsin have also virtually completed
their scans. We expect approximately 300
events of which data on 241 were presented
to a Conference of the British Physical Society
held in London in April by our collaborators
at University College, London,

Our conclusions, based on more events
than in the last Semiannual Report, are es-
sentially unchanged, the only difference being
that we are beginning to see a significant vec-
tor contribution to the interaction which was
not so apparent with the smaller number of
events. The significance of this will have to
await more detailed analysis, '

©'p INTERACTIONS IN THE MOMENTUM
INTERVAL 1,3 THROUGH 1.7 GeV/c

Powell-Birge Group

In November and December we took
approximately 130 000 pictures of mTp in the
72-inch chamber. These were taken at three
energies: 50000 pictures at 1.34 GeV/c,
40000 at 1.445 GeV/c, and 40000 at
1.685 GeV/c. This represents just under half
of our original request, the rest being sched-
uled in the 25-inch chamber.

This film has been completely scanned
and measured for all associated production
events (a total of approximately 6000}, All
four-prongs (approximately 15000) have also
been scanned and measured, and about one-
sixth of the two-prongs (15000) have been
measured.

Analysis of the data is still in a prelimi-
nary state. :

n'p INTERACTIONS IN THE MOMENTUM
INTERVAL 2.9 THROUGH 4.3 GeV/c

David G. Brown, Robert W, Birge,
Robert P, Ely, George Gidal, "
and George E. Kalmus

We are making a detailed analysis of 1T+p
four-prong interactions between 3 and 4 GeV/c
incident ™ momentum. Of particular interest
are N**p? N*+w®, and other quasi-two-
body final states. T-channel effects seem to

dominate at these energies, as shown by the
exponential shape of the momentum- transfer
distribution, A ''dip'" behavior near t = - 0.4
has been observed for N¥t*p? similar to that
observed in elastic scattering, and the forward
peak appears to shrink with increasing incident
momentum. For the much shallower N*t+w®
distribution, a dip is indicated att = - 0.8, and
a backward peak is evident. The t dependence
of the density matrix elements seems in basic
agreement with peripheral-model predictions,
although there are some discrepancies. The
cross sections for these reactions are being
studied and means sought to identify s-channel
effects, especially from the T = 3/2 nuclear
resonance, N¥(2850).

THE REACTIONS K n+AT  AND K p-~Amw®

Robert P, Ely, George E, Kalmus,
and Wesley M. Smart

We are trying to extend the partial-wave
analysis from our data in the energy region
1660 through 1900 MeV? to the data of Wohl,
Solmitz, and Stevenson (1900 through 2100
MeV). 2 Preliminary results indicate that we
can obtain more precise information on the Yi"
resonances in the higher energy region.

K n AND K d ELASTIC SCATTERING
George E. Kalmus and Nathan Jew

Scanning and measuring for K d elastic
scattering have essentially been completed,
and the data are being analyzed. Efforts are
continuing to scan for long protons in order to
study the effects of double scattering on the
K™n elastic data.

K p -AT® AND K_p-’Kon
Robert P. Ely and James Louie
A Lifetime

With improved statistics over those of
the previous Semiannual Report, our hydrogen
data (13000 events) for the reactions
K p~+ At and Kp - Arntn" yield a lambda
lifetime of 2.62%0.03, and our deuterium data
(8700 events) for the reactions K'n—+A7" and
K n—+A(n7 yield 2,57+0.03, in units of 10-10

1. W. M. Smart, A. Kernan, G. E, Kalmus,
and R, P, Ely, Jr., Phys. Rev. Letters 17,
556 (1966). .

2, C. G, Wohl, F, T. Solmitz, and M., L,
Stevenson, Phys. Rev. Letters 17, 107 (1966).
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sec, Combining the samples gives
TA = (2.6020.02)X10710 sec.

Absorption Model

The Yj (1765) and Y (1815) are s-chan
nelresonances in K™p interactions, and cal-
culations have begun to see if a peripheral
model with absorption will explain the back-
ground an_}glitudes when the final states are
AT and K'n.

Kp~ATw
Jack S. Sahouria

In the last Semiannual Report the

. method of analysis was discussed briefly. If
we assume that K'p - Y*(1385) + 7, then
Y*1385 -Am., A computer program has been
written to calculate Dalitz-plot density for the
above process, incorporating base symmetry
under exchange of pions, and the interference
effects of I-spin states. The Dalitz plots are
calculated for different LL'J separately,
where L is the initial partial wave in the
K™p system, L' is the orbital-angular-mo-
mentum state in the Y*m system, and J is the
total angular momentum. By fitting the data
to a series of contributions (to Dalitz plots)
from the above (LL'J) waves, one can as-
certain I-spin content and the partial waves
contributing to the above process. A program
to do this fitting has been written and the
process of fitting is in progress.

In the calculated plots discussed above
one sees that the interference (Y*tm-, Y*-nt)
has a sizeable effect on the mass position of
Y *(1385) and its resonance shape. It is very
likely that this is the reason that previous
measurements of Y *(1385) mass have been
different from one another by as much as
5 MeV or more.

.'.r.

Kp—Z%n" AND Kn -+Z "7

Robert B, Bell

We are carrying out a partial-wave
analysis on a sample of 4500 =*w~, 3500 Z~nt,
and 500 =™ 7P events in the K"N center-of-
mass energy range from 1700 to 1850 MeV.

In addition to the well-known Y{(4820), the
data require the presence of a new Dg 1=0
resonance with a mass of 1830 MeV and a
width of 65 MeV, We will also be able to
make some statements about other S = - 1
isobars in and near our energy region.

3. A. H. Rosenfeld, A. Barbaro-Galtieri,
W. J. Podolsky, L. R. Price, P. Soding,
C. G. Wohl, M. Roos, and W, J., Willis,
Data on Particles and Resonant States,
UCRL-8030 Rev, Pt.I, January 1967,

Scanning and measuring is now in progress
with the aim of doubling the number of
K p-+Z%nT events.

EXPERIMENTAL STUDY OF Ke3 DECAY
George E. Kalmus and Anne Kernan™

This work has been reported in ("Experi-
mental Study of K* = n° + et + v Decay, "
UCRL-17351, and will be published in the
Physical Review.

ELECTRONS IN HEAVY-LIQUID
BUBBLE CHAMBERS

George E, Kalmus and Daniel F, Kane

We have studied the effects of radiation
energy loss, ionization energy loss, and
multiple scattering of intermediate-energy
(5- to 500-MeV) electrons in heavy liquids.

A computer program was written to generate
electron tracks in heavy-liquid bubble cham-
bers to determine detection efficiency and the
correctness of the Behr-Mittner formula for
determining electron energy. The latter was
found to be good if a correction for ionization
loss is added, but it is hoped that the electron
program can be used to determine amore
efficient method.

K67 BEAM DESIGN

George E, Kalmus, Danield F. Kane,
and Perry S. Shers )

An all-purpose beam for the 25-inch
chamber is essentially designed and the manu-
facture of components has begun. This is a
collaborative effort between the above mem-
bers of the Powell-Birge group and John
Kadyk, Ralph Butler, and Donald Coyne of the
Trilling-Goldhaber group. The parameters
of the beam are given in their section of the
Semiannual Report.

sk
Now at Stanford Linear Accelerator Center,
Stanford, California.
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DATA REDUCTION
Robert W, Birge and P. Wes Weber

Summary of Scanning and Measuring

With an average of 25 (full-time equivalent) visual-measurements personnel, the following
data reduction was accomplished in the past six months:

SCANNING

Bubble chamber Beam

ExBeriment No.

Number of frames

Conventional system

158203

32 25-inch hydrogen 850 to 1150 MeV/c K
34 25-inch deuterium 850 to 1150 MeV/c K~ 313743
36 . 72-inch hydrogen 3.3 GeV/c w © 87410
37 72-inch hydrogen 3.7 GeV/c wt 83487
38 ~ 72-inch hydrogen 3.5 GeV/c ' 71 283
© 39 v 72-inch hydrogen 3.9 GeV/c n' 36 405
40 72-inch hydrogen 3.9 GeV/c mt ) 100900
42 72-inch hydrogen 1.68 GeV/c " 99195
43" - . 72-inch hydrogen 1.4 GeV/c m' , 87 654
44 . 72-inch hydrogen 1.35 GeV/c =" : . 70345
o ' Subtotal 1108295
FSD system
32 _ 25-inch hydrogen 850 to 1150 MeV/c K~ 28334
36 72-inch hydrogen 3.3 GeV/c wt ' 950
37 72-inch hydrogen 3,7 GeV/c w' 2139
38 - 72-inch hydrogen 3.5 GeV/c n' 661
39 72-inch hydrogen 2,9 GeV/c " 508
40 72-inch hydrogen 3.9 GeV/c = 2411
4 72-inch hydrogen 4.1 GeV/c " 886
42 72-inch hydrogen 1.68 GeV/c " 24522
43 72-inch hydrogen 1.4 GeV/c " 39579
44 72-inch hydrogen 1.35 GeV/c 7" 33033
Subtotal _133023
Total 1241318
MEASURING
Measuring Number of Events per
hours events measuring hour
Conventional System (two measuring microscopes, * two MP1-type Franckensteins)
4985 22195 4.5
FSD System (two SP5B-type image-plane digitizers)
.. 3005 48 980 16.3
Total 7990%%* 741175 8.9

One measuring microscope out of service 3/15/67 to go on-line to COBWEB data reduction

system to be completed 5/15/67.
>;It_ncludes training time,
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Computer-Controlled
Data Reduction System (COBWEB)

The first stage of the COBWEB system
being built to attach measuring machines
on-line to the IBM 7044 is nearly completed.
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The electronics for the first machine and the
entire interface have been built and debugged
and the main logic program is now being
tested, The parts for the second, third, and
fourth machines are on order, and wiring
will start soon.
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UCRL-17544

PHYSICS RESEARCH

Emilio Segré and Owen Chamberlain in charge

m-MESIC ATOM X-RAY EXPERIMENT

Raymond Kunselman, Clyde Wiegand,
and David Weldon

Work on m-mesic atoms is continuing at
the cyclotron, The purpose of the experiment
is to measure the number of T-mesic x rays
produced by pion transitions between the
Bohr-like orbits, per pion stopped in the tar-
get. Several representative elements are
being used for targets, and all transition
lines between 26 and 300 keV are being in-
vestigated, The present data will be com-
bined with previous data obtained over a
higher energy range. From the data, the
initial capture distribution of the pion in the
atomic states about the nucleus, and the pion
cascade down through the Bohr-like orbits
will be deduced,

STUDY OF K™ = n" + 2y

Min Chen, David Cutts, Martin Deutsch, *
Peter Kijewski, Rae Stiening,
and Clyde Wiegand

We have used the data from our Kus
experiment to search for the decay
K* = 7t + 2y. It has been proposed from
time to time that K and n decays go through
a ¢ (07) meson intermediate state, If this is
so, the experimental observation of the large
branching ratio for = 7° + ¢ - 2y would
imply thit one should observe the decay
mode K' - ¢ + 7T, ¢~ 2y. A simple model
predicts that the branching ratio for this de-
cay should be 0.4 %.

On the basis of an analysis of 1OZo of our
data, we can set an upper limit of 10~% on the
branching ratio for this decay. This rate is
less than one-tenth the rate expected from the
0 model,

MEASUREMENT OF K -MESONIC X RAYS
FROM Li, Be, B, ANDC

Clyde E, Wiegand and Dick A, Mack

When K -mesons stop in matter, x rays
are emitted as the mesons cascade into nu-
clei. We measured the energy and yield of
several x-ray spectral lines from the light
elements,

*Present address: Massachusetts Institute
of Technology.

1. C. E, Wiegand and D. A. Mack,

Phys. Rev. Letters 18, 685 (1967).

A more comprehensive experiment is
being planned with emphasis on the use of K~
mesons as probes of the nuclear surface, as
suggested by Denys Wilkinson in the riew
journal Comments on Nuclear and Particle
Physics. 4 We will also try to observe energy-
level shifts due to perturbation of the orbits
by Kaon-nucleon forces.

PROTON-PROTON AND PROTON-NEUTRON
INTERACTIONS AT 6 GeV/c

P. Condon, W. Chinowsky, W. Gage,
R. Kinsey, S. Klein, M, Mandelkern,
P. Schmidt, and J. Schultz®

A paper on the three-body strange parti-
cle events in the proton-proton film has been
prepared and will be submitted to the Physical
Review within a few days, The four- and five-
body strange-particle analysis is showing in-
teresting preliminary results. In particular,
we find a strong enhancement in the region of
the proposed k meson (723-MeV K1) which we
have not been able to account for via kine-
matic reflections.

Analysis of the four and five body non-
strange-particle events is in its final stages,
We feel it is possible to interpret much of
this data in terms of quasi-two-body final
states with cascade decay of higher N¥'s,

Such an interpretation is complicated however
by the difficulty in making unambiguous assign-
ments of the pions to various stages of decay.

We are presently engaged in a program
of rapid measurement of two-prong events in
the proton-proton film, We have preliminary
indication that the N*(1400) is present in the
three-body events, and we are accumulating
statistics on this channel.

The first scan of the proton-deuterium
film for strange-particle events has been
completed, but only an insignificant amount
has been measured, since we feel the two~
prong proton-proton work is more interesting
at present, The non-strange-particle events
in proton-deuterium are being measured on
the FSD. Some necessary computer-pro-
gram modifications have been completed, and
we will start getting the results of kinematic
fitting on these events within a few weeks.,

2, Denys Wilkinson, Comments Nucl,
Particle Phys. 1, 36 (1967).

Present address: University of California,
Irvine, California,
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A second exposure of protons on deu-
terium, but at 8 GeV/c, is being made now
at the Brookhaven 80-inch bubble chamber.
The film from this exposure will be shared
with the group at the Irvine campus of the
University of California. This exposure will
total about 75000 pictures.

PHASE-SHIFT ANALYSIS OF m¥p
ELASTIC-SCATTERING EXPERIMENTS

Claiborne H. Johnson, Jr.,
Owen Chamberlain, Paul D. Grannis, *
Michel J. Hansroul, ! and Herbert M. Steiner

The phase-shift analysis of ﬂip elastic
scattering begun in 1966 is still in progress.
There are two main aspects to this work:

(2) Search for sets of phase shifts
which reproduce the experimental observa-
tions, This is done by starting with a set
(or possibly sets) of solutions obtained at
lower energies and then continuing these solu-
tions up with energy. The program MINFUN
has been adapted to make rough quick
searches involving rather extensive portions
of the phase-shift space. More complete and
precise determination of the phase shifts is
subsequently made by use of the program
VARMIT. In making these searches we rely
heavily on the recent T*p polarization data
obtained by our group.

Substantial progress has been made in
this part of the analysis, Satisfactory fits
have been made to the data at 17 energies
from 500 to 1300 MeV, and a number of es-
sentially different solutions obtained at each
energy. From this collection of solutions
one can select a sequence that exhibits reason-
-ably smooth behavior with energy. This se-
quence is in qualitative agreement with pre-
vious analyses by other groups,

(b} In conjunction with the search for
phase-shift solutions we are investigating
problems associated with uniqueness of these
solutions. In particular we are concerned
with possible ambiguities, and we are studying
ways of eliminating them,

*
Present address: State University of
New York, Stony Brook, New York.

TPresent address: CEN-Saclay, Essonne,
France,
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POLARIZATION IN 7' p AND 7 p ELASTIC
SCATTERING FROM 250 TO 410 MeV

William Gorn, Charles C. Morehouse,
Thomas M. Powell, Peter R. Robrish,
Stephen Rock, Stephen Shannon,
Herbert M, Steiner, and Howard Weisberg

Data taking, using the polarized proton
target, was completed in mid-April, 1967.
The data are being analyzed to find the polari-
zation parameter at four energies for the angu-
lar region 70 5 6., y, <180 deg. Subsequent
analysis will determine phase-shift solutions
in this energy region, hopefully unambiguously.
An attempt will be made to use the solution(s)
thus found to reduce the number of solutions
that have geen found at higher (Bevatron)
energies.

A preliminary phase-shift analysis at
310 MeV allowed us to choose unambiguously
between the existing solutions. The measured
polarization parameter for 7tp elastic scat-
tering is in good agreement with the Lovelace
Bareyre phase-shift predictions, but a few
degrees change in these solutions is required
to obtain agreement with the measured 7 p
polarization parameters.

POLARIZED-PROTON
TARGET IMPROVEMENTS

Owenr Chamberlain, Herbert M. Steiner,
Howard Weisberg, and Gilbert Shapiro

One of the most suitable target materi-
als now seems to be a mixture of ethyl alcohol
and water, doped with a free radical. Proton
polarization of 35% has been obtained in a
field of 25 kG. This material is advantageous
whenever the target is required to be thin as
measured in radiation lengths.

An alcohol target is expected to be
fairly resistant to radiation damage, though
tests of this property must be made before it
will be reasonable to use such a target in a
strong electron beam, such as that at SLAC.

A magnet and horizontal cryostat are to
be constructed. The magnet should give good
field homogeneity over the target material at
an operating field of 25 kG, and such a magnet
is being designed. It is intended that a reason-
able large equatorial opening angle should be
available--about 26 deg--to allow counting
scattered particles over a large solid angle.
The cryostat is being considered. It may be
of the type designed by P. Roubeau of the

3. See M. J. Hansroul et al., in PDSR,
UCRL-17282, January 1967, p. 49.
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Saclay laboratory in France. Such a design : . Work is still in progress toward
offers the prospect of cost savings through stabilizing the magnetic field and micro-
lessening of the amount of liquid helium con- wave frequency. Initially, the frequency will
sumed in the operation of the target, al- be measured rather than .automatically cor-
though some effort would be needed to get . rected. If improvements in performance
design and operation experience with the warrent automatic stabilization, that feature
rather sophisticated Roubeau design. will be added in the future.
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PHYSICS RESEARCH

Howard A. Shugart in charge

ATOMIC BEAM GROUP

The Atomic Beam Group continues-to
devote the major portion of its effort toward
the systematic measurement of atomic and
nucleayr properties of radioactive isotopes,
This research furnishes knowledge of parame-
ters such as the nuclear spin, the electronic
angular momentum, the nuclear multipole mo-
ments, the electronic gj factor, the hyperfine
interaction energy between the nucleus and
electrons, and other more intricate interac-
tions. In the long run these properties are
used as input information in the evaluation of

" atomic and nuclear theories and also provide
valuable starting points for nuclear spectro-
scopic studies. All techniques employed in
this work involve systems in which the atom
is essentially unperturbed by neighbors, as
in the atomic beam method, or the atom is
subjected to infrequent collisions, as in the
optical-pumping or electron-impact excitation
methods.

Owing to the relative simplicity of the
system under study, interpretation of results
assumes a particularly unambiguous form,
This, coupled with the sensitivity of these
methods makes studies of rare radioactive
species a productive endeavor.

Beyond the measurement efforts, the
group explores new techniques which hold
promise of revealing better understanding of
physical laws and tries new applications of
our standard methods. Along this line,
Calaprice, Commins, Dobson, Gibbs, and
Wick have recently completed a study of time-
reversal invariance in the beta decay of 19Ne,
utilizing an atomic neam, decay-in-flight
apparatus.

1, ¥. P. Calaprice, E. D. Commins,

H. M. Gibbs, G. L. Wick, and D. A. Dobson,
A Test of Time-Reversal Invariance in the
Beta Decay of Nel9, UCRL-17477, March 31,
1967; Phys, Rev., Letters 18, 918 (1967).
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PHYSICS RESEARCH

George H. Trilling and Gerson Goldhaber in charge

The experimenters involved in this work are Roger W. Bland, Michael Bowler, * Ralph
Butler, Jonathan Chan, Donald Coyne, Alex Firestone, Chumin Fu, Peter Gaposchkin, Gerson
Goldhaber, Sulamith Goldhaber, ** Alan Hirata, John Kadyk, Jimmy MacNaughton, Yona Oren,T
Bertram M. Schwarzschild, Victor Seeger, Benjamin Shen, George Trilling* and Charles Wohl,

Kg INTERACTIONS AND DECAYS

Work has continued on the low-energy

K% experiment, an exposure of the 25-inch
hydrogen bubble chamber to a pure K beam
with a momentum of about 250 MeV/c, About
400 000 useful photographs were obtained,
with an event seen about every seventeenth
frame.
Kg Decays

Using the bubble density of the second-
ary particles, we have carefully examined a
subsample comprising about 20% of the total
data, in order to identify the principal decay
modes. These events will be used to check
performance of automatic flying-spot-digitizer
(FSD) measurement of bubble density on the
remaining 80% of the sample. We expect that
this analysis will yield detailed results on the
branching ratios and absolute decay rates for
charged decay modes, as well as distributions
in the various modes,

An analysis based on more than 500 K°
decays shows that the K°, form factor is coh=
sistent with no energy dépendence, with as
small a statistical error as any previously re-
ported. This result disagrees with certain
other K°, experiments. Our total sarnpled,
with mahy times our present number of K
decays, should yield a very precise resulf.,
(JK, JC, DC, YO, BCS, GHT)

Kgp Interactions

The entire sample of interactions has
been measured, and analysis of K9 charge
exchange, Kop -K+n, has begun. Z’I‘his, it is
hoped, will yield an improved result for the
S=+1, I=0 scattering length, Several
hundred events are expected. Analysis of the
entire sample has also begun at about 2400
interactions yielding a V.{(JK, GT, YO, GG, SG)

+
K'p AND K'd INTERACTIONS FROM 860
TO 1580 MeV/c

We have film, taken in the 25-inch bub-
ble chamber, in hydrogen at 860, 910, 960,
1080, 1280, 1360, and 1580 MeV/c, and in
deuterium at 860, 960, 1200, 1360, and 1580
MeV/c. These momenta span the region of

the peaks observed by Cool et al, 1 _one in the
I =1 Kp total cross section at 1250 MeV/c,
and one in the I = 0 total cross section (ob-
tained from K*p and Ktd measurements) at
1150 MeV/c. It is very important for all
symmetry schemes, and especially for quark
models, to determine if these peaks are res-
onances, :

K+p Elastic Scattering

We have obtained semifinal K+p elastic-
scattering cross sections at 860, 960, 1200,
and 1360 MeV/c. The results show no obvious
structure to be associated with the I = 1 Cool
peak., The elastic cross section begins to de-
crease at about 800 MeV/c, where the inelastic
cross section becomes appreciable, and con-
tinues to fall off smoothly to the highest -
energies, As determined by this and other
experiments, the differential cross section
{(dcs) is flat below 600 MeV/c, except for in-
terference with the Coulomb amplitude in the
forward direction; the only sizeable nuclear
phase shift is the Sy /,. Between 600 and
800 MeV/c the dcs dcquires a positive cos28
component. At 860 MeV/c, there is a small
and negative cos30 component. As the mo-
mentum further increases, the dcs shifts
rapidly to diffraction-like peaking in the for-
ward direction, At 1200 MeV/c and above,
the dcs in the forward hemisphere fit well the
form do/dt = ae-PItl, where t is the mo-
mentum transfer, The parameter  increases
with increasing momentum, reflecting a
shrinking of the diffraction peak, We are en-
gaged in obtaining results at the other momen-
ta and in a phase-shift analysis of the results.
(CW, RWB, JC, GG, SG, VS, GHT)

*

Present address: Oxford University,
England.
“"Deceased.
TPresent address: Tel Aviv University,
Israel,

IOn sabbatical leave from CERN, Geneva,
Switzerland.

i. R. L, Cool, G. Giacomelli, T. F. Kycia,
B. A, Leontic, K. K. Li, A, Lundby, and

J. Teiger, Phys. Rev. Letters 17, 102
(1966).



K+p Inelastic Final States

Data from this experiment and others
show a peak in the KN" cross section at
about 1450 MeV/c, related to but slightly be~
low the T = 1 Cool peak.* In order to look
for a resonance decaying mainly into the
KN”™ final state, we have performed a partial-
wave analysis of the N* production in the
K®n"p final state at 0,86, 0,96, 1.2, and
1.36 GeV/c. We find that the Py/; and
P3/, waves are largest and contribute about
equally to the KN* cross section throughout
the region of the Cool bump, No rapid phase
variation is apparent, This is inconsistent.
with any simple resonance hypothesis, and
suggests that the KN* bump is a threshold
effect. (RWB, MB, JC, GG, SG, VS, GHT,
CF)

K+d Interactions

.. The present analysis is concentrated on
charge-exchange scattering, .

K'a-K’p p,
and inelastic processes such as
K'd - K'17p p.

(1)

(2)

Preliminary results indicate that in this mo-
mentum range the cross section for reaction
(1) is falling, whereas the cross section for
inelastic processes is rising rapidly. Fur-
thermore, the differential cross section for
charge-exchange scattering seems to be-
come increasingly forward-peaked as mo-
mentum increases, We hope to do a partial-
wave analysis of this reaction. At the three
higher momenta, reaction (2) appears to be
strongly dominated by K*® formation. The
production mechanism for K" production is
presently under investigation. (AH, SG, GG,
GHT, RWB, JK, CW, BS, BMS, VS)

7" p INTERACTIONS FROM 3.5 TO 3.9 GeV/c

Two experimental runs with 1t incident
on the 72-inch hydrogen chamber were con-
cluded in December 1966, Beam momenta
included several steps from 3.5 to 3.9 GeV/c.
Analysis of the set of about 180000 pictures
started in Fanuary, and as of April, about
12000 events have been measured and fitted.
Results are not yet available from this sub-
sample, but it alone should provide statistical
accuracy comparable to previous experimen-
tal investigations of B, A4; A2, p, M, and 1!
production at these momenta. The total sam-
ple should help to resolve ambiguities due to
statistical limitations in the previous experi-
ments. (DC, RB, PG, JM)
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K'p INTERACTIONS AT 9 GeV/c

We have begun the study of 100 000 photo-
graphs of K'p interactions at 9 GeV/c. The
film was taken in October 1966 in the Brook=
haven National Laboratory 80-inch hydrogen °
bubble chamber exposed to an rf-separated K
beam. The Berkeley cameras were used.

Eleven charged anticascade hyperons
have been observed in a rapid scan. This
corresponds to a cross section of about 5 pb,
distributed among the final states EpA°,
=2pz?, =Ez*n, ==t (missing mass), =

P~ 1, g s =P
(missing mass) and EnTA%n. The production
angular distributions of the final-state parti-
cles are consistent with isotropy.

We are analyzing reactions leading to
three, four, and five particles in the final
state from a sample of approximately 40 000
events measured on the FSD., In the four-
particle final state, we are studying the struc-
ture of the KmTm mass enhancement in the mass
region from 1.2 to 1,5 GeV, We also observe
a K77 mass enhancement at about 1,74 GeV.
which can probably be identified with the pre-
viously reported L meson. (AF, BCS, GQG)

BEAM DESIGN

New 25-Inch Bubble Chamber Beam

The design for a semi-permanent two-
stage separated beam to be used with the 25-
inch hydrogen chamber is nearly complete,
and fabrication of components has begun. An
exchange between vertical acceptance and sep-
aration should make possible operation be-
tween 1 and 2 GeV/c for K-, and perhaps
somewhat beyond these limits for K, Opera-
tion with 7, 7, and protons, without changing
the physical arrangement, seems possible up
to 3.2 GeV/c. The momentum bite is adjust-
able over wide limits and can be made as
large as 4%. It seems probable that this beam
will never require more than 1/4 of the Beva-
tron internal beam in order to provide 15 par-
ticles in the bubble chamber. A beam destroy-
er will be available to accurately determine
the desired number of tracks, and use of a
beam stepper seems possible below 2 GeV/c.
(JK, DC, RB)

High-Energy Beam Optics (General)

We have investigated the use of strong
sextupoles for large vertical chromatic cor-
rections, and have incorporated the results
into the beam-optics program TRAMP. Beam
designs using such elements are complicated
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by the nonnegligible momentum asymmetries age and object points. The new feature is
introduced in the horizontal plane, that all requirements in both planes are simul-
taneously considered, and the only available

We have also developed a program solutions (if any exist) are graphically dis-
which considerably aids in the design of played. The utility of this program has been
beams and testing the stability thereof, The demonstrated by predicting useful solutions
program, DOUBMAP, provides a contour with such unorthodox combinations of param-
map of the gradients and (or) magnifications eters that they would probably otherwise be
of a quadrupole doublet, as a function of im- overlooked. (DC, JK, RB)
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Phys. Soc. 12, 540 (1967).
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Am. Phys. Soc., 12, 541 (1967).
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Oren, B, Sheldon, and G, H. Trilling, Deter-
mination of the Energy Dependence of the
Ko —Decay Form Factor, Bull. Am. Phys.
sé&¢. 12, 568 (1967).
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MeV/c, to be published in Phys. Rev. Letters.
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DATA HANDLING

Howard S. White in charge

COMPUTER-PROGRAM DEVE LOPMENT

HAZE

Routine production operation continued
on the real-time HAZE program (420), A
more flexible fiducial specification format
was introduced, and the appropriate changes
to the program logic were inserted. (Joyce
Crawford) '

The scan-tape editing program (422) was
modified to allow a different event- and track-
naming scheme to be used for the Segre-
Chamberlain Group. Routine production oper-
ation continued. (Carol Osborne and Jim
Greene)

The FSD calibration program (434) was
reassembled to include the calibration calcu-
lation (formerly done in FORTRAN) as well
as the fiducial-finding subprogram. Opera-
tion under the TRIST executive allows imme-
diate on-line response to questions arising
during HAZE or DAPR production runs. De-
bugging of the reassembly was completed.
(Bud Koger)

. A detailed study of the SPVB scan-table
calibration was undertaken. It was discov-
ered that a small view dependency existed on
some tables, causing poor track overlay. By
combining the calibration coefficients from the
three views, it was possible to substantially
improve the throughput ratio for all tables.
(Toyce Crawford, Dennis Hall, and Howard
White)

FOG

The FOG three-view geometry program
140 continued in routine production operation.
A prototype subprogram for matching tracks
in one view with tracks in another view was
written and debugged. The results of this
program produced the design specifications
for the DAPR match subprogram and ulti-
mately will be used in FOG as part of the
event-repair procedure, (Joan Franz, Dennis
Hall)

Program 137, which preprocesses mi-
croscope and Franckenstein data for input to
program 140, was generalized to handle data
for all current experiments. (Frank Windor-
ski)

CLOUDY

Routine production operation of the
CLOUDY programs continued. Extensive
work was done on the problem of convergence
in the kinematical-constraints subprogram
for the case of very-high-energy K, decays.,
The solution was found, and the appropriate
changes to the program were inserted.

The problem of £ decays was also
studied, and the two-vertex charged connect- -
ing case was improved. Work is continuing
in this area.

An improvement was made to the
CLOUDY Library generating program (208)
which greatly facilitates elimination of un-
wanted mass permutations. (Vivian Morgan
and Dennis Hall)

FAIR

The FAIR system of programs continued
to operate in routine production operation.
The ionization calculations developed in the
preceding six months were extended to operate
on the older data which contained information
for one view only, The new procedure proved
to be extremely successful in resolving mass
ambiguities.

The FAIR Library generating program
(304) was modified to supply more information
about events with tape errors, both in the
form of tallies and a detailed catalog listing of
each error. Frequency of IBM 7094 tape
problems has increased significantly during
the last year.

The FAIR output program (305) was ex-
tended to allow two or more histograms to be
summed. (Loren Shalz and Dennis Hall)

TRIST

Complete documentation of the TRIST
operating system was started. Debugging of
B-level logic required for DAPR was nearly
completed. Routine operation of A-level
(real-time) and C-level (background) priority
programs continued. (Carol Osborne)
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Several long-standing bugs were removed
irom the DAP assembly program, and the as-
sembly print format was changed to permit
convenient use of the UPDATE feature of the
program, and to allow printing on notebook-
sized paper. (Bud Koger)

EVENT ACCOUNTING

The event-accounting (EA) system of
programs produced and kept up-to-date event-
accounting master tapes for experiments 114,
13 through 17, 36 through 44, 70, 71, 90, and
91 (see Events-Measurement table under
DATA PROCESSING OPERATIONS).

About 320 000 physical events were ab-
stracted onto EA master tapes. These ex-
periment master tapes contain the scanning,
measuring, and reconstruction history for
each physical event within the experiment.
Some of the additions to the master-tape
generating programs were (1) the logic to
correlate as the same physical event FSD
measured and Franckenstein measured, (2)
the provision for carrying coded comments on
the EA library, and (3) the flagging of "'scan
only'" events on the EA library. Events
flagged in this manner do not appear on
measurement request lists,

Program 606, which obtains CLOUDY
data for the EA system from CLOUDY library
tapes, was debugged, but was not yet consid-
ered a standard production program.

Program 607 was written and debugged.
Its function is to delete or modify selected
data on a packed EA tape, as requested.

Program 604, which is used to sum-
marize packed EA tapes, was provided with
several new options. In addition to catalogs
and roll summaries, generation of assign-
ment-list summaries was provided. Error
profile by scanner, measurer, scan table or
microscope with a ranking function were also
made available with the dates as a variable.
These summaries allow maintenance of
quality- and performance-control procedures.

Current development effort is being
applied toward obtaining the EA source tape
concurrently with regular production runs on
Fog, etc., and to add range information to

the EA tape formats, (Shirley Buckman)

Program 435, which produces an un-
packed EA source tape from scan tapes, was
reassembled to allow up to two coded com-~
ments on the source tape, and to include an
indicator mark for events scanned in the
"identify only" mode. The XY coordinates
were changed to reflect a position in the beam
plane rather than on the top glass. (Carol
Osborne)

DAPR

The production version of the A-level,
track-abstraction program 511 was debugged,
and the real time ability was verified. Work
was started on obtaining complete documen-
tation and a clean assembly. (Joan Tyson)

Debugging of the track-joining-and-
linking portions of program 512 as well as the
input-output section continued. Track joining
consists of identifying and recombining into a
single track the several units of those tracks
which were segmented in the track-following
process; track linking consists of combining
several different scans of a picture into a
single image. The joining phase of 512 was
debugged, and debugging on the linking phase
was started. (Joyce Crawford, Ken Lynn,
and Frank Windorski)

The production version of the vertex-
finding, vertex-matching, and track-matching
program 513 was flow-charted and partially
coded and debugged. The program first
generates a list of provisional vertices in each
view by looking for tracks that appear to con-
verge at a point. The next operation consists
of rejecting all provisional vertices that do
not have a corresponding vertex in at least
one other view. Finally the tracks in each
vertex are matched with their corresponding
images in the other views, and the results
are written onto the Data Abstract Tape,
(David Budenaers, Joyce Crawford, Dennis
Hall, and Howard White)

The DAPR diagnostic program 515 was
generalized to accept data from any level of
DAPR output. Design specifications for the
online quality monitor (OQM) and for the
final-scanning program 516 were determined.
(Nan Jontulevic and Joan Franz) '
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DATA-PROCESSING OPERATIONS

The following tables summarize the processing of both Franckenstein- and FSD-measured
events. An event is the entire collection of related vertices measured in a bubble chamber
picture. New measurements are counted separately, but'the effect of any reprocessing has been
eliminated from the totals.

Event Measurements Analyzed

Franckenstein Measurements:

Number

Chamber (and Laboratory,

Experiment if other than LRL) Beam Group of events
28 30-inch propane-Freon Stopping Kt Pdwell—Birge 6333
32 25-inch hydrogen 0.8 to 1,2-GeV/c K= Powell-Birge - 593
34 25-inch deuterium 0.9 to 1.2-GeV/c K~ Powell-Birge 4293
35 100-cm propane-Freon Stopping k' Powell-Birge 145

- (CERN)
36 72 -inch hydrogen 3.3-GeV/c 'n'fp Powell-Birge 4857 .
37 72 ~inch hydrogen 3.7-GeV/c n'p Powell-Birge 1303
38 72 -inch hydrogen 3.5=GeV/c '1r+p Powell-Birge 703
39 72-inch hydrogen 3.0-GeV/c 1-r+p Powell-Birge 490
40 72-inch hydrogen 3.9-GeV/c 'rr+p Powell-Birge 293
42 72 -inch hy'drogen 1..68-GeV/c nt Powell-Birge 860-
43 72 ~inch hydrogen 1,43-GeV/c nt Powell-Birge 891
44 72-inch hydrogen 1.35-GeV/c at . Powell-Birge 800
21561

FSD Measurements
11 25-incﬁ hydrogen 0.3-GeV/c KZO Trilling~Goldhaber 3006
14 25-inch deuterium 1.2-GeV/c K* Trilling-Goldhaber 1126
15 25-inch deuterium 1.2-GeV/c Kt Trilling ~Goldhaber 1711
16 25-inch hydrogen 1.2-GeV/c K’ Trilling-Goldhaber 3147
17 25-inch deuterium 860-MeV/c K' Trilling-Goldhaber 6791
32 25-inch hydrogen 0.8 to 1.2-GeV/c K~ Powell-Birge 6397
36 72-inch hydrogen 3.3-GeV/c n'p Powell-Birge 146
37 72 -inch hydrogen 3.7-GeV/c n'p Powell-Birge 5522
38 72-inch hydrogen 3.5-GeV/c 1r+p Powell-Birge 56

40 72 -inch hydrogen 3.9-GeV/c n'p Powell-Birge 1190
42 72 -inch hydrogen 1.68-GeV/c n'tp Powell-Birge 7806
43 72 -inch hydrogen 1.43-GeV/c 17+p Powell-Birge 12 836
44 72 -inch hydrogen 1.35-GeV/c 1r+p Powell-Birge 5721
70 72-inch hydrogen 6.0-GeV/c p Segré-Chamberlain 11031
71 72-inch deuterium 6.0-GeV/cp Segré-Chamberlain 9115
90 80-inch hydrogen (BNL) 9.0-GeV/c k' Trilling -Goldhaber 49 544
91 72 -inch hydrogen 3.5-GeV/c m' Trilling-Goldhaber 9662

Total Events Analyzed 156 368
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HEALTH PHYSICS

H., Wade Patterson in charge

HEALTH PHYSICS ACTIVITIES

Installation of logarithmic radiation in-
tensity indicators was completed at the 88-
inch cyclotron. A fast-acting beam-cutoff
device, capable of acting within 1 to 3 usec,
to prevent accidental radiation exposure to
personnel, was designed and tested, Devel-
opment of general-purpose, transistorized
counting equipment in modular form continued
with the participation of the Physics Technical
Support group. ' '

A shielding study has been performed at
the 88-inch cyclotron., Nearly maximum-
energy ion beams of alphas, protons, and
deuterons were stopped in a thick tantalum
target. The attenuation of the secondary-
neutron radiation was studied in a stack of
ten precision-cast ordinary concrete blocks.
Effects of 12-in, faces of iron and uranium in
place of the first 12-in, of concrete were also
studied. Neutron attenuation lengths and neu-
tron spectra at successive 3-in, depths in
concrete are being determined from data
analysis now in progress, as are effects of

12-in, iron or depleted-uranium faces upon
the attenuation lengths and spectra of neutrons
produced by each type of ion beam. A total of
nearly 700 detectors, including aluminum,
nickel, thallium, and gold were weighed,
labeled, positioned, irradiated, and counted.
These data are being computer-analyzed. The
information is being applied to the design of
local shielding to be used in the new high-
energy-resolution cave No. 4, with a possible
cost savings of about $200 000 over the cost of
a completely shielded cave. Future applica-
tions can be made in shielding proposals of
the 48-inch cyclotromn.

Work was completed on an experiment
at the CERN proton synchrotfon to provide
information for the design of shielding for the-
200-GeV accelerator. Attenuation of the PS
radiation was measured in earth as a function
of angle and energy from a target. The
collected data are now being treated, and it is
expected that a report will be issued in two or
three months,

PUBLICATIONS

R. P. Omberg and H. W. Patterson,
Application of the Stars Produced in a Nuclear
Emulsion to the Determination of a High-Neu-
tron-Energy Spectrum, UCRL-17063, Febru-
ary 1967. '

J. B, McCaslin and D. Stephens, High-
Sensitivity Neutron and Proton Flux Detector
with a Practical Threshold near 600 MeV,
Using Hg (Spallation) 149Tb, UCRL-17505,
April 14, 1967,
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ACCELERATOR OPERATION AND DEVELOPMENT

ACCELERATOR STUDY GROUP

Edward J. Lofgren in charge

STUDY GROUP ACTIVITIES

In December, the AEC announced the
selection of an area at Weston, Illinois (30
miles west of downtown Chicago) as the site
for the proposed 200-GeV accelerator.
Authorization of the project is still pending,
and a staff for the next design and construc-
tion phase is being formed by the Universities
Research Association. Meanwhile, the LRL
Design Study Group is continuing to refine
elements of the 1965 Design Study Report
(UCRL-16000) and has begun work in several
new areas. Some work has been reduced or
discontinued, too, so the level of effort in the
Study Group remains at about 60 people,

Design refinements include alternate
arrangements of the injector synchrotron,
Smaller ring circumferences are being con-
sidered, which lead ot less azimuthal length
of straight sections available for components.
It appears that the required functions can be
achieved more easily in a 1/8 main-ring-cir-
cumference FOOFDOD arrangement than in
the 1/7 main-ring-circumference FOFDOD

arrangement shown in the Design Study Repoft.

Work in new areas includes an analysis
of the feasibility of constructing a synchrotron
whose peak energy can later be extended sub-
stantially higher than original design levels.
The studies, started in November 1966, have
resulted in practical initial guide-field con-~
figurations that provide for a later conversion
to higher energy by the addition of magnets,
rf accelerating gaps, and other components.
These arrangements would be suitable in
principle for accelerators designed initially .
for 200 GeV, but extendable to 300, 400, and
500 GeV. The practicality and economy of
these alternatives are yet to be investi-
gated.

By regarding the initial provision for
extendible energy as only an option for future
improvement of the accelerator, we have
emphasized that initial cost penalties must be
low. This consideration has resulted in less
circumference for a given final energy design
than would be economic or appropriate for an
accelerator intended for operation initially at
that energy.

To simplify the future conversion to
higher energy and to take advantage of ac-
cumulated operating experience, it has been
judged desirable to retain the basic orbit
parameters through the conversion, Exam-
ples of extendableilattices have been developed
that retain the same v value and approximate
beam size.

Another new area is the development of
superconducting dc beam-~transport elements
to help establish a firm basis for an eventual
decision on whether to outfit the experimental
areas for superconducting or conventional
magnets. A superconducting solenoid is being
built, which will provide valuable design and
operating experience for this development
program.

Volume III or 200-BeV Accelerator:
Studies on Experimental Use (UCRL-16830)
was issued in February. It constituted the
results of a Summer Study held at Berkeley
in 1966 which had as its major topic the
experimental use of the proposed 200-GeV
Accelerator., Some physicists who did not
attend the Summer Study submitted reports
that they felt belonged in the volume, and
these results were incorporated. Contents
of this Summer Study volume are as follows:
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200 BeV ACCELERATOR: STUDIES ON EXPERIMENTAL USE
VOLUME III
SUMMER STUDY - 1966

Contents
Status Report on the 200-BeV Accelerator E. J. Lofgren
Experimental Facilities Denis Keefe
A. PARTICLE PRODUCTION
Particle-Production Measurements at 0-Deg by D. D. Jovanovic

Observing the 180-Deg Laboratory Yields
in p-p Collisions at 200~-BeV

Evaluation of Pion Fluxes Produced by 200 BeV G. Cocconi

Protons
Estimate of the Fluxes of Strongly Interacting G. Cocconi

Particles Produced by an Electron Beam
B. TARGETING AND EXPERIMENTAL FACILITIES

Targeting Compatibility of Beams for Counter and J. R. Sanford
Bubble -Chamber Experiments

A Target for a 200-BeV Extracted Proton Beam G. Cocconi

On Targeting Stations in an External Proton Beam A. L. Read
at the Proposed 200 BeV Accelerator

Round -Table Discussion on the Importance of the Denis Keefe
Internal Target Area and its Possible Con- R. P. Ely
figuration

Note on the Internal Target Area Tom Elioff

The Possibility of Using a Small Storage Ring in J. J. Thresher

Conjunction with the Main Accelerator for
Colliding Beam Experiments

Antiproton Facilities at the 200-BeV Accelerator W. J. Kernan
C. EXPERIMENTS AND BEAMS

The Neutrino-Muon Facility at the 200 BeV D. D. Jovanovic
Accelerator

The Influence of a Line Source of Neutrinos on T. E. Toohig
the Configuration of Experimental Apparatus

RF Separated Beam Systems for Use at the Jack Sandweiss
200-BeV Accelerator

Basic Properties of Turn-Over Matrices E. Regenstreif

Some Thoughts on the Possibility of Making Victor Cook

Charged Hyperon Beams in the Range 50
to 100 BeV/c

Tagging of Real and Virtual Photons R. Wilson
M. Wong



-73-
Some Electron-Physics Studies with the 200-BeV

Accelerator

Photon and Electron Beams at the 200-BeV Proton
Accelerator

Some Problems in Multi-BeV Photon Physics

A Note on Particle Identification in High-Energy
High-Intensity Beams

Transition Radiation Detectors for Ultrahigh
Energies

A Scheme for Separated Particle Beams, Using
Fast-Pulsing Magnets ’

D. EQUIPMENT

Preliminary Considerations on the Characteristics
of a Large Spark-Chamber Detecting System
for Complex High-Energy Events

Considerations on the Use of Hydrogen-Neon
" Mixtures in the Large Hydrogen Chamber

Some Design Considerations for a Large
Hydrogen Bubble Chamber

On the Usefulness of Kinematic Fitting at High
Energies in a Monster Bubble Chamber

100 M3 Crybgenic Bu.bble Chamber —Extrapolated
Cost .

A Consideration of Superconducting Experimental
Magnets for Use with the 200-BeV Accelerator

The Potential of Superconducting Magnets for Use
in the Experimental Areas: Preliminary
Report . '

Duty Factor for the dc Experimental Magnets

E. THEORY

Elastic Shrinkage and Pomeranchuk Dominance

Some w-N and N-N Regge-Pole Predictions at
High Energies

Speculations Concerning Large-Angle Meson-
Nucleon Scattering at High Energies

Symmetries at High Energies

Weak Interactions at High Energies:
Neutrino Experiments

Further Aspects of Weak Interactions

UCRL-17544

W. Selove

C. A, Heusch

C. A, Heusch

A. Roberts
C. M. York
J. A. Kadyk
A. Roberts

George E. Kalmus
J. B‘. Shafer
R.. J. Pllano
H, Paul Hernandez
A, Abashian

Robert B, Meuser

Robert B, Meuser

W. Rarita
W. Rarita

G. Domokos
R. Karplus

Gino C. Segre
Gino C. Segre’

Barbara Barrett
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PUBLICATIONS

William M. Gibson and Harold A, Wol- -
lenberg, Investigations for Ground Stability in
the Vicinity of the Calaveras Fault, Livermore
and Amador Valleys, Alameda County, Cali-
fornia, UCRL-47265, November 8, 1966.

) W. S. Gilbert and D. Keefe, 200 BeV
Accelerator: Studies on Experimental Use,
Vol, III, UCRL-16830, February 1967,

Robert B. Meuser, Secondary Beam
Magnets for the 200 BeV Accelerator--Con-
ventional or Superconducting?, UCRL-47269,
February 1967,

Roland Krevitt, Remote Maintenance
Techniques Proposed for the 200 BeV Accel-
erator, UCRL-17195, February 1967.

Michael A. Green, The Use of Alumi-~
num Coils Instead of Copper Coils in Accel-
erator Magnet Systems, UCRL-17258, Febru-~

“ary 1967.

Peter T. Clee and H. Paul Hernandez,
A Ceramic Vacuum Chamber for a Fast-
Cycling Proton Synchrotron, UCRL-17254,
February 1967,

H. Paul Hernandez, The Selection of a
Lamination Shape for a Fast-Cycling Alter-
nating Gradient Magnet Core, UCRL-17264,
February 1967,

W. W. Salsig, Capability vs. Cost for
Servicing and Handling System Choices in 200
BeV Accelerator Design Study, UCRL-17247,
February 15, 1967.

F. B. Selph and J. M. Peterson, Selec-
tion of Injector Synchrotron Parameters to
Minimize Cost of the 200 BeV Accelerator,
UCRL-17191, February 17, 1967.

William S. Gilbert, Radiation Problems
with High-Energy Protron Accelerators,
UCRL-17141, February 21, 1967.

Alper A, Garren, Glen R. Lambertson,
Edward J. Lofgren, and Lloyd Smith, Ex-
tendible-Energy Synchrotrons, UCRL-17471,
February 24, 1967.

Jack M. Peterson, Choice of the Injec-
tor System for the 200 BeV Accelerator,
UCRL-17222, February 27, 1967,

R. L. Fleischer, E, L. Hubbard, P. B.
Price, and R, M. Walker, Criterion for
Registration in Dielectric Track Detectors,
General Electric Report No. 66-C-424,
November 1966; Phys. Rev. 156, 353 (1967)..

Andris Faltens and Manfred Giesch,
Fast Kicker Magnets for the 200 GeV Ac-
celerator, UCRL-17246, November 1966,

H. Hernandez, R. B. Meuser, and W. W.
Salsig, Mechanical Design Features of the
200 BeV Accelerator, ASME Preprint -
66-WA,/NE-23 (1966); presented at the Par-
ticle Accelerator Engineering Conference,
New York, December 1966; UCRL-16944,
June 23, 1966
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BEVATRON

E. J. Lofgren in charge

BEVATRON ACTIVITIES

The Bevatron beam was operational for
experimenters 87.1% of the scheduled operat-
ing time. On December 19, 1966, a fracture
was discovered in the dovetail section of one
of the rotor poles of the main motor-genera-
tor sets. This fracture was discovered during
a routine Monday maintenance period. Further
examination of the motor-generator sets
showed cracks in over 50% of the sixteen
rotor poles in both generator sets. Bevatron
operation was suspended until May 1967,
during which time new poles were fabricated
and installed.

Westinghouse Electric Corporation was
the original manufacturer of the motor gener-
ator sets. They still had the dies and jigs for.
the pole tips and were awarded the contract of
making 16 new pole tips. Delivery of the new
pole tips was scheduled and completed by
March 1, 1967. During this shutdown, the
motor generator sets were completely over-
hauled. : :

Because of the extended period necessary
to repair the motor generator sets, we de-
cided to speed up planned construction work
on the new external-proton-beam (EPB)
channel. . A shutdown had been planned for
summer 1967 to remove the old EPB channel
and the bubble chamber building. A new
shielding foundation and shielding would then
be installed. Over the long period, we would
lose less operating time if we could start the
shielding construction during the first few
months of 1967, Engineering design was
speeded up and the jobs put out for bid.

“The job of removing the old concrete
floor along the EPB line started February 27.
Installation of the new shielding foundation is
scheduled to be completed by May 1. Removal
of the bubble chamber building is scheduled to
be complete about May 15. Roof construction .
on the first two and one half bays of the new
EPB hall started in December and was com-
pleted on the first of March.

Operation of one channel of the new EPB
system is scheduled to start early in July
1967, Complete operation in both EPB chan-
nels is expected to start about October 1967.

The Bevatron magnet has settled some-

what unevenly since the last alignment in
1962, The resultant vertical misalignment of
the Bevatron magnet sectors causes a
perturbation in the closed orbit of the beam.
This shift in the closed orbit caused the beam
to be low by about 0.9 in. in the north straight
section. This is in the experimental target
area for internal targets, and is believed to
have been causing some problems in secon-
dary particle yield. The beam was 0.75 in.
high in the south straight section, where the
extraction-system target is located. This
misalignment may have been responsible for
some reduction in EPB extraction efficiencies
we have had lately. The extraction efficiency
was being investigated when the motor-gener-
ator failure occurred. The Bevatron magnet
was placed on a new tilted plane during this
shutdown: such that the closed orbit will again
be on the gap centerline.

A new magnet was designed and installed
in the east straight section to study the pos- -
sibility of using resonant extraction for our
external proton beam. If it works we hope to
be able to eventually raise the extraction
efficiency from our present 40%,

The need for more space in the main
control room has grown as the complexity
and flexibility of the Bevatron and experiments
have increased. To take care of this need,
the main control room console area and rack
space was increased.

During this shutdown period some re-
pairs and studies were carried out by the in-
jector group. Vacuum leaks were repaired in
four linac drift tubes and the alignment of all
the drift tubes was checked. The linac E
field and the wall H field were measured using
a field-perturbation system and the PDP-5
control computer. These measurements
were made as part of a program to study the
dynamics of the linear accelerator and to
provide a check on the computational programs
being developed for new machine design.

The second Bevatron users meeting was
held on January 24, 1967. Current topics in
high-energy physics were discussed together
with the future Bevatron program and schedule
of experiments. Plans for the 200-BeV pro-
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ton accelerator at Weston, Illinois were pre-
sented by Norman Ramsey.

More complete details of Bevatron op-
eration for this period are given in the Beva-
tron Operation and Development reports for the

fourth quarter 19661 andthe first quarter 1967.2
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1. Kenneth C. Crebbin and Robert Frias,
Bevatron Operation and Development 52,
UCRL-17402, May 23, 1967,

2, Robert W, Allison, Jr., Kenneth C.
Crebbin, and Robert Frias, Bevatron Opera-
tion and Development, 53, UCRL-17543,
June 2, 1967,

PUBLICATIONS

D. W. Morris, J. T. Tanabe, and E.
Zajec, Copper-Tape-Wound, Edge-Cooled
Solenoid, UCRL-17262, January 1967; pre-

sented at National Particle Accelerator

Conference, Washington, D. C., March 1-3,

1967.

184-INCH CYCLOTRON

David L. Judd in charge

Reported by James T. Vale

No report was written for this Semiannual Report.

ELECTRON LINEAR ACCELERATOR

Douglas W. Pounds

OPERATIONS

During the period November 1966
through May 1967 utilization of the machine
was as follows: .

Biomedical research -<-------- 384 hours
Bevatron —---===----comccuewo-- 13 hours
Judd-Ruby Physics -~-----==------ 8 hours
Maintainence and

modifications ---------------- 184 hours

-The remainder of the time was devoted
to linac development and general duties.

RESEARCH PROGRAMS

The research programs carried on at
the linac during this period included radical
spectra studies at 4.2°K, irradiations of
enzyme systems, ghost irradiations of red
blood cells, radiation damage of hydraulic
oils, nuclear isomer studies, and linac de-
velopment studies.

Detailed reports 7Ei.escribing the results
of these studies are contained in the annual
reports of the departments concerned.

LINAC RESEARCH AND DEVELOPMENT

The short-pulse linac system is pro=-
gressing as expected. Step one, the nano-
second injector system, is in the test-stand
stage. Steps two and three are as reported
in the previous semiannual report.

PROGRAM SUMMARY

The expected commencement of the
pulse-radiolysis program, to be conducted
by the Warren Garrison nuclear chemistry
group, failed to materialize.. However, the
system is mostly complete and may begin
operating in the coming half year. The out-
look for the other programs is for a continua-
tion of the 4.2-deg E. P.R. studies, an expan-
sion of the nuclear isomer program, a return
of the chemical evolution studies, and a con-
tinuation of the enzyme irradiation studies.

1. Douglas W. Pounds, Physics Division
Semiannual Report, May through October
1966, UCRL-17282, January 1967,
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PERMUTED KEYWORD INDEX

The following pages a‘re an alphabetical per-
muted index of the material in this report. Author's
names are included. The index was prepared by the
IBM-1401 computer using the key-word-plus-title
program KWPT. All significant words are indexed;
insignificant words have been automatically rejected
by the computer.

In some cases, the titles have been edited
slightly to ensure proper word combination during
‘automatic indexing and to provide maximum mean-
ingful information. For most sections covering
multiple subjects in detail but not having subtitles,
the editor has provided appropriate titles for ade-
quate indexing of each subject.

 Indexed terms are alphabetized and displayed
in the left column of the index., The middle column
shows the complete title and authors. The page
number is given in the right column. Following the
word index is the number index, which treats num-
bers as key.words. '

Your comments about the usefulness of this
index and possible improvements are invited.
‘Address such comments to Miss Gloria Smith, who
is responsible for the automated indexing, or to the
editor, Mr. Gerald Behman.,

UCRL-17544
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CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON)
AND ELASTIC (K~-MINUS PROTCN GOES TO K-MINUS PROTON)
REACTIONSy M. ALSTON-GARNJOST, R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORD, L. K. GERSHWIN, D.
Je HERNOONy. . Go Ro LYNCH, T. S. MAST,

K-MINUS PROTON GOES TO LAMBDA PI-ZERO AND K-MINUS PRGTON
GOES TO ANTIK-ZERO NEUTRGNs R. ELY ANC 4. LOUIE.

DIFFERENTIAL CROSS SECTIONS FOR PROTON NEUTRON GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TO NEUTRON

. ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH.

DIFFERENTIAL -CROSS SECTIONS FOR PROTON NEUTRCN GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TGO NEUTRON
ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH,.

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. 8. CHIUy R. Jo. RIDDELL, JR., W.
RARITAy AND Jo No PHILLIPS.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, C. Be CHIUs S. Y. CHU, AND L. L. WANG.

ANTIP67y M. A. ABOLINS, A. RITTENBERGy G. A. SMITH, AND R.
J. SPRAFKA. .

APOLLO EARTH-ORBITAL EXPERIMENTsy H. H. HECKMAN.

DIFFERENTIAL:-CROSS -SECTIONS FOR PROTON NEUTRON GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TO NEUTRON
ANTINEUTRON REACTIONS; F. ARBAB AND J. W. DASH.

TRILLING-GOLDHABER DATA REDUCTICN, J. ALVAREZ, D. ARMSTRONG,
E. BURNS, D. LAMB, AND J. MILLER.

FLIBy FRANCKENSTEIN DATA LIBRARY PROGRAM, D. ARMSTRONG AND
Jeo ALVAREZ. '

ARROW SYSTEM SUBROUTINESs 0. LAMB.

ASSOCIATED-PRODUCTION EXPERIMENT.

ASYMPTOTIC BEHAVIOR OF SCATTERING AMPLITUDES ON UNPHYSICAL
SHEETS, C. I. TAN.

PI-MESIC ATOM X-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,

) AND D. WELDON.

NEAR-ADIABATIC SCATTERING BY ATCMIC SYSTEMS, K. M. WATSON.

ATOMIC-BEAM RESEARCH, H. A. SHUGART.

AUTOMATIC ADJUSTMENT OF SYNCHROTRON ORBITS, J. E. BRALEY, G.
Re )

vCOMPARISON OF PI-PLUS AND PI-MINUS LIFETIMESs D. S. AYERS,

D. O. CALDWELL, A. W. CORMACKy V. ELINGSy A. Jo
GREENBERGy, R. W. KENNEY, ANC R. J. MORRISON.

B-L SPACE AND GEOMAGNETIC FIELD MODELS, H. H. HECKMAN
AND P. J. LINDSTROM.

MEASUREMENT OF K~MINUS-MESONIC X RAYS. FROM L1, BE, B8y AND

. €, G. WIEGAND AND D. MACK.

MULTIPLE REGGE-POLE HYPOTHESISs Nu F. BALIs G. F. CHEW, AND
A. PIGNOTTI.

ANALYTIC S—MATRIX APPROACH TO ZERG-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALI, J. S. BALLs G. F. CHEW, AND A.
PIGNOTTI.

REGGE TRAJECTORIES FOR TWO-CHANNEL PROCESSES IN POTENTIAL
THEORY, N. F.' BALI AND R. W. HAYMAKER.

POLARIZATION IN THE PI-MINUS PROTON GOES TQ PI-ZERO NEUTRON
PROCESS AT HIGH ENERGIES, N. F. BALI AND R. W.
"HAYMAKER. .

ANALYTTC S-MATRIX APPROACH TO ZERO-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALI, J. S. BALLy G. F. CHEW, AND A.
PIGNOTTI.

BALL. _

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON)
AND ELASTIC (K-MINUS PROTON GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJOST, R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORD, L. K. GERSHWIN, O.
J. HERNDONj G. R. LYNCH, To S. MAST, :

THE REACTIONS K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPP, AND C. G. WOHL.

STUDY OF THE REACTION K-MINUS PROTON GOES TO SIGMA-PLUSMINUS
PI-MINUSPLUS, A. BARBARC-GALTIERI AND P. DAUBER.

K-MINUS INTERACTIONS IN DEUTERIUM. A. BARBARO-GALTIERIL, A.
RITTENBERG, AND M. MATISCN.

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON)

- AND ELASTIC (K-MINUS PROTON GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJOSTs R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORDs L. K. GERSHWIN, D.
Jo HERNDGNs G. R. LYNCHy T. S. MAST,
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UCRL-8030s A. H. ROSENFELD, A. BARBARO-GALTIERI, W. J.
PODCLSKY, L. R. PRICE, P. SOCING, AND C. G. WOHL.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TQ THE
S-CHANNEL BARYON SPECTRUM FOR PION-NUCLEON
SCATTERING, D. S. BEDER AND J. FINKELSTEIN.

RESPONSE OF DECUPLET MASSES TO OCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COUPLINGS, R. C. SLANSKY.

MEASUREMENT QGF K-MINUS-MESONTC X RAYS FROM LIs BEs By=-AND
Cy-C. WIEGAND ANG D. MACK.

INFLUENCE OF CLEARING ELECTRODES ON THE TRANSVERSE RESISTIVE

-~ WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

NEUTRAL BEAM AT SLAC, K. M, CROWE, D. DORFAN, D. H. MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.

K67 BEAM DESIGN, G. E. KALMUSs C. F. KANE, ANO P. S. SHERS.

NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.
BUTLER.

HIGH-ENERGY BEAM OPTICS, D. COYNE, J. KADYKs AND R. BUTLER.

PARTICLE YIELDS AND SECCONDARY BEAMS AT SLAC, S. M. FLATTE,
Jo Jo MURRAY, AND S. G. WOJCICKI.

DISTRIBUTION FUNCTIONS FOR PARTICLE BEAMS, F. SACHERER AND
L. SMITH.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRLM TQ THE
S~-CHANNEL BARYON SPECTRUM FOR PIGN-NUCLEON
SCATTERING, D. S. BEDER ANC J. FINKELSTEIN.

CALCULATION OF ETA GOES TO PI-PLUS PI-MINUS PI-MINUS GAMMA
DECAYy D. S. BECER. :

K-MINUS PROTON GOES TO SIGMA-PLUSMINUS PI-MINUSPLUS AND
K-MINUS NEUTRON GOES TO SIGMA-MINUS PI-ZERO, R. B.
BELL.

BEVATRON-INJECTOR PROGRAMMING, E. WILLIAMS AND B. BELSHE.

POP5 AND PDP8 PROGRAMMING, R. BELSHE.

PRODUCTION AND DECAY OF CASCADE HYPERONS, P. DAUBER, J. P.
BERGE, AND J. R. HUBBARD.

LRL-SLAC, J. P. BERGE, L. R. PRICE, A. H. ROSENFELD, AND P.
SODING.

BERGMAN-WEIL FORMULA, J. WRIGHT.

ROLE OF THE RELATIVE-TIME VARTABLE IN THE BETHE-SALPETER
EGUATION, K. D. ROTHE.

NUMERICAL STUDY OF THE UNEQUAL-MASS BETHE-SALPETER LADDER

: EGUATION, W. B. KAUFMANN.

SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATION
TWO-BODY SCATTERING AMPLITUDES IN ALL OFF-SHELL
VARIABLES, R. HAYMAKER.

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRON, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER. '

BEVATRON ACTIVITIES, E. J. LOFGREN.

BEVATRON-INJECTOR PROGRAMMING, E. WILLIAMS AND B. BELSHE.

RESPONSE OF THE BINDING ENERGY TC SMALL PERTURBATIONS, J.
HARTE. :

STRUCTURE OF THE LEFT-HAND DISCCNTINUITY OF THE FULL
PARTIAL-WAVE AMPLITUDE, J. BINSTOCK.

BIOMEDICAL PROGRAMMING.

POWELL~BIRGE PROGRAMMING. .

PI-PLUS PROTON INTERACTIONS FROFM 2.9 THROUGH 4.3 GEV/C, D.
G. BROWN, R. W. BIRGE, R. P. ELY, G. GIDAL, AND G. E.
KALMUS.

DATA REDUCTION, R. W. BIRGE AND P. W. WEBER.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TO
1580 MEV/C, C. WOHL, R. W. BLAND, J. CHAN, G.
GOLDHABER, 'S. GOLDHABER, V. SEEGER, AND G. H.
TRILLING.

K-PLUS PROTON ELASTIC SCATTERING, C. WOHL, R. W. BLAND, J.
CHAN, G. GOLDHABER, S. GCLLCHABER, V. SEEGER, AND G.
He TRILLING.

HIGH-ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOOTSTRAP
MODEL, S. Y. CHU AND C. I. TAN.

6411 PROGRAMMING, S. PENNY, J. BORGES, R. FINKs; J. GLASNER,
W. HUTCHINSON, AND D. BRAINARD.

K-PLUS PROTON INELASTIC FINAL STATES, R. W. BLAND, M.
BOWLER, J. CHAN, G. GOLDHABER, S. GOLCHABER, V.
SEEGER, G. H. TRILLING, ANC C. FU.

BP66 EXPERIMENT, 0. I. DAHL, J. H. FRIEDMAN, J. KIRZ, D. B.
SMITH, L. He SMITH, R. J. SPRAFKA, ANC M. WAHLIG.

ELOSS, V. BRADY FOR D. CLARK.

BRAGG, G. LITTON.
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6411 PROGRAMMING, S. PENNY, J. BCORGES, R. FINK, J. GLASNER,
We HUTCHINSONy AND D. BRAINARC.

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

AUTOMATIC ADJUSTMENT OF SYNCHROTRON ORBITS, J. E. BRALEY, G.
R«

AN ANALYSIS OF ETA GOES TO PI-PLUS PI-MINUS PI-ZERGC AND THE
BRANCHING RATIO ETA GOES TG 3 PI-ZEROs L. R. PRICE
AND F. S. CRAWFORD. .

MEASUREMENT OF THE BRANCHING RATIO K-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TGO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, Be. CORKy To. ELIOFF, C. KEEFE, L. T. KERTH, J.
Fo MCREYNOLDS, D. NEWYON, AND W. A. WENZEL.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON-14 MONOXIDE IN ANIMAL BREATH, M. HORGVITZ.

APPLICATION OF A SUPERPOSITION GF A REGGE-POLE- EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES 7O PI-PLUS SIGMA-NINUS SCATTERING
FROM 1.8 T0.2.9 GEV, R. BROWER.

CROSSs MICROs AND DIFFERy N. BRGWN FOR N. GLENDENNING.

PI-PLUS PROTON INTERACTIONS FROM 2.9 THROUGH 4.3 GEV/C, D.
G. BROWN, R+ We BIRGEy R. P. ELY, G. GIDAL, AND G. E.
KALMUS.

25-INCH HYDRGGEN BUBBLE CHAMBER

72-INCH HYDROGEN BUBBLE CHAMBER

ELECTRONS IN HEAVY-LIQUID BUBBLE CHAMBERS, G. E. KALMUS AND
D. F. KANE.

"NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.

BUTLER.

UAR/USA PYRAMID PROJECT, L. W. ALVAREZ, J. A. ANDERSON, S.
BUCKINGHAM, J. H. BURKHARD, F. KREISS, AND L.
YAZOLINC.

EVENT-ACCOUNTING PROGRAMMING, S. BUCKMAN ANC C. OSBORNE.

DAPR, J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, D.
BUDENAERS, D. HALL, H. WHITE, N. JONTULEVIC, AND J.
FRANZ.

UAR/USA PYRAMIO PROJECT, L. W. ALVAREZ, J. A. ANDERSON, S.
BUCKINGHAM, J. H. BURKHARC, F. KREISS, AND L.
YAZOLING. :

TRIM, J. COLCNIAS, B. BURKHART, R. HEALEY, AND R. AHLSTRAND.

TRILLING-GOLDHABER DATA REDUCTICN, J. ALVAREZs D. ARMSTRONG,
E. BURNS, D. LAMB, AND J. MILLER.

MODIFICATION QF TVGPy J. ALVAREZ AND E. BURNS.

PHONY, E. BURNS.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/C, D. COYNE,
R. BUTLER, P. GAPOSCHKIN, AND. J. MACNAUGHTGON.

NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.
BUTLER. .

HIGH~ENERGY BEAM OPTICS, D. COYNE, J. KADYK, AND R. BUTLER.

MEASUREMENT OF K-MINUS-MESONIC X RAYS FROM LI, BE, B, AND
Cs C. WIEGAND AND D. MACK.

'CALCULATION OF ETA GOES TO PI-PLUS PI- MINUS PI-MINUS GAMMA

DECAY, C. S. BEDER.

CALCULATION OF IRON UPTAKE AS A FUNCTION OF ERYTHRON AGE, G.
C. NOGNEY, AND T. MAHAN.

T-CHANNEL EXCHANGE FORCES IN PICN-NUCLEGON STATIC-MODEL
CALCULATIONSy F. Lo MARKLEY.

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMESy D. S. AYERS,
D. Q. CALDWELLs A. W. CORMACK, V. ELINGS, A. J_
GREENBERGy R. W. KENNEY, ANC R. J. MORRISON.

K-ZERO-L GOES TO PI-ZERO + PI-ZERC, D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKERy C. REYy 0. CALCWELLy R. CENCE, B. JONES,
V. PETERSONy ANC V. STENGER.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON-14 MONOXIDE IN ANIMAL BREATH, M. HORQVITZ.

PRODUCTIGN AND DECAY OF CASCADE HYPERONS, P. DAUBER, J. P.
BERGE, AND J. R. HUBBARD.

K-ZERO-L GOES TO PI-ZERC + PI-ZERO, D« CHENGs Re. D.. EANDI,
A. C. HELMHOLZ,y R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKER, C. REY, D. CALCWELLy R. CENCE, B. JONES,
V. PETERSONy ANC V. STENGER. . .

25-INCH HYDROGEN BUBBLE CHAMBER

72-INCH HYDROGEN BUBBLE CHAMBER

HELIUM-FILLED WIDE-GAP CHAMBER PRGJECT,y A. STETZ, V.
PEREZ-MENDEZy ANC J. SPERINDE.
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NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.
BUTLER. -

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIVENTSy C. H. JOHNSON,y JR.,
0. CHAMBERLAIN, P. 0. GRANNIS, M. J. KANSROUL, AND H.
M. STEINER.

ELECTRONS IN HEAVY-LIQUID BUBBLE CHAMBERS, G. E. KALMUS AND
D. F. KANE.

K-ZERO2 INTERACTIONS ANC DECAYS, J. KADYK, J. CHAN, C.
COYNE, Y. OREN, B. C. SHEN, AND G. H. TRILLING.

K-PLUS PROTON ELASTIC SCATTERINGs C. WOHL, R. W. BLAND, J.
CHAN, G. GOLDHABER, S. GCLCHABER, V. SEEGER, AND G.
He TRILLING.

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERQ NEUTRON)
AND ELASTIC (K-MINUS PROTGN GOES TO K-MINUS PROTON)
REACTIONS, Me ALSTON-GARNJCST, R. 0. BANGERTER, A.
BARBARO-GALTIERL, F. S. CRAWFORDy L. K. GERSHWIN, D.
Je HERNDONy G. R. LYNCH, T. S. MAST,

PION-NUCLEGN -CHARGE-EXCHANGE PCGLARIZATION ASSOCIATED WITH
REGGE CUTS, C. B. CHIU ANC J. FINKELSTEIN.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTCN ELASTIC DIFFERENTIAL CROSS
SECTIONS, C. B. CHIUy, S. Yo CHUy AND L. L. WANG.

OMNI, CHAT, AND CERIEN, R. HINKINS FOR W. GAGNON.

STUDY OF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, D.
CUTTSy M. DEUTSCH, P. KIJEWSKIy R. STIENING, AND C.
WIEGAND.

K-ZERO-L GOES TO PI-ZERUO + PI-ZERC, D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, 1. LINSCOTT, k. OLIVER,
S. PARKER, C. REY, D. CALDWELLy R. CENCEs B. JONES,
V. PETERSON, ANC V. STENGER.

NUCLEON-NUCLEON TRIPLE SCATTERING, C. M. ANKENBRANCT, D.
CHEUNG, L. T. KERTH, K. C. LEUNG, AND P. SURKO.

THEORETICAL PHYSICS RESEARCHy G. F. CHEW.

MULTIPLE REGGE-POLE HYPOTHESIS, N. F. BALI, G. F. CHEW, AND
A. PIGNOTTI.

ANALYTIC S-MATRIX APPROACH TO ZERC-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALI, 4. S. BALLs G. F. CHEW, AND A.
PIGNOTTI.

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDONs W. CHINOWSKY, W. GAGE, R, KINSEYy S. KLEIN,
M. MANDLEKERNs P. SCHMIDTs AND J. SCHULTZ.

IMPLICATION OF ASSUMED MAXIMUM ANALYTICITY OF FIRST-CEGREE
AND FIXED-T-POWER BEHAVIOR, C. B. CHIU AND C. I. TAN.

PION-NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH

REGGE CUTS, C. B. CHIU ANC J. FINKELSTEIN.

REGGE MOCEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CHIUs R. J. RIDDELLy JR., W.
RARITA, AND J. N. PHILLIPS. )

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MODEL TO
PION-NUCLEON DATA FOR PICN INCIDENT LABORATCRY
MOMENTA BELOW 6GEV/C, A. V. STIRLING AND C. B. CHIU.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PIGN-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, C. B. CHIU, S. Y. CHUy AND L. L. WANG.

CHRYS, R. HINKINS FOR P. PETROFF.

HIGH~ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOOTSTRAP
MODELs S. Y. CHU AND C. I. TAN.

EFFECT OF INTRAMULTIPLET MASS CIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
Su(3), A. E. EVERETT AND R. CHU.

REGGE TRAJECTORIES FOR A SUPERPOSITION OF TWG YUKAWA
POTENTIALS, N. F. BALI, S« Y. CHU, R. HAYMAKER, AND
C. I. TAN.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED~-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONSy Co Be CHIUy S. Y. CHUy AND L. L. WANG.

DECAY PROPERTIES OF THE A-SUB2(1320) MESON, S. U. CHUNG, 0.
I. DAHLy L. M. HARDY, R. I. HESS, J. KIRZy AND D. H.
MILLER.

SPARK-CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROUP.

ELOSSs V. BRADY- FOR D. CLARK.

DIBOSON PRODUCTION BY 2- TQ 5-GEV/C PIONS, A. R. CLARK, B.
CORKy T. ELIOFFy, L. T. KERTH, T. N. RANGASWAMY, AND
W. A. WENZEL.
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MEASUREMENT OF THE BRANCHING RATIG K—-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORK, T. ELIOFF, C. KEEFE, L. T. KERTH, J.
F. MCREYNOLDS, O. NEWTON, AND W. A. WENZEL.

NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORK, Ds KEEFE, L. T. KERTH, D. NEWTON, AND W. A.
WENZEL. v

PROTON HELIUM-3 POLARIZATION FRGM 10 TO 20 MEV, W. F. TIVOL,
P. J. CLARK, H. E. CONZETT, J. S. MCKEE, ANG R. J.
SLOBOORIAN.

INFLUENCE OF CLEARING ELECTRODES CN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

LINDA, T. CLEMENTS FOR C. DOLS.

CLOUDY, V. MORGAN AND 0. HALL.

INFLUENCE OF CLEARING ELECTRODES ON THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

COBWEB.

POWELL-BERGE DATA REDUCTION, J. VISSER, B. ALBRECHT, AND E.
COLEMAN, M. MYERS, AND H. HANERFELD.

POP-7, P. COLLUM.

TRIM, J. COLONIAS, B. BURKHART, R. HEALEY, AND R. AHLSTRAND.

FIELD, J. COLONIAS.

TRANSPORT, J. COLONIAS.

TRANSIENT DIFFUSION IN A COMPOSITE SLAB, P. CONCUS AND D.
OLANDER.

COMPUTATIONAL PROGRAM TO INVESTIGATE STABILITY OF PARTICLES,
L. Jo LASLETT.

COMPUTER OPERATIONS.

MATHEMATICS AND COMPUTING SERVICES, K. K. CURTIS.

TRANSIENT DIFFUSION IN A COMPOSITE SLAB, P. CONCUS AND D.
OLANDER. : ,

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/Cy P.
CONDON, W. CHINOWSKY, W. GAGE, R. KINSEY, S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHULTZ. '

THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED CROP, W.
Jo SWIATECKI AND C. F. TSANG. '

CONFIDENCE INTERVALS FOR AVERAGE WEIGHT IN MICE, W. HOGAN.

72- TO 82-iINCH CHAMBER CONVERSICN.

PROTON HELIUM-3 POLARIZATION FRCM 10 TO 20 MEV, W. F. TIVOL,
P. J. CLARK, H. E. CONZETT, J. S. MCKEE, ANC R. J.
SLOBODRIAN.

DIBOSON PRODUCTION BY 2- TO 5-GEV/C PIONS, A. R. CLARK, B.
CORK, T. ELIOFF, L. T. KERTH, T: N. RANGASWAMY, AND
W. A. WENZEL.

MEASUREMENT OF THE BRANCHING.RATIO K-PLUS GOES TO E-PLUS NU
/ K-PLUS GDES TO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORK, T. ELIOFF, D. KEEFE, L. T. KERTH, J.
F. MCREYNOLDS, D. NEWTON, ANC W. A. WENZEL.

NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORK, D. KEEFE, L. T. KERTH, D. NEWTON, ANC W. A.
WENZEL. :

SEARCH FOR MASSIVE PARTICLES IN COSMIC RAYS, B. CORK.

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMES, D. S. AYERS,
0. O. CALOWELL, A. W. CORMACK, V. ELINGS, A. J.
GREENBERG, R. W. KENNEY, AND R. J. MORRISGN.

SEARCH FOR MASSIVE PARTICLES IN COSMIC RAYS, B. CORK.

COSTAL, M. SIMMONS FOR B. KINCKLEY.

SINGULARITIES OF MULTIPARTICLE SCATTERING FUNCTEONS, J.
COSTER AND H. P. STAPP.

COULOMB EFFECTS IN STRONG-INTERACTION SCATTERING, C. S.
BEDER.

RESPONSE OF DECUPLET MASSES TO GCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COUPLINGS, R. Co SLANSKY.

K-ZERQ2 INTERACTIONS ANG DECAYS, J. KADYK, J. CHAN, D.
COYNE, Y. OREN, B. C. SHEN, AND G. H. TRILLING.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/C, D. COYNE,
R. BUTLER, P. GAPOSCHKIN, AND J. MACNAUGHTON.

HIGH-ENERGY BEAM OPTICS, D. COYNE, 4. KADYK, AND R. BUTLER.

NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.
BUTLER.

HYPERON PRODUCTION AND DECAY, J. A. ANDERSON, F. S.

: CRAWFORD, AND J. C. DOYLE. '

RADIATIVE HYPERON PRODUCTION OR GECAY, R. A. GROSSMAN AND F.
S. CRAWFORD.

LIFETIMES OF K-ONE-ZERO AND LAMBDA, R. L. GOLDEN AND F. S.
CRAWFORD. _

SEARCH FOR ETA GOES TO PI-PLUS PI-MINUS PI-ZERG ANC ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
S. CRAWFORD. -
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AN ANALYSIS OF ETA GOES TO PI-PLUS PI-MINUS PI-ZERG AND THE
BRANCHING RATIO ETA GOES TC 3 PI-ZERO, L. R. PRICE
ANO F. S. CRAWFORD. ’

RADIATIVE PION PRODUCTIGN, R. A. GROSSMAN, L. R. PRICE, AND
Fe S. CRAWFORD.

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON)
AND ELASTIC (K-MINUS PROTCN GOES TO K-MINUS PROTON)
REACTIONSy Mo ALSTON-GARNJOST, R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORDs L. Ko GERSHWIN, D.
Jo HERNDONy G R. LYNCH, T. S. MAST,

HAZE, J. CRAWFORDy C. OSBORNE, J. GREENE, B. KOGER, D. HALL,
AND H. WHITE.

CAPR, J. TYSGN, J. CRAWFORDs K. LYNN, F. WINODORSKI, D.
BUDENAERS, 0. HALL, H. WEITE, N. JONTLLEVIC, AND J.
FRANZ.

CRAWL, B. LEVINE FOR J. LASLETT.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONSy C. B. CHIUy S. Y. CHU, AND L. L. WANG.

CROSSy MICRO, AND DIFFER, N. BRCWN FOR N. GLENDENNING.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING
RELATIONSy Je. V. LEPORE ANC R. J. RIDCELL, JR.

SU(2) CROSSING-MATRIX ELEMENTS, H. LEE.

SPARK-CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROULP.

NEUTRAL BEAM AT SLACy K. M. CROWE, D. DORFANy D. Ho MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.

PION FORM FACTORy K. M. CROWE, A. PARSONS, AND A. FAINBERG.

NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORKy D. KEEFE, L. T. KERTH, O. NEWTON, ANC W. A.
WENZEL. .

MATHEMATICS AND COMPUTING SERVICES, K. K. CURTIS.

PION-NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH

- REGGE CUTSy C. B. CHIU ANC J. FINKELSTEIN.

STUDY OF K-PLUS GDES TO PI-PLUS + 2 GAMMA, M. CHEN, D.
CUTTSy M. DEUTSCHy P. KIJEWSKIy R. STIENING, AND C.
WIEGAND.

CYOE.

LOW-MASS KAON-ANTIKAON SYSTEMS PROCUCED IN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cy R. I. HESSy 0. I. DAHL,
L. M. HARDY, J. KIRZy ANC C. H. MILLER

DECAY PROPERTIES OF THE A-SUB2(1320) MESON, S. U. CHUNG, O.
I. DAHL, L. M. HARDYy R. I. HESSs Jo KIRZy AND D. H.
MILLER. . :

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTON INTERACTIONS.
THREE-AND-MORE-BOOY FINAL STATESy O. I. DAHL, L. M.
HARDY s\ Ra I. HESSy Jo KIRZ, AND D. H. MILLER.

PI66 EXPERIMENTy; M. A. ABOLINS, O. I. DAHLy J. S. DANBURG,
P. L. HOCHy J. KIRZy D. He MILLER, D. DAVIES, R. K.
RADERy G. A. SMITH, AND J. FANNING.

BP66 EXPERIMENT, O. I. DAHLy J. H. FRIEDMAN, J. KIRZ, D. B.
SMITHy L. He SMITHy R. J. SPRAFKA, ANC M. WAHLIG.

NEUTRAL-DIBOSON. SPARK-CHAMBER EXPERIMENT, 0. I. DAHL, M.
PRIPSTEIN, AND M. WAHLIG. ’

PI66 EXPERIMENT, M. A. ABOLINS, G. I. DAHL, Jo S. DANBURG,
P. L. HOCHy J. KIRZy, Do H. MILLER, D. DAVIES, R. K.
RADER, G. Ae. SMITH, AND J. MANNING.

DAPR, J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, O.
BUDENAERSy DO. HALL, He WHITE, N. JONTULEVICs AND J.
FRANZ.

DIFFERENTIAL CROSS SECTIONS FOR PROTON NEUTRCN GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TO NEUTRON
ANTINEUTRON . REACTIONS, F. ARBAB AND J. W. DASH.

DATA PROCESSINGy FRANCKENSTEIN ANC FSD EVENTS.

DATA-REDUCTICON OPERATIONS, ALVAREZ GROUP.

OATA-REDUCTION DEVELOPMENT, ALVAREZ GROUP.

POWELL-BIRGE DATA REDUCTION, J. VISSER, B. ALBRECHT, AND E.
CGLEMAN, M. MYERS, AND H. HANERFELD.

PRODUCTION AND DECAY QF CASCADE ‘HYPERONS, P. DAUBER, J. P.
BERGE, AND J. R. HUBBARD.

STUDY OF THE REACTION K-MINUS PROTON GOES TGO SIGMA-PLUSMINUS
PI-MINUSPLUS, A. BARBARO-GALTIERI AND P. OAUBER.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. We. ALVAREZ, J.
A. ANDERSON, P. - DAUBER, A. KIRSCHBAUM, L. J. LLOYD,
Re MULLERy D. B. SMITH, L. Ho SMITH, M. WAHLIG, L.

. VAN LCON, AND V. WALUCH.

P166 EXPERIMENT, M. A. ABOLINS, CO. I. DAHL, J. S. DANBURG,
P. L. HOCHy J. KIRZy D. H. MILLER, D. DAVIES, R. K.
RADERy G. A. SMITH, AND J. MANNING.
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00P-24 PROGRAMMING, D. ZURLINDEN.

HYPERON PRODUCTION AND GECAY, J. A. ANDERSON, F. S.
CRAWFORD, AND J. C. DOYLE.

RADIATIVE HYPERON PRODUCTION OR CECAY, R. A. GROSSMAN AND F.
S. CRAWFORD-.

DECAY PROPERTIES OF THE A-SUB2(1320) MESON, S. U. CHUNG, O.
I. DAHL, L. M. HARDY, R. I. HESS, J. KIRZ, AND D. H.
MILLER.. ~

PRODUCTION AND DECAY OF CASCADE WYPERONS, P. DAUBERs J. P.

. - BERGE, AND J. R. HUBBARD. .

CALCULATION OF ETA GOES TO PI-PLUS PI-MINUS PI-MINUS GAMMA
DECAY, D. S. BEDER.

ANALYSIS OF K~PLUS DECAY AT REST, M. ZELLER.

EXPERIMENTAL STUDY OF K-SUB-E4 CECAY, POWELL-BIRGE GROUP.

EXPERIMENTAL STUDY OF K-SUB-E3 LECAY, G. E. KALMUS AND A.
KERNAN. :

SIGMA-MINUS LEPTONIC DECAYS AND INTERACTIONS. .

K-ZERO2 INTERACTIONS ANC DECAYS, J. KADYK, J. CHAN, D.
COYNE, Y. OREN, Bi C. SHEN, AND G. H. TRILLING. .

RESPONSE OF CECUPLET MASSES TO GCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COUPLINGS, R. C. SLANSKY.

OMNI,. CHAT, AND CERIEN, R. HINKINS FOR W. GAGNON.

LINEAR-ACCELERATOR DESIGN PROGRAMMING.

K67 BEAM DESIGNy G. E. KALMUS, C. F. KANE, AND P.- S. SHERS.

RADIOFREQUENCY DETECTOR FOR HIGH—ENERGY PARTICLES, S. M. -
FLATTE, J. J. MURRAY, ANC S. G. WOJCICKI.

SOLUTION OF N/D EQUATIONS BY MEANS OF THE -DETERMINANTAL
APPROXIMATION, K. M. ONG. ,

K-MINUS INTERACTIONS IN DEUTERIUN. A. BARBARO-GALTIERI, A

© _RITTENBERG, AND M. MATISCN.

DEUTERON .MISSING-MASS EXPERIMENT, M. A. ABOLINS, G. A.
SMITHy AND L..H. .SMITH.

K-MINUS NEUTRON AND K-MINUS DEUTERON ELASTIC SCATTERING, G.

© E. KALMUS AND N. JEW.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TO

1580 MEV/C, C. WOHLs R. W. BLAND, J. CHAN, G.
GOLDHABER, S. GOLDHABER, V. SEEGER, AND G. H.

.. TRILLING.

K-PLUS DEUTERON INTERACTIONS, As HIRATA, S. GOLDHABERs G.
GGLDHABER, G. H. TRTILLING, R. W. BLANC, J. KAOYK, C.
WOHLs B. C. SHEN, B. M. SCHWARTZCHILD, AND V. SEEGER.

STUDY OF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, D.
CUTTSy M. DEUTSCHs P. KIJEWSKI, R. STIENING, AND C.
WIEGAND.

RADIATION TREATMENT FOR DIABETES MELLITUS, OATA PROCESSING,

© W. HOGAN, T. MAHAN, AND M. HOROWITZ.

DIBOSON PRODUCTION BY 2- TO 5-GEV/C PIONS, A. R. CLARK, B.
€ORKy T. ELIOFF, Lo T. KERTH, T. N. RANGASWAMY, AND
We A. WENZEL.

CROSS, MICRO, AND DIFFER, N. BROWN FOR N. GLENDENNING.

DIP-=BUMP -STRUCTURE.IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, C. B. CHIUs S. Y. CHU, AND .L. L. WANG.

DIFFERENTIAL-CROSS—-SECTIONS FOR PROTON NEUTRON GOES TO
NEUTRON .PROTON AND PROTON ANTIPROTON GOES TQ NEUTRON
ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH.

TRANSIENT DIFFUSION IN A COMPOSITE SLAB, P. CONCUS AND D.
OLANDER. . .

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, Ce Be CHIUs; S. Y. CHUy AND L. L. WANG.

APPLICATION OF A SUPERPOSITION GF A REGGE~POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-NMINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BROWER.

STRUCTURE' OF THE LEFT-HAND DISCCNTINUITY OF THE FULL
PARTIAL-WAVE AMPLITUDE, J." BINSTGCK. '

DISPERSION-RELATION REPRESENTATION OF THE FULL
OFF—ENERGY-SHELL PARTIAL~WAVE AMPLITUDE, T. R.

MCNGAN. .
DISTRIBUTIGN FUNCTIONS FUR PARTIGLE BEAMS: F. SACHERER AND
. SMITH.
AGE DISTR[BUTIONS OF STOCHASTICALLY D[VIDING POPULATICONS, G.
C. NOONEY.

LINDAy T. CLEMENTS FOR C. DGLS. :
NEUTRAL BEAM AT SLAC, K. M. CROWE, 0. DORFAN, D. Ho MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.
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HYPERQN PRODUCTION AND OECAY, J. A. ANDERSON, F. S.
CRAWFCGRDy AND J. C. DOYLE.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMCGENEOUS
PLASMA [N THE SMALL-LARMCR-RADIUS LIMIT, C. S. LIU.

THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED DROP, W.
Jeo SWIATECKI ANC C. F. TSANG.

D66 EXPERIMENT, P. EBERHARD, G. Re. LYNCH, ANC M. PRIPSTEIN.

MEASUREMENT OF THE BRANCHING RATIC K-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS Ny, C. M. ANKENBRANDT, A. R.
CLARKy Be CORKy, T. ELIOFFy, C. KEEFEs, L. T. KERTH, J.
F. MCREYNOLDS, D. NEWTON, AND W. A. WENZEL.

PI-ZERO PI-ZERDC NEUTRON EXPERIMENT, T. RISSER AND R. D.
EANDI.

K-ZERQO-L GOES TO PI-ZERO + PI-ZERCs D. CHENGy R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKERs C. REY, D. CALCWELL, R. CENCE, B. JONES,
V. PETERSON, AND V. STENGER.’ .

APOLLO EARTH-ORBITAL EXPERIMENT, k. H. HECKMAN.

REACTIONS K-MINUS PROTON GOES TC SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZEROy P. EBERHARD
AND M. PRIPSTEIN. ' '

D66 EXPERIMENT, P. EBERHARD, G. R. LYNCH, ANC M. PRIPSTEIN.

FLUX PUMP, P. EBERHARD.

EDELSs Re HINKINS FOR N. EDELSTEIN.

EDELSy Re. HINKINS FOR N. EDELSTEIN.

EDIT, B. ALBRECHT AND M. MYERS.

.CHARGE—-EXCHANGE (K-MINUS PROTON GGES TO ANTIK-ZERO NEUTRON)

AND ELASTIC (K-MINUS PROTON GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJCST, R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORDy L. Ko GERSHWIN, D.
Jo HERNDON, G. Re LYNCH, T. S. MAST,

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTCN ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CHIUsy Ra Jo RIDDELL,y JR.y W.

. RARITA, AND J. N. PHILLIPS.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, C. B. CHIUy, S. Y. CHUy AND L. L. WANG.

K—-MINUS NEUTRON AND K-MINUS DEUTERCN ELASTIC SCATTERING, G.
E. KALMUS AND N. JEW. ’

POLARTZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC

SCATTERING FROM 250 TO 416 MEV, W. GORNsy C. C.
MOREHOQUSE, T. M. POWELL, P. R. ROBRISHs S. ROCK, S.
SHANNON, H. M. STEINER, ANC K. WEISBERG. -

K—PLUS PROTON ELASTIC SCATTERINGy C. WOHLs R. W. BLAND, J.
CHAN,. G. GOLDHABER, S. GCLCHABER, V. SEEGER, AND G.
He TRILLING.

CALCULATION OF NUCLEON-NUCLEON MOMENTUM-DEPENDENT
INTERACTION AND 'OTHER ELASTIC-SCATTERING PROCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIMENTSy C. Heo JOHNSCON, JR.y
0. CHAMBERLAIN, P. D. GRANNIS, M. J. HANSROUL, AND H.
M. STEINER.

INFLUENCE OF CLEARING ELECTRODES GN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. Jo. LASLETT.

MEASUREMENT OF THE PION ELECTROMAGNETIC FORM FACTOR, T.
MOTTERSHEAD.

ELECTRON LINAC, D. W. PCUNDS.

ELECTRONS IN HEAVY-LIQUID BUBBLE CHAMBERS, G. E. KALMUS AND
D. F. KANE. o

SU(2) CROSSING-MATRIX ELEMENTS, H. LEE.

COMPARISGN GF PI-PLUS AND PI-MINUS LIFETIMES, D. S. AYERS,
D. O. CALDWELL, A. W. CORMACK, V. ELINGS, A. J.
GREENBERG, R. W. KENNEY, ANC R. J. MORRISON.

DIBOSCON PRODUCTION BY 2- TO 5-GEV/C PIONS, A. R. CLARK, B.
CCRKy T. ELIOFFy Lo T. KERTH, T. N. RANGASWAMY, AND
We Ae. WENZEL.

MEASUREMENT OF THE BRANCHING RATIO K-PLUS GOES TGO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORK, T. ELIOFF, C. KEEFE, L. T. KERTH, J.
Fo MCREYNOLDS, D. NEWTON, AND W. A. WENZEL.

ELOSSs V. BRADY FOR D. CLARK.

PI-PLUS PROTON INTERACTIONS FROM 2.9 THROUGH 4.3 GEV/C, D.
G. BROWNy R. We BIRGE, R. P. ELYy G. GIDALy AND G. E.
KALMUS.
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REACTIONS K-MINUS NEUTRON GOES TC LAMBDA PI-NINUS AND
K-~MINUS PROTON GOES TO LAMBDA PI-ZERO, R. P. ELY, G.
E. KALMUS, AND W. M. SMART.

K-MINUS PROTON GOES TO LAMBOA PI-ZERO AND K-MINUS PROTON
GOES TO ANTIK-ZERO NEUTRCN, R. ELY ANL J. LCUIE.

POLARIZATION IN THE PI-MINUS PRCTON GOES TO PI-ZERC NEUTRON
PROCESS AT HIGH ENERGIESs N. F. BALI AND Re We.
HAYMAKER.

PANALs PACKAGE, AND EPC, J. MILLER.

ROLE QOF THE RELATIVE-TIME VARIABLE IN THE BETHE-SALPETER
EQUATION, K. D. ROTHE.

NUMERICAL STUDY OF THE UNEQUAL-MASS BETHE-SALPETER LADDER
EGUATION, W. B. KAUFMANN.

SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATION
TWO-BGDY SCATTERING AMPLITUCES IN ALL OFF-SHELL
VARIABLES, Re. HAYMAKER.

NUCLEAR THOMAS-FERMI ECQUATION, W. L. MYERS AND W. J.
SWIATECKI.

PLASMA KINETIC EQUATION, A. N. KAUFMAN.

SEARCH FOR A TRANSPORT EQUATION APPLICABLE TC DILUTE
POLYATOMIC GASESy W. WOLLMAN.

SOLUTION OF N/D EQUATIONS BY MEANS OF THE DETERMINANTAL
APPROXIMATION, K. M. ONG.

EQUILIBRIUM CONFIGURATICONS OF RCTATING, CHARGED,s COR
GRAVITATING LIQUID MASSES, W. J. SWIATECKI.

CALCULATION OF IRON UPTAKE AS A FUNCTION OF ERYTHRGN AGE, G.
C. NOCNEY, AND T. MAHAN.

SEARCH FOR ETA GOES TO PI-PLUS PI-MINUS PI-ZERC ANC ETA GOES
T0 PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
Se CRAWFORD.

AN ANALYSIS OF ETA GOES TO PI-PLUS PI-MINUS PI-ZERQ AND THE
BRANCHING RATIO ETA GOES TC 3 PI-Z&EROs L. R. PRICE
AND F. S. CRAWFORD. .

K-MINUS PROTON GOES TO LAMBDA ETA, Se. M. FLATTE ANC C. G.
WOHL .

CALCULATION OF ETA GOES TO PI-PLUS PI-MINUS PI-MINUS GAMMA
DECAY,y D. S. BEDER.

EVENT-ACCOUNTING PROGRAMMING, S. BUCKMAN AND C. OSBORNE.

DATA PROCESSING, FRANCKENSTEIN ANC FSD EVENTS.

EFFECT OF INTRAMULTIPLET MASS DIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
SU(3)y A. E. EVERETT AND R. CHU.

CORRECTIONS OF THE 1/ND METHOD, A. E. EVERETT.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON—-14 MONOXIDE IN ANIMAL BREATH, M. HORGVITZ.

APPLICATION OF A SUPERPOSITION GF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BRCWER.

T-CHANNEL EXCHANGE FORCES IN PICN-NUCLEGON STATIC-MGDEL
CALCULATIONS, F. L. MARKLEY.

CALCULATION OF NUCLEON-NUCLEON FCMENTUM-DEPENDENT
INTERACTION AND OTHER.ELASTIC-SCATTERING PROCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

EXTENDIBLE-ENERGY SYNCHROTRONS, A. A. GARRENs G. R.
LAMBERTSONy E. Jo LOFGREN, AND L. SMITH.

PION FORM FACTOR, K. M. CROWE, A. PARSONS, AND A. FAINBERG.

FAIRy L. SHALZ AND 0. HALL. ’

FINDME, G. LITTON FOR J. PHILLIPS. . :

6600 PROGRAMMING, R. TRACYs J. KNIGHT, R. FINKs; C. SYMONS,
M. LONGy AND D. STEVENS.

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER. . : .

6411 PROGRAMMING, S. PENNY, J. BORGES, Ra. FINK, J. GLASNER,
We. HUTCHINSON, AND D. BRAINARD.

PION~NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH
REGGE CUTSy C. B. CHIU AND J. FINKELSTEIN.

LORENTZ POLE HYPOTHESISs Jo FINKELSTEIN ANO J. M. WANG.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TQ. THE
S-CHANNEL BARYON SPECTRUM FOR PION-NUCLEON
SCATTERINGy Do S. BEDER AND J. FINKELSTEIN.

PI-PLUS PROTON INTERACTIONS AT S GEV/C, A. FIRESTONE, B. C.
SHENs, AND G. GOLOHABER.

IMPLICATION OF ASSUMED MAXIMUM ANALYTICITY OF FIRST-CEGREE
AND FIXED-T-POWER BEHAVIGR, C. B. CHIU AND C. I. TAN.
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THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED CROP, W.
Je SWIATECKI AND C. F. TSANG.

SEPARABLE POTENITAL FIT TO NUCLECN-NUCLEON SCATTERING DATA
FROM O TO 400 MEV, T. R. MONGAN.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON-14 MONOXICE IN ANIMAL BREATH, M. HOROVITZ.

IMPLICATION OF ASSUMED MAXIMUM ANALYTICITY OF FIRST-CEGREE
AND FIXED-T-POWER BEHAVICR, C. B. CHIU AND C. I. TAN.

K-MINUS PROTGN GOES TO LAMBDA ETA, S. M. FLATTE ANC C. 6.
WOHL. '

PARTICLE YIELDS AND SECONDARY BEAMS AT SLAC, S. M. FLATTE,
Jo J. MURRAY, AND S. G. WOJCICKI.

RADIQFREGUENCY DETECTOR FOR HIGH-ENERGY PARTICLES, S. M.
FLATTE, J. J. MURRAY, ANC S. G. WOJCICKI.

FLIB, FRANCKENSTEIN DATA LIBRARY PROGRAM, D. ARMSTRONG AND
Jo ALVAREZ.

FLUX PUMP, P. EBERHARD.

FLUX.

FOG, J. FRANZ, D. HALL, -AND F. WINCORSKI.

FOGGY.

PION FORM FACTOR, K. M. CROWE, A. PARSONS, AND A. FAINBERG.

BERGMAN-WEIL FORMULA, J. WRIGHT.

PERIPHERAL MODELS INVOLVING MESCN-NUCLEON REACTIONS LEADING
TO A FOUR-BODY FINAL STATE, I. KRAMER.

FLIB, FRANCKENSTEIN DATA LIBRARY PROGRAM, D. ARMSTRONG AND
J. ALVAREZ.

DATA PROCESSING, FRANCKENSTEIN ANE FSD EVENTS.

FOG, J. FRANZ, D. HALL, AND F. WINDORSKI.

DAPR, J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, 0.
BUDENAERS, D. HALL, H. WHRITE, N. JONTULLEVIC, AND J.
FRANZ.

THE REACTIONS K-MINUS PROTON GOES TQ PROTON ANTIK-ZERG
PI-ZERO PI~MINUS AND K-MINUS PROTON GOES TO NEUTRON
ANTIK-ZERQ PI-PLUS PI-MINUS, J. H. FRIEDMAN ANDO R. R.
ROSS.

BP66 EXPERIMENT, 0. I. DAHL, J. H. FRIEDMAN, J. KIRZ, D. B.
SMITH, L. H. SMITH, R. J. SPRAFKA, ANC M. WAHLIG.

OATA PROCESSING, FRANCKENSTEIN ANC FSD EVENTS.

K-PLUS PROTON INELASTIC FINAL STATES, R. W. BLAND, M.
BCWLER, J. CHAN, G. GOLDr-ABERs S. GOLCHABERs V.
SEEGER, G. He TRILLING, AND C. FU.

SINGULARITIES OF MULTIPARTIGLE SCATTERING FUNCTIONS, J.
COSTER AND H. P. STAPP.

PROTON-PROTON AND PROTON-NEUTRGN INTERACTIONS AT 6 GEV/C, P.
CONDON, W. CHINOWSKY, W. GAGE, R. KINSEY, S. KLEIN,
‘M. MANDLEKERN, P. SCHMIOT, AND J. SCHULLTZ.

OMNI, CHAT, AND DERIEN, R. HINKINS FOR W. GAGNON.

SEARCH FOR ETA GOES TO PI-PLUS PI-MINUS PI-ZERO AND ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
S. CRAWFORD.

CALCULATION OF ETA GOES TO PI-PLUS PI-MINUS PI-MINUS GAMMA
DECAY, D. S. BEDER.

MU~MINUS~CAPTURE GAMMA RAYS, S. N. KAPLAN. ‘

STUDY OF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, C.
CUTTS, M. DEUTSCH; P. KIJEWSKI, R. STIENING, AND C.
WIEGAND.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/C, D. COYNE,
R. BUTLER, P. GAPOSCHKIN, AND J. MACNAUGHTON.
COMPREHENSIVE MASS—STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,

R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5- AT THE BEVATRON, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

EXTENDIBLE-ENERGY SYNCHROTRONS, A. A. GARREN, G. R.
LAMBERTSON, E. J. LOFGREN, AND L. SMITH.

SEPARATED-FUNCTION 200-GEV SYNCFRCTRON, A. A. GARREN.

LP-90, J. YOUNG FOR A. GARREN.

SEARCH FOR A TRANSPORT EQUATION APPLICABLE TG DILUTE
PCGLYATQMIC GASES, W. WOLLMAN.

GASP, K. WILEY.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN, V. PEREZ-MENDEZ,
S. WILLIAMS, B. GAULDs ANC J. SPERINDE.

B-L SPACE AND GECMAGNETIC FIELD MODELS, H. H. HECKMAN
AND P. J. LINDSTROM.

CHARGE-EXCHANGE (K-MINUS PROTON GOES TQ ANTIK-ZERQ NEUTRON}
AND ELASTIC (K-MINUS PRGTON GOES TO K-MEINUS PROTON)
REACTIONS, M. ALSTON-GARNJOST, R. 0. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORD, L. K. GERSHWIN, D.
J. HERNDON, G. R. LYNCH, T. S. MAST,
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LOW-MASS KAON-ANTIKAON SYSTEMS PRGDUCED IN PI-MINUS PROTON
INTERACTIONS BELCW 5 GEV/Cy R. L. HESS, 0. I. DAHL,
L. M. HARDY, J. KIRZy ANC C. H. MILLER

PI-PLUS PROTON INTERACTIONS FROM 1.3 THROUGH L.7 GEV/C,

" POWELL-BIRGE GRGUP.

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDON, W. CHINOWSKY, W. GAGE, R. KINSEY, S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHULTZ.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/Cs D. COYNE,
R. BUTLER, P. GAPOSCHKIN, ANC J. MACNAUGHTON.

PI-PLUS PROTON INTERACTIONS FROM 2.9 THROUGH 4.3 GEV/C, . D.
G. BROWN, R. W. BIRGE, R. P. ELY, G. GIDAL, AND G. E.
KALMUS. .

6411 PROGRAMMING, S. PENNY, J. BORGES, R. FINK, J. GLASNER,
W. HUTCHINSON, AND D. BRAINARD.

CROSS, MICRO, AND DIFFER, N. BRCWN FOR N. GLENDENNING.

LIFETIMES OF K-ONE-ZERQ AND LAMBCAs R. L. GOLDEN AND F. S.
CRAWFORD. :

TRILLING-GOLCHABER DATA REDUCTIONs J. ALVAREZ, D. ARMSTRONG,
€. BURNS, D. LAMB, AND J. MILLER.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TO
1580 MEV/Cs C. WOHL, R. k. BLAND, J..CHAN, G.
GOLDHABER, S. GOLDHABER, V. SEEGER, AND G. k.
TRILLENG.

K-PLUS PROTON ELASTIC SCATTERINGy C. WOHLy, R. W. BLAND, J.
CHAN, G. GOLDHABER, S. GCLOHABER, V. SEEGER, AND G.
H. TRILLING.

PI-PLUS PROTON INTERACTIONS AT S GEV/Cs A. FIRESTONE, B. C.
SHEN, AND G. GOLCHABER.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 41C MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELLs P. R. ROBRISHy Se ROCK, S.
SHANNON, H. M. STEINER, ANC H. WEISBERG.

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIVENTS, C. H. JOHNSONs JR.s
O. CHAMBERLAIN, P. D. GRANNIS, M. J. HANSRQUL, AND H.
M. STEINER. _

EQUILIBRIUM CONFIGURATIONS OF RCTATING, CHARGED, OR
GRAVITATING LIQUID MASSES, W. J. SWIATECKI.

SCATTERING GREEN'S FUNCTEON, J. V. LEPORE AND R. J. RIDDELL,
JR. ,

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMES, D. S. AYERS,
D. 0. CALDWELL, A. W. CORMACK, V. ELINGS, A. J.
GREENBERG, R. W. KENNEYs; AND R. J. MORRISON.

HAZE, J. CRAWFORDs C. OSBORNE, J. GREENE, B. KOGER, C. HALL,
AND H. WHITE. : .
RADIATIVE HYPERON PRODUCTION OR CECAY, R. A. GROSSMAN AND F.

S. CRAWFORD.
FIELDS CORRESPONDING TG A SELF-CONJUGATE MULTIPLET OF
_ HALF-INTEGRAL ISOSPIN, H. LEE.

HAZE, J. CRAWFORDs C. OSBORNE, J. GREENE, B. KOGER, D. HALL,
AND H. WHITE. ‘

CLOUDYs V. MORGAN AND C. HALL.

FOG, J. FRANZ, D. HALL, AND F. WINDORSKI.

DAPRs J. TYSONs J. CRAWFORD, K. LYNN, F. WINCORSKI, D.
BUDENAERS, D. HALL, H. WHITE, N. JONTULEVIC, AND J.
FRANZ.

POWELL-BIRGE DATA REDUCTION, J. VISSER, B. ALBRECHT, AND E.
COLEMAN, M. MYERS, AND H. HANERFELD.

LIONs H. HANERFELD.

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON

' ELASTIC-SCATTERING EXPERIMENTS, C. H. JOHNSON, JR.,
O. CHAMBERLAIN, P. D. GRANNIS, M. J. HANSROUL, AND H.
M. STEINER.

LOW-MASS KAON-ANTIKAON SYSTEMS PROCUCED IN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cs R. I. HESS, O. I. DAHL,
L. Ms HARDY, J. KIRZ, ANC C. H. MILLER

DECAY PROPERTIES OF THE A-SUB2(132C) MESONs S. U. CHUNG, O.
I. DAHL, L. M. HARDY, R. I. HESS,; J. KIRZ, AND D. H.
MILLER. B

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTCN INTERACTIONS.
THREE-AND~MORE-BODY FINAL STATES, Q. I. OAHLs L. M.

~ HARDYy R. I. HESS; J. KIRZ, AND D. H. MILLER.

FORM FACTORS AND SCATTERING AMPLITUGES THAT SATURATE THE
MARTIN-JAFFE BOUND, J. HARTE.

RESPONSE OF THE BINDING ENERGY TG SMALL PERTURBATIONS, J«
HARTE.
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SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATION
TWO-BCDY SCATTERING AMPLITUCES IN ALL OFF-SKELL
VARIABLES, R. HAYMAKER.

REGGE TRAJECTORIES FOR TWO-CHANNEL PROCESSES IN POTENTIAL
THEORYs N. F. BALI AND R. W. HAYMAKER.

POLARIZATION IN THE PI-MINUS PRCTCN GOES TO PI-ZERQ NEUTRON
PROCESS AT HIGH ENERGIESs N. F. BALI AND R. W.
HAYMAKER.

HAZE, J. CRAWFORD, C. OSBORNE, J. GREENE, B. KOGER, D. HALL,
AND H. WHITE.

TRIM; J. COLONIAS, B. BURKHART, R. HEALEY, AND R. AHLSTRAND.

TIDE I, TIDE I1, AND INCEX, R. N. FEALEY FOR R. K. WAKERLING
AND G. SMITH. '

GROUP, CORRECT, RATE I, RATE -1I, REPORT, STATUS, AND BASIS,
R. HEALEY FOR J. STARK.

HEALTH PHYSICS, H. W. PATTERSON.

ELECTRONS IN HEAVY-LIQUID BUBBLE CHAMBERS, G. E. KALNUS AND
D. F. KANE.

TRAPPED PROTONS AT LOW SATELLITE ALTITUDES, k. H. HECKMAN.

STOPPING-POWER DIFFERENCES OF PI PLUSMINUS MESONS, He H.
HECKMAN, »

B-L SPACE AND GEOMAGNETIC FIELD MODELS, H. H. HECKMAN
AND P. J. LINDSTROM.

APCLLO EARTH-ORBITAL EXPERIMENT, F. H. HECKMAN.

DIRECT DERIVATION OF ANALYTICITY PROPERTIES OF HELICITY
AMPLITUDESs H. P. STAPP.

HELIUM-FILLED WIDE-GAP CHAMBER PRCJECT, A. STETZ, V.
PEREZ-MENDEZ, ANC J. SPERINCE.

PROTON HELIUM-3 POLARIZATION FRCV 10 TO 20 MEV, W. F. TIVOL,
P. J. CLARKs; H, E. CONZETT, J. S. MCKEE,; AND R. J.
SLOBOCRIAN.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN, V. PEREZ-MENDEZ,
S. WILLIAMS, B. GAULDs ANC 4. SPERINDE.

K-ZERO-L GOES T0 PI-ZERQ + PI-ZERG, D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, h. OLIVER,
S. PARKER, C. REY, D. CALLWELL, R. CENCE, B. JONES,
V. PETERSON, ANC V. STENGER.

CHARGE-EXCHANGE (K-MINUS PROTON GCES TO ANTIK-ZERO NEUTRON)
AND ELASTIC (K-MINUS PROTCN GOES TO- K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJEST, R. O. EANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORDs L. K. GERSHWIN, D,
J. HERNDONs G. R. LYNCH, T. S. MAST,

LOW-MASS KAGON-ANTIKAON SYSTEMS PRGDUCEC IN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cs R. I. HESS, 0. I. DAHL,
L. M. HARDYs J. KIRZs; ANC C. H. MILLER

DECAY PROPERTIES OF THE A-SUB2(1320) MESON, S. U. CHUNG, O.
I. DAHLy L. M. HARDY, R. I. HESS, J. KIRZ, AND D. H.
MILLER.

STRANGE—PARTICLE PRODUCTION IN PI-MINUS PROTCN INTERACTIONS.
THREE-AND-MORE-BODY FINAL STATES, O. I. DAHL, L. M.
HARDY, ‘R.-I. HESS, J. KIRZ, AND D. H. MILLER.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.
A. ANDERSON, P. DAUBER, A. KIRSCHBAUM, L. Ji LLOYD,
R. MULLER, D. B. SMITHy L. H. SMITHs; M. WAHLIG, L.
VAN LOONs AND V. WALUCH. ~

RADIOFREQUENCY DETECTOR FOR HIGK-ENERGY PARTICLES, S. M.
FLATTEs J. J. MURRAY, ANL S. G. WOJCICKI.

HIGH-ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOGTSTRAP
MODELs S. Yo CHU-AND C. To TAN. - - -

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PRGTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFERy C. B. CHIUs R. J. RIDDELLs JR.y W.
RARITA; AND J. N. PHILLIPS. : ‘

HIGH-ENERGY BEAM OPTICS, D. COYNE, J. KAOYK, AND R. BUTLER.

EDELS, R. HINKINS FOR N. EDELSTEIN.

CHRYS, R. HINKINS FOR P. PETROFF. :

OMNI, CHAT, AND DERIEN, R. HINKINS FOR W. GAGNON.

K—PLUS DEUTERON INTERACTIONS, A. HIRATA, S. GOLDHABER, G.
GOLDHABERy G. H. TRILLING, R. W. BLANL, J. KADYKs C.
WOHL, B. C. SHEN, B. M. SCHWARTZCHILD, AND V. SEEGER.

STAP3, D. WILBER FOR T. HITCHCOCK.

POFO, D. JENSEN FOR T. HITCHCOCK.

P166 EXPERIMENT, M. A. ABOLINS; C. I. DAHLs J. S. DANBURG,
P. L. HOCH, J. KIRZ, D. H. MILLER, D. DAVIESs R. K.
RADER, G. A. SMITH, AND J. WANNING.

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PRCCESSING,
W. HOGAN, T. MAHAN, AND M. HOROWITZ.
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CONFIDENCE INTERVALS FOR AVERAGE WEIGHT IN MICE, W. HOGAN.

PROGRAMS FOR FITTING DATA ON THE TIME CQURSE OF EVOLUTION OF
CARBON-14 MONOXICE IN ANIMAL BREATH, M. HORCVITZ.

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PRGCESSING,

_ We HOGAN, T. MAHAN,; AND M. HOROWITZ.

PRODUCTION AND DECAY OF CASCADE HYPERONS, P. DAUBER, J. P.
BERGEs AND J. R. HUBBARD.

PYRMI, J. YOUNG FOR €. HUBBARD.

6411 PROGRAMMING, S. PENNY, J. BCRGESs, R. FINK, J. GLASNER,
We HUTCHINSON, AND 0. BRAINARD.

'25-INCH HYDROGEN BUBBLE CHAMBER

72-INCH HYDROGEN BUBBLE CHAMBER

HYPERON PRODUCTION AND CECAY, J. A. ANDERSON, F. S.
CRAWFORD, AND J. C. DOYLE.

RADIATIVE HYPERON PRODUCTION OR CECAY, R. A. GROSSFMAN AND F,
S. CRAWFORD.

PARASTATISTICS AND IDENTICAL PARTICLES, ‘H. P. STAPP.

IMPLICATION OF ASSUMED MAXIMUM ANALYTICITY OF FIRST-CEGREE

"AND FIXED-T-POWER BEHAVIOR, C. B. CHIL AND C, I. TAN.

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MODEL TQ
PION-NUCLEON DATA FOR PICN INCIDENT LABORATGRY
MOMENTA BELOW 6GEV/C, A. V. STIRLING AND C. B. CHIU.

TIDE I, TIDE 11, AND INCEXs R. N. HEALEY FOR R. K. WAKERLING
AND G. SMITH. ‘

REGGE-POLE MODEL FOR INELASTIC CUASI-TWO-BODY PROCESSES, G.
A. RINGLAND AND R. L. THEWS.

K-PLUS PROTON INELASTIC FINAL STATESs R. W. BLAND, M.
BOWLER, J. CHAN, G. GOLDHABERs S. GOLDHABER, V.
SEEGER, G. H. TRILLING, ANC C. FU.

CALCULATION OF NUCLEON-NUCLEON NMCMENTUM-DEPENDENT
INTERACTION AND OTHER ELASTIC—SCATTERING PROCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMOGENEOUS
PLASMA IN THE SMALL~LARMCR-RADIUS LIMIT, C. S. LIU.

INFLUENCE OF CLEARING ELECTRODES ON THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

APPLICABILITY OF THE RECGE-RESONANCE INTERFERENCE MODEL TO
PION-NUCLEON DATA FOR PICN INCIDENT ,LABORATORY
MOMENTA BELOW 6GEV/Cy A. V. STIRLING AND C. B. CHIU.

CONFIDENCE INTERVALS FOR AVERAGE WEIGHT IN MICEs W. HOGAN.

EFFECT OF INTRAMULTIPLET MASS DIFFERENCES ON-SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
SU(3), A. E. EVERETT AND R. CHU.

COMPUTATIONAL PROGRAM TO INVESTIGATE STABILITY OF PARTICLES,
L. Jo LASLETT.

CALCULATION OF IRON UPTAKE AS A FUNCTION OF ERYTHRON AGEs G.
C. NOONEY, AND T. MAHAN.

IRON KINETICS PROGRAMS, K. WILEY.

UNITARY IRREQUCIBLE REPRESENTATIONS OF COVERING GROUPS OF
THE LORENTZ GROUP, G. TINCLE.

FIELDS CORRESPONDING TO A SELF-CCNJUGATE MULTIPLET OF
HALF-INTEGRAL ISGSPIN; H. LEE.

EXISTENCE OF FIXED POLES IN THE J-PLANE AT NCNSENSE VALUES
OF Js S. MANDELSTAM AND L. L. WANG.

POFO, D. JENSEN FOR T. HETCHCOCK.

POP-8 PRGGRAM ART, D. JENSON AND B. POWELL FOR A.

-~ PASTKANYER.
SCOFF, D. JENSON FOR T. PARSONS.
L66, L. VARDAS AND D. JENSON.

. K-=MINUS NEUTRON AND K~MINUS DEUTERCN ELASTIC SCATTERINGy G.

E. KALMUS AND N. JEW.

PHASE-SHIFT ANALYSIS OF PI-PLUSNMINUS PROTON
ELASTIC-SCATTERING EXPERIVENTSy C. Heo JOHNSONy JR.y
0. CHAMBERLAIN, P. D. GRANNIS, M. J. HANSROULs AND H.
"Me STEINER.

K~ZERO-L GOES TO PI-ZERC + PI-ZERC, D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S« PARKERy Co REY, D. CALCWELL, R. CENCEs B. JONES,

) V. PETERSON, ANC V. STENGER.

DAPR, J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, D.
BUDENAERS, D« HALL, H. WHEITE, N. JONTULEVIC, AND J.
FRANZ. ’

184-INCH CYCLOTRON, D. L. JUDD ANC J. T. VALE.

K-MINUS PROTON GOES TO LAMBOA ETA, S. M. FLATTE ANC C. G.
WOHL.

THE REACTIONS K-MINUS. PROTON GOES TO ANTIK-ZERQO NELTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPP, AND C. G. WOhL.
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THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERO
PI-ZEROQ PI-MINUS AND K-MINUS PROTON GOES TO NEUTRON
ANTIK-ZERQ PI-PLUS PI-MINLS, J. H. FRIEDMAN AND R. R.
ROSS.

STUDY OF THE REACTION K-MINUS PROTCN GOES TO SIGMA-PLUSMINUS
PI-MINUSPLUS, A. BARBARG-GALTIERI AND P. DAUBER.

K-MINUS INTERACTIONS IN DEUTERILM. A. BARBARC-GALTIERI, A.
RITTENBERG, AND M. MATISCN.

REACTIONS K-MINUS PROTCN GOES TC SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN.

THE REACTION K-MINUS PROTON GOES TG LAMBDA + N PIONS.

CHARGE-EXCHANGE (K-MINUS PROTON GGES TO ANTIK-ZERQO NEUTRON)
ANG ELASTIC (K-MINUS PROTCN GOES TO K-MINUS PROTON)
REACTIONSy; M. ALSTON-GARNJGST, R. O. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORD, L. Ko GERSHWIN, D.
Jo HERNDON, G. R. LYNCH, T. S. MAST, ,

APPLICATION OF A SUPERPOSITION CF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV,s R.’BRCWER.

REACTIONS K-MINUS NEUTRON GOES TC LAMBDA PI-MINUS AND

° K-MINUS PROTON GOES TO LAMBOA PI-ZERG, R. P. ELYs G.
E. KALMUS, AND W. M. SMART.

K-MINUS NEUTRON AND K-MINUS DEUTERGN ELASTIC SCATTERING, G.
E. KALMUS AND N. JEW.

REACTIONS K-MINUS NEUTRON GOES TO LAMBDA PI-MINUS AND ,
K-MINUS PROTON GGES TO LAMBCA PI-ZERQ, R. P. ELY, G,
E. KALMUS, AND W. M. SMART.

K~MINUS PROTON GOES TO LAMBDA PI~ZERO AND K-FINUS PRCTON

‘ GOES TO ANTIK-ZERO NEUTRCN, R. ELY ANC J. LGUIE.

K-MINUS PROTON GOES TO LAMBOA PI PI, J. S. SAHOURIA.

MEASUREMENT OF K-MINUS-MESONIC X RAYS FROM LI, BE, B, AND
Cs C. WIEGAND ANDC D. MACK.

LIFETIMES OF K-ONE-ZERG AND LAMBDA, R. L. GOLDEN AND F. S.
CRAWFORD.

ANALYSIS OF K-PLUS DECAY AT REST, M. ZELLER.

MEASUREMENT OF THE BRANCHING RATIO K—-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORK, T. ELIOFF, C. KEEFE, L. T. KERTH, J.
F. MCREYNOLDS, D. NEWTON, AND W. A. WENZEL.

STUDY OF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, D.
CUTTS, M. DEUTSCH, P. KIJEWSKI, R. STIENING, AND C.
WIEGAND.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TO
1580 MEV/C, C. WOHL, Re w. BLAND, J. CHANs G.
GOLDHABER, S. GOLDHABER, V. SEEGER, AND G. H.
TRILLING. :

K-PLUS PROTON ELASTIC SCATTERING, C. WOHL, R. W. BLAND, J.
CHAN, G. GOLDHABER, S. GCLCHABER, V. SEEGER, AND G.
He TRILLING. _ .

EXPERIMENTAL STUDY OF K-SUB-E3 CECAY, G. E. KALMUS AND A.
KERNAN. v

EXPERIMENTAL STUDY OF K-SUB-E4 CECAY, POWELL~BIRGE GROUP.

STUDY OF K-ZERG.

K-ZERO-L .GOES TO PI-ZEROC + PI-ZERG, D. CHENG, R.-D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKER, C. REY, D. CALCWELL, R. CENCEy B. JONES,
V. PETERSON, ANC V. STENGER.

K-ZERD2 INTERACTIONS ANC DECAYS, J. KADYK, J. CHAN, C.
COYNE, Y. OREN, B. C. SHEN, AND G. H. TRILLING.

K-ZERQ2 INTERACTIONS ANC DECAYS, J. KADYK, J. CHAN, D.
COYNE, Y. OREN, B. C. SHEN, AND G. H. TRILLING.

K-PLUS DEUTERON INTERACTIONS, A. +IRATA, S. GOLDHABER, G.
GOLDHABER, G. He TRILLING, R. W. BLANCy J. KACYKs C.
WOHL, B. C. SHEN, B. M. SCHWARTZCHILD, AND V. SEEGER.

HIGH-ENERGY . BEAM OPTICS, 0. COYNE, J. KADYK, AND R. BUTLER.

NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, 0. COYNE, AND R.
BUTLER.

PI-PLUS PROTON INTERACTIONS FRQM 2.9 THROUGH 4.3 GEV/Cy D.
G. BRGWN, R. W. BIRGE, R. P. ELY, G. GIDAL, AND G. E.
KALMUS.

REACTIONS K-MINUS NEUTRON GODES TC LAMBDA PI-MINUS AND
K-MINUS PROTON GOES TO LAMBCA PI-ZERQ, R. P. ELY, G.
E. KALMUS, AND W. M. SMART.
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K-MINUS NEUTRON AND K—MINUS DEUTERCN ELASTIC SCATTERING, G.
E. KALMUS AND N. JEW. :

EXPERIMENTAL STUDY OF K-SUB-E3 CECAY, G. E. KALMUS AND A.
KERNAN. :

K67 BEAM DESIGN, G. E. KALMUS, C. F. KANE, AND P. S. SHERS.

ELECTRONS [N HEAVY-LIQUID BUBBLE CHAMBERS, G. E. KALMUS AND
D. F. KANE. -

K67 BEAM DESIGNs G. E. KALMUS, C. F. KANEs, AND P. S. SHERS.

LOW-MASS KAON-ANTIKAON SYSTEMS PRODUCED EN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cs R. I. HESS, O I. DAHL,
L. M. HARDY, J. KIRZ, ANC G. H. MILLER

MU-MINUS-CAPTURE GAMMA RAYS, S. N. KAPLAN.

PLASMA KINETIC EQUATION, A. N. KAUFMAN.

SPARK~CHAMBER PROGRAMMING; T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROUP.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN, V. PEREZ-MENDEZ,
S. WILLIAMS; B. GAULD, ANC J. SPERINDE.

NUMERICAL STUDY CF THE UNEQUAL-VASS BETHE-SALPETER LADDER
EGUATION, W. B. KAUFMANN.

MEASUREMENT GF THE BRANCHING RATIO K-PLUS GOES TO E-PLUS NU
/ K~PLUS GOES TO MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORK, T. ELIOFF, L. KEEFE, L. T. KERTH, J.
F. MCREYNOLDS, D. NEWTON, AND W. A. WENZEL.

NEUTRAL LEPTGNIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORK, D. KEEFE, L. T. KERTH, D. NEWTON, AND W. A.
WENZEL .

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMESs D. S. AYERS,
‘D. 0. CALOWELL, A. W. CORNMACKs V. ELINGS, A. J.
GREENBERG, R. W. KENNEY, ANC R. J. MGRRISON.

K-ZERO-L GOES 10 PI-ZERG + PI~ZERO, D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEYs; [. LINSCOTT, W. OLIVER,
S. PARKER, C. REY, D. CALCWELLs R. CENCE, B. JONES,
V. PETERSON, ANC V. STENGER.

EXPERIMENTAL STUDY OF K-SUB-E3 CECAY, G. E. KALMUS AND A.
KERNAN.

DIBOSON PRODUCTION- BY 2- TO 5-GEV/C PIONS, A« R. CLARK, B.
CORK, T. ELIOFF, L. T. KERTHs T. N. RANGASWAMY, AND
We A. WENZEL. _

MEASUREMENT OF THE BRANCHING RATIG K-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS NU, C. M. ANKENBRANCT, A. R.
CLARK, B. CORK, T. ELIOFF, C. KEEFE, L. T. KERTH, 4.
F. MCREYNOLDSs; D. NEWTON, AND W. A. WENZEL.

NUCLEON-NUCLEON TRIPLE SCATTERING, C. M. ANKENBRANODT, O.
CHEUNG, L. T. KERTH, K. C. LEUNG, AND P. SURKO.

STUDY QF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, C.
CUTTS, M. DEUTSCH, P. KIJEWSKI, R. STIENING, AND C.
WIEGAND.

. COSTALy M. SIMMONS FOR B. KINCKLEY.

PLASMA KINETIC EQUATION, A. N. KAUFMAN.

IRON KINETICS PROGRAMS, K. WILEY.

PROTON-PROTON -AND PROTCN-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDONy W. CHINOWSKY, W. GAGE, Re KINSEY, S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHULTZ.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.
A. ANDERSONs P. CAUBERy A. KIRSCHBAUM, L. J. LLOYD,
R. MULLER, D. B. SMITH, L. H. SMITH, M. WAHLIG, L.
VAN LOGN, AND V. WALUCH. :

LOW~-MASS KAON-ANTIKAON SYSTEMS PRODUCED IN PI-MINUS PROTCN
INTERACTIONS BELOW 5 GEV/C, R. I. HESS, 0. I. DAHL,

’ L. Mo HARDY, J. KIRZy ANC C. Ho MILLEF

DECAY PROPERTIES OF THE A-SUB2(1320) MESON, S. U. CHUNG, O.
I. DAHL, L. M. HARDY, R. I. HESSy J. KIRZy, AND D. H.
MILLER, :

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTON INTERACTIONS.
THREE-AND-MORE-BODY FINAL STATES, 0. I[. DAHL, L. M,
HARDYs R. I. HESSy J. KIRZ, AND D. H. MILLER.

P166 EXPERIMENT, M. A. ABOLINS, Q. I. DAHLy J+ S. DANBURG,
P. Lo HOCHy Jo. KIRZy Do to MILLER, Do DAVIES, R. K.
RADERy Ge. A. SMITH, AND J. MANNING.

BP66 EXPERIMENT, 0. I. DAHL, J. H. FRIEDMAN, J. KIRZ, D. B.
SMITHy Lo He SMITH, R. J. SPRAFKA, ANC M. WAHLIG.

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDONy W. CHINOWSKY, W. GAGE, R. KINSEY, S. KLEIN,
M. MANDLEKERNy P. SCHMIDT, AND J. SCHULTZ.

6600 PROGRAMMING, R. TRACY, J. KNIGHT, R. FINK, C. SYMONS,
M. LONG, AND D. STEVENS.

HAZE, J. CRAWFORDy C. OSBORNE, J. GREENE, B. KOGER, D. HALL,

’ AND H. WHITE. ' '
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PERIPHERAL MCDELS INVOLVING MESCN-NUCLEON REACTIONS LEADING
TO A FOUR-BODY FINAL STATE, I. KRAMER.

UAR/USA PYRAMID PROJECT, L. W. ALVAREZ, J. A. ANDERSCN, S.
BUCKINGHAM, J. H. BURKHARC, F. KREISS, AND L.
YAZOLING.

PIONIC X RAYS,; R. KUNSELMAN.

PI-MESIC ATOM X-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,
AND D. WELDON. ‘

K63 EXPERIMENT.

K65 EXPERIMENT.

K67 BEAM DESIGN, G. E. KALMUS, C. F. KANE, AND P. S. SHERS.

K72 EXPERIMENT.

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MOCEL TO
PION-NUCLEON DATA FGR PICN INCIDENT LABORATORY
MOMENTA BELOW 6GEV/C, A. V. STIRLING AND C. B. CHIU.

NUMERICAL STUDY OF THE UNEQUAL-MASS BETHE-SALPETER LADDER
EGUATION, W. B. KAUFMANN.

ARROW SYSTEM SUBROUTINES, 0. LANB.

TRILLING-GOLDHABER DATA REDUCTIGN, J. ALVAREZs D. ARMSTRONG,
E. BURNS, D. LAMB, AND J. MILLER.

LIFETIMES OF K-ONE-ZERG AND LAMBCA, R. L. GOLDEN ANC F. S.
CRAWFORD.

K—-MINUS PROTON GOES TO LAMBDA ETA, S. M. FLATTE ANC C. G.

- WOHL.

THE REACTIONS K-MINUS PROTON GOES TO ANTIK-ZERQ NELTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARD-GALTIERI, R. D. TRIPP, AND C. G. WOHL.

THE REACTIONS K-MINUS PROTON GOES TO LAMBDA PI-PLUS PI-MINUS
PI-ZERO AND K-MINUS PROTCN GOES TO LAMBDA PI-PLUS
PI-MINUS, D. M. SIEGEL ANC R. R. ROSS.

THE REACTION K-MINUS PROTON GOES TO LAMBDA + N PIGNS.

REACTIONS K—-MINUS NEUTRON GOES TO LAMBDA PI-MINUS ANC
K-MINUS PROTON GOES TO LAVWBCA PI-ZERQ, R. P. ELY, G.
E. KALMUS, AND W. M. SMART. ; -

K-MINUS PROTON GOES TO LAMBOA PI-ZERGC AND K-MINUS PROTON
GOES TO ANTIK-ZERQ NEUTRCN, R. ELY ANC J. LGUIE.

K-MINUS PROTON GOES TO LAMBOA PI PI, J. S. SAHOURIA.

STUDY OF THE REACTION K-MINUS PROTON GOES TO LAMBDA-ZERO
PI-PLUS PI-PLUS PI~MINUS PI-MINUS, P. DAUBER.

LAMBERTSON, AND L. J. LASLETT.

EXTENDIBLE-ENERGY SYNCHROTRONS, A. .A. GARREN, G. R.
LAMBERTSON, E. J. LOFGREN, AND L. SMITH.

LAMBERTSON, AND L. J. LASLETT.

COMPUTATIONAL PROGRAM TO INVESTIGATE STABILITY OF PARTICLES,
L. Jo LASLETT.

INFLUENCE OF CLEARING ELECTRODES GN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L: J. LASLETT.

CRAWL, B. LEVINE FOR J. LASLETT.

FIELDS CORRESPONDING TO A SELF-CONJUGATE MULTIPLET OF
HALF-INTEGRAL ISOSPIN, H. LEE.

SU(2) CROSSING-MATRIX ELEMENTS, #. LEE.

STRUCTURE OF THE LEFT-HAND DISCGNTINUITY OF THE FULL
PARTIAL-WAVE AMPLITUDE, J. BINSTOCK.

SCATTERING GREEN'S FUNCTION, J. V. LEPORE ANC R. J. RIDDELL,
JR.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING
RELATIONS, J. V. LEPORE ANC R. J. RIDCELL, JR.
SIGMA-MINUS LEPTONIC DECAYS AND_INTERACTIONS. o
NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORK, D. KEEFE, L. T. KERTH, O. NEWTON, ANC W. A.

WENZEL.

NUCLEON-NUCLEON TRIPLE SCATTERING, C. M. ANKENBRANCT, D.
CHEUNG, L. T. KERTH, K. C. LEUNG, AND P. SURKO.

TIGER, B. LEVINE. :

CRAWL, B. LEVINE FOR J. LASLETT.

MEASUREMENT OF K-MINUS—-MESONIC X- RAYS FROM LI, BE; By AND
Cy C. WIEGAND AND D. MACK.

FLIB, FRANCKENSTEIN DATA LIBRARY PROGRAM, D. ARMSTRONG AND
Jo ALVAREZ. v

LIBRO, B. ALBRECHT.

LIFETIMES OF K-ONE~ZERQ AND LAMBDA, R. L. GOLDEN AND F. S.
CRAWFORD. = .

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMES, D. S. AYERS,
D. O. CALDWELLs A. W. CORMACK, V. ELINGS, A. J.
GREENBERG, R. Ws: KENNEY, AND R. J. MORRISON.

ELECTRON LINAC, D. W. POUNDS.

LINDA, T. CLEMENTS FOR C. DOLS.
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B-L SPACE AND GEOMAGNETIC FIELD MODELSs He Ho HECKMAN
AND P. Jo LINDSTROM.

LINEAR-ACCELERATOR DESIGN PROGRAMVMING. o

COMPREHENSIVE MASS-STORAGE SYSTEM, M. He GARNJOSTs S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, Se. ANDREAEs D. BRAINARD,
AND T. SCHAEFFER. . i

K~ZERO-L GOES TO PI-ZERO + PI-ZERG, .D. CHENGs Re. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKERy C. REYy, D. CALDWELLs R. CENCEs B. JONES,
V. PETERSON, ANC V. STENGER.

LION, H. HANERFELD. .

EQUILIBRIUM CONFIGURATIONS OF RCTATING, CHARGED, OR
GRAVITATING LIQUID MASSESy W. Jo SWIATECKI.

BRAGGy G. LITTON.

FINDME, G. LITTON FOR J. PHILLIPS.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMGGENEQUS
PLASMA IN THE SMALL-LARMGR-RADIUS LIMIT, C. S. LIU.

LKGLOPy T. SCHAEFFER.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.
A. ANDERSON, P. DAUBER, A. KIRSCHBAUM, L. J. LLOYD,
Re MULLERy D. Bo. SMITHy L. Ho SMITHy M. WAHLIG, L.
VAN LOON, AND V. WALUCH.-

EXTENDIBLE—ENERGY SYNCHROTRONS, A. A. GARREN, G. R.
LAMBERTSON, E. J. LOFGREN, AND L. SMITH.

©200-GEV ACCELERATOR STUDY GROUP ACTIVITIES, E. J. LOFGREN.

BEVATRON ACTIVITIESsy E. J. LOFGREN.

UNITARY IRREDUCIBLE REPRESENTATICNS OF COVERING GRCUPS OF
THE LORENTZ GROUPy G. TINCLE.

L.ORENTZ POLE HYPOTHESISy Jo FINKELSTEIN AND J. M. WANG.

K~MINUS PROTON GOES TO LAMBDA PI-ZERO AND K-MINUS PROTON

. GOES TO ANTIK-ZERO NEUTRCN, R. ELY ANC J. LOUIE.

DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS
SECTIONS, C. B. CHIUy, S. Yo CHUy AND L. L. WANG.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMGGENEOUS
PLASMA IN THE SMALL-LARMGR-RADIUS LIMIT,y C.. S. LIU.

LOW-MASS KAON-ANTIKAON SYSTEMS FRCCUCED IN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cy R. I. HESSy O. I. DAHL,
L. M. HARDY; J. KIRZy ANC L. H. MILLER

LP-90, J. YOUNG FOR A. GARREN. o

LRL-SLACy J. P. BERGE, L. R. PRICE, A. H. ROSENFELOs AND P.
SODING. ’

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-ZERQ NEUTRON)
AND ELASTIC (K-MINUS PROTON GOES TO. K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJGSTy R. 0. BANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORDy L. K. GERSHWIN, D.
Jo HERNDONs G. Ro LYNCHy T. S. MAST,

D66 EXPERIMENT, P+ EBERHARDy G. Rs LYNCHsy ANC M. PRIPSTEIN.

DAPR; J. TYSONy J. CRAWFORD, K. LYNNy Fo WINCORSKI, D.
BUDENAERS, D. HALL, H. WHITE, N. JONTULEVICs AND J.
FRANZ.

té6y L. VARDAS AND D. \JENSON.

MEASUREMENT CF K—-MINUS-MESONIC X 'RAYS FROM LI, BEs Bs AND
Cy C. WIEGAND ANC D. MACK.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/Cy D. COYNE,

Re BUTLERy P. GAPOSCHKIN, AND J. MACNAUGHTON.

ACCELERATOR AND MAGNET-CESIGN PRCGRAMMING

SIGMA-PLUS MAGNETIC MOMENT.

SYMMETRY-BREAKING CORRECTIONS TC THE SIGMA- PLUS MAGNETIC
MOMENTS IN SU(3), T. WALSK. .

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PRGCESSINGv
W. HOGAN, T. MAHAN, AND M. HOROWITZ.

CALCULATION OF IRON UPTAKE AS A FUNCTION OF ERYTHRCON AGE, G.
C. NOONEY, AND T. MAHAN.

EXISTENCE OF FIXED POLES IN THE J -PLANE AT NONSENSE VALUES
OF Jy S. MANDELSTAM AND L. L. WANG.

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDONy We CHINOWSKY, W. GAGEy Re KINSEYy S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHULTZ.

PI166 EXPERIMENTy M. A. ABOLINSy C. I. DAHLy Jo S. CANBURG,
Pe Le HOCHy Jo KIRZ, Do H. MILLERy D. DAVIES, R. K.
RADERy G. A. SMITH, AND J. MANNING.

T-CHANNEL EXCHANGE FORCES IN PIGN-NUCLEON STATIC-MODEL
CALCULATIONSy, Fo L. MARKLEY.

FORM FACTORS AND SCATTERING AMPLITUDES THAT SATURATE THE
MARTIN-JAFFE BOUNDs J. HARTE.
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EFFECT OF INTRAMULTIPLET MASS ODIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
SU(3)y A. E. EVERETT AND R. CHU.

COMPREHENSIVE MASS-STORAGE SYSTEMy M. H. GARNJOST, S. PENNY,
Re. FINKy AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER. )

RESPONSE OF DECUPLET MASSES TO GCTET PERTURBATIONS OF MESGN
AND BARYON MASSES AND COUPLINGS, R. C. SLANSKY.

EQUILIBRIUM CONFIGURATIONS OF RCTATINGs CHARGED, OR
GRAVITATING LIQUID MASSES, W. J. SWIATECKI.

SEARCH FOR MASSIVE PARTICLES IN CCSMIC RAYS, 8. CORK.

CHARGE-EXCHANGE (K-MINUS PROTON GOES TO ANTIK-~ZERO NEUTRON)
AND ELASTIC (XK-MINUS PRCTCN GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJCST, R. O. BANGERTER, A.
BARBARO-GALTIERIs F. S. CRAWFORDs L. Ko GERSHWINy D.

- Jo HERNDGONy G. Re LYNCH, Te S. MAST,

MATHEMATICAL RESEARCH.

MATHEMATICS AND COMPUTING SERVICES, K. K. CURTIS.

K-MINUS INTERACTIONS IN DEUTERIUM. A. BARBARG-GALTIERI, A.
RITTENBERGy AND M. MATISCN.

XCOSly, C. RUGGE FOR E. MATTHIAS ANC B. TREYTL.

PROTON HELIUM-3 POLARIZATION FRCM 10 TO 20 MEV, W. F. TIVOL,
P. Jo CLARKy H. E. CONZETTy J. Seo MCKEE, ANC R. J.
SLOBOCRIAN.

MEASUREMENT OF THE BRANCHING RATIC K-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TO MU-PLUS NUy C. M. ANKENBRANDT, A. R.
CLARKy B. CORKy T. ELIOFF, C. KEEFEs L. T. KERTHy J.
F. MCREYNOLDS, 0. NEWTON, ANC W. A. WENZEL.

MEASUREMENT OF THE PION ELECTROMAGNETIC FORM FACTOR, T.
MOTTERSHEAD.

MEASUREMENT COF THE BRANCHING RATIG K-PLUS GOES TO €-PLUS NU
/ K-PLUS GOES TQ MU-PLUS NL, C. M. ANKENBRANDT, A. R.
CLARKy B. CORKy Te. ELIOFF, C. KEEFE, L. Te KERTH, Jeo
Fo MCREYNOLDSy D. NEWTONs, AND W. A. WENZEL.

MEASUREMENT OF K-MINUS-MESONIC X RAYS FROM LI, BEy Bs AND
Cy C. WIEGAND ANC D. MACK.

RADIATION TREATMENT FOR DIABETES MELLITUSy, DATA PROCESSING,
W. HOGAN, T. MAHAN, AND M. HOROWITZ.

DECAY PROPERTIES OF THE A-SUB2(1320) MESONs S. U. CHUNG, 0.
I. DAHLy Le M. HARDY, R. I. HESSy Jo KIRZsy AND D. H.
MILLER.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TO THE
S—-CHANNEL BARYON SPECTRUM FCOR PION-NUCLEON
SCATTERING, D. S. BEOER ANC J. FINKELSTEIN.

RESPONSE OF CECUPLET MASSES TO CCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COUPLINGSs R. Ce. SLANSKY.

PERIPHERAL MODELS INVOLVING MESCN~NUCLEON REACTIONS LEADING
TO A FOUR-BODY FINAL STATE, I. KRAMER.

STOPPING-POWER DIFFERENCES OF PI PLUSMINUS MESONS, He H.
HECKMAN.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TO
1580 MEV/Cy C. WOHLy R. w. BLANDy J. CHAN, G.
GOLDHABER, S. GOLDHABER, V. SEEGER, AND G. H.
TRILLING. -

CONFIDENCE INTERVALS FOR AVERAGE WEIGHT IN MICE, W. HOGAN.

CROSSy MICROs AND DIFFERy, N. BRCWN FOR N. GLENDENNING.

LOW-MASS KAON-ANTIKAON SYSTEMS PROCUCED IN PI-MINUS PROTON-
INTERACTIONS BELOW 5 GEV/C, R. 1. HESS, O. I. DAHL:
Ls Mo HARDYs Jo KIRZy ANC C. Ho MILLER

DECAY PROPERTIES OF THE A-SUB2(132C) MESON, S. U. CHUNG, O.
I. DAHL, L. M. HARDY, R. I. HESSy J. KIRZsy AND D. H.
MILLER.

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTON INTERACTIONS.
THREE-AND-MCRE-BODY FINAL STATES, O. I. DAHL, L. M.
HARDYs R. I. HESSy Jeo KIRZy AND D. H. MILLER.

P166 EXPERIMENT, M. A. ABOLINS, Q. I. DAHL, J. S. DANBURG,
P. L. HOCHy J. KIRZ, D. +o MILLER, D. DAVIES, R. K.
RADER, G. A. SMITH, AND J. MANNING.

TRILLING-GOLDHABER DATA REDUCTICN, J. ALVAREZ, D. ARMSTRONG,
E. BURNSs D. LAMBy AND J. MILLER.

PANALs PACKAGE, AND EPC, J. MILLER.

NEUTRAL BEAM AT SLAC, K. M. CROWE, D. DORFANy D« Ho MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.

DEUTERON MISSING-MASS EXPERIMENT, M. A. ABOLINS, G. A.
SMITH, AND L. H. SMITH.

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MOCEL 7O
PION-NUCLEON DATA FOR PICN INCIDENT LABORATCRY
MOMENTA BELOW 6GEV/Cy A. V. STIRLING AND C. B. CHIU.
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SYMMETRY-BREAKING CORRECTIONS TC THE SIGMA-PLUS MAGNETIC
MOMENTS IN SU(3), T. WALSE.

REGGE MOCEL FOR HIGH-ENERGY PION-PRCTON, PROTON-PRGTON, AND

ANTIPROTON-PROTCN ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CFIU, Re J. RIDDELL, JR.y W.
RARITA,; ANO Ja No. PHILLIPS.

CALCULATION QF NUCLEON-NUCLEON MOMENTUM-DEPENDENT
INTERACTION AND GTHER ELASTIC-SCATTERING PRGCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

OISPERSIGN-RELATION REPRESENTATICN OF THE FULL
OFF-ENERGY-SHELL PART{AL-WAVE AMPLITUDE, T. R.
MCNGAN.

SEPARABLE POTENITAL FIT TO NUCLEON-NUCLEON SCATTERING DATA
FROM C TO 400 MEV, T. R. MCNGAN.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVGOLUTION OF
CARBON-14 MONOXICE IN ANIMAL BREATH, M. HORGVITZ.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 41C MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. Re. ROBRISHs S. ROCK, S.
SHANNGN, H. M. STEINER, ANC H. WEISBERG.

P-FIT AND PU-FIT, C. RUGGE FOR L. MORETTO.

CLOUDYy V. MORGAN AND C. HALL.

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMESy D. S. AYERS,
Do O. CALDWELL, A. W. CORMACK, V. ELINGSy A. J.
GREENBERG, R. W. KENNEY, ANC R. J. MORRISON.

COMPREHENSIVE MASS~STORAGE SYSTEMy M. H. GARNJOSTs S. PENNY,
Re. FINKy AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PCP-5 AT THE BEVATRCN, S. ANDREAE, 0. BRAINARD,
AND T. SCHAEFFER.

MEASUREMENT OF THE PION ELECTROMAGNETIC FORM FACTOR, T.
MOTTERSHEAD.

MU-MINUS-CAPTURE GAMMA RAYS, S. N. KAPLAN.

MEASUREMENT OF THE BRANCHING RATIC K-PLUS GOES TQO E-PLUS NU
/ K-PLUS GOES TO MU~PLUS NL, C. M. ANKENBRANDT, A. R.
CLARKy B. CORK,; T. ELIOFFy C. KEEFEy L. To KERTH, J.
F. MCREYNOLDS, C. NEWTON, ANO W. A. WENZEL.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.
A. ANDERSON, P. DAUBER, A. KIRSCHBAUM, L. J. LLOYD,
R. MULLERy Do B. SMITH, L. H. SMITH, M. WAHLIGy L.
VAN LOONy AND V. WALUCH.

SINGULARITIES OF MULTIPARTICLE SCATTERING FUNCTIONS, J.
COSTER AND He. P. STAPP.

FIELDS CORRESPONDING TO A SELF-CGNJUGATE MULTIPLET OF
HALF—INTEGRAL ISOSPINs H. LEE.

PARTICLE YIELDS AND SECCNDARY BEAMS AT SLAC, S. M. FLATTE,
Jo Jo MURRAYy ANC S. G. WCJCICKI.

RADIOFREQUENCY DETECTOR FOR HIGF-ENERGY PARTICLESy S. M.
FLATTEy Jo Jeo MURRAY, ANL S. G. WOJCICKI.

NUCLEAR THOMAS-FERMI EQUATION, w. C. MYERS AND W. J.
SWIATECKI.

EDIT, B. ALBRECHT AND M. MYERS.

POWELL-BIRGE DATA REDUCTION, J. VISSER, B. ALBRECHT, AND E.
COLEMAN, M. MYERS, AND H. FANERFELD.

SOLUTION OF N/D EQUATIONS B8Y MEANS OF THE DETERMINANTAL
APPROXIMATION, K. M. ONG.

NEAR-ADIABATIC SCATTERING BY ATOMIC SYSTEMS, K. M. WATSON.

NEUTRAL-DIBOSON SPARK-CHAMBER EXPERIMENT, 0. I. DAHL, M.
PRIPSTEINy AND M. WAHLIG.

THE REACTIONS K-MINUS PROTON GOES TO ANTIK-ZERG NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPPy AND C. G. WOKL.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK~ZERO
PI-ZERO PI-MINUS AND K-MINUS PROTON GGES TO NEUTRON
ANTIK-ZERQ PI-PLUS PI-MINLS, J. H. FRIEDMAN AND R. R.
ROSS.

CHARGE-EXCHANGE (K-MINUS PROTON GCES TO ANTIK-ZERQO NEUTRGN)
AND ELASTIC (K-MINUS PROTGN GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJOST, R. O. BANGERTER, A.
BARBARO-GALTIERI, Fe S. CRAWFORD, L+ Ko GERSHWIN, D.
Jo HERNDON, G. Ro. LYNCH, T. S. MAST,

DIFFERENTIAL CROSS SECTIONS FOR PROTON NEUTRCN GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TG NEUTRON
ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH.

POLARIZATION IN THE PI-MINUS PROTON GOES TO PI-ZERG NEUTRON
PROCESS AT HIGH ENERGIESy N. F. BALT AND R. W.
HAYMAKER .

PI-MINUS PROTON GOES ‘TO PI-ZERO NEUTRON POLARIZATICN
EXPERIMENT, T. RISSER.
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K-MINUS NEUTRON AND K-MINUS DEUTERCN ELASTIC SCATTERING, G.
E. KALMUS AND N. JEW.

REACTIONS K-MINUS NEUTRCON GOES TC LAMBDA PI-MINUS ANC
K-MINUS PROTON GOES TO LAVMBLA PI-ZERO, R. P. ELY, G.
E. KALMUS, AND W. M. SMART.

K-MINUS PROTON GOES TO LAMBDA PI-ZERO AND K-MINUS PRCOTON
GOES TO ANTIK-ZERO NEUTRCN, R. ELY ANC J. LCUIE.

K-MINUS PROTON GOES TO SIGMA-PLUSMINUS PI-MINUSPLUS AND
K-MINUS NEUTRON GOES TO SIGMA-MINUS PI-ZERQ, R. B.
BELL.

MEASUREMENT OF THE BRANCHING RATIO K-PLUS GOES TO E-PLUS NU
/ K—-PLUS GOES TG MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARKy B. CORK, Ta ELIOFF, C. KEEFEs Le Te KERTH, J.
F. MCREYNOLDSs GC. NEWTON, AND W. A. WENZEL.

NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B. CORKy D. KEEFEy L. T. KERTHy D. NEWTON, AND W. A.
WENZEL. -

NONAME.

EXISTENCE OF FIXED POLES IN THE J PLANE AT NCNSENSE VALUES
OF Jy, S. MANDELSTAM AND L. L. WANG.

AGE DISTRIBUTIONS OF STGCHASTICALLY DIVIDING PCPULATIONS, G.
C. NOONEY.

CALCULATICON OF IRON UPTAKE AS A FUNCTION OF ERYTHRON AGE, G.

C. NOONEY, AND T. MAHAN.

MEASUREMENT OF THE BRANCHING RATIO K-PLUS GOES TO E-PLUS NU
/ K-PLUS GOES TQ MU-PLUS NU, C. M. ANKENBRANDT, A. R.
CLARK, B. CORKy T. ELIOFF, C. KEEFE, L. T. KERTH, J.
F. MCREYNGLDSy D. NEWTON, AND W. A. WENZEL.

NUCLEAR THOMAS-FERMI EGUATICON, W. C. MYERS AND W. J.
SWIATECKI.

NUCLEAR-CHEMISTRY PROGRAMMING.

SEPARABLE POTENITAL FIT TO NUCLECN-NUCLEQN SCATTERING DATA
FROM O TO 400 MEV, T. R. MGNGAN.

CALCULATION OF NUCLEON-NUCLEON MOMENTUM-DEPENDENT
INTERACTION AND OTHER ELASTIC-SCATTERING PROCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

NUCLEON~NUCLEON TRIPLE SCATTERING, C- M. ANKENBRANCY, D.
CHEUNG, L. Te. KERTHy, K. Co LEUNGy; AND P. SURKG.

NUMERICAL STUDY OF THE UNEQUAL-MASS BETHE~SALPETER LADDER
EGUATION, W. B. KAUFMANN.

RESPONSE OF DECUPLET MASSES TO OCTET PERTURBATIONS QOF MESON
AND BARYON MASSES ANO COUPLINGS, R. C. SLANSKY.

DISPERSION-RELATION REPRESENTATION OF THE FULL
OFF—ENERGY-SHELL PARTIAL-WAVE AMPLITUCE, T. R.
MCNGAN.

SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATION
TWO-BODY SCATTERING AMPLITUCES IN ALL OFF-SHELL
VARIABLESs R. HAYMAKER.

TRANSIENT CIFFUSION IN A COMPOSITE SLAB, P. CONCUS AND D.
OLANDER.

K-ZERO-L GOES TO PI-ZERC + PI-ZERGy D. CHENG, R. D. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKER, C. REY, D. CALCWELL, R. CENCE, B. JONES,
V. PETERSON, ANC V. STENGER.

K—-MINUS PROTON GOES TO LAMBDA ONEGA, S. M. FLATTE.

OMNI, CHATs AND DERIENs R. HINKINS FOR W. GAGNON.

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINKy AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

CALCULATION OF NUCLEON-NUCLEON NMOMENTUM-DEPENDENT
INTERACTION AND OTHER ELASTIC-SCATTERING PROCESSES
MEDIATED BY ONE-BOSON EXCHANGE, L. INGBER.

SOLUTION OF N/D EQUATIONS BY MEANS OF THE DETERMINANTAL
APPROXIMATION, K. M. ONG.

HIGH-ENERGY BEAM OPTICS, D. COYNE, J. KADYK, AND R. BUTLER.

ORBIT STUDIES.

AUTOMATIC ADJUSTMENT OF SYNCHROTRGN ORBITS, Je E. BRALEY, G.
R. :

K-ZERO2 INTERACTIONS ANC DECAYS, J. KADYKs J. CHAN, C.
COYNEs Y. ORENy B. C. SHEN, AND G. H. TRILLING.

HAZE, J. CRAWFORDy C. GSBORNE, J. GREENE, B. KOGERs C. HALL,
AND He WHITE.

TRISTy C. OSBORNE.

EVENT-ACCOUNTING PROGRAMMINGy S. BUCKMAN AND C.  OSBORNE.

P-FIT ANC PU-FIT, C. RUGGE FOR L. NVORETTO.

NEUTRAL BEAM AT SLAC, K. M. CROWE, C. DORFAN, 0. He MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.
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PAIRSIG AND SEVERy C. RUGGE FOR R. WATSON.

PANALy PACKAGE, AND EPCy J. MILLER.

PARASTATISTICS AND IDENTICAL PARTICLES, H. P. STAPP.

K~ZERO-L GOES TO PI-ZERQ + PI-ZERC, D. CHENGs R. D« EANDI,
A. C. HELMHOLZ,y Re W. KENNEY, I. LINSCOTT, W. QLIVER,
S+ PARKERy C. REYy D. CALCWELL, R. CENCE, B. JONES, .
V. PETERSON, ANC V. STENGER.

SCOFF,y D. JENSON FOR T. PARSONS.

PION FORM FACTOR, K. M. CROWEs A. PARSONS, AND A. FAINBERG.

STRUCTURE OF THE LEFT-HAND DISCCNTINUITY OF THE FULL
PARTIAL-WAVE AMPLITUDE, J. BINSTOCK.

DISPERSION-RELATION REPRESENTATION OF THE FULL
OFF-ENERGY-SHELL PARTIAL-WAVE AMPLITUCE, T. Re.
MCNGAN.

PARTICLE YIELDS AND SECGNDARY: BEAMS AT SLAC, S. M. FLATTE,
Je Jo MURRAY, ANC S. G. WCGJCICKI.

DISTRIBUTION- FUNCTIONS FOR PARTICLE BEAMS, F. SACHERER AND

« SMITH. ' -

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. We ALVAREZ, J.
A. ANDERSCON, P. CAUBER, A. KIRSCHBAUMy L. J. LLOYD,
Re MULLERy D. B. SMITH, L. Ha SMITH, M. WAHLIG, L.
VAN LOON, AND V. WALUCH.

RADIOFREGUENCY DETECTOR FOR HIGH-ENERGY PARTICLES, S. M.
FLATTE, J. J. MURRAY, ANC S. G. WOJCICKI. .

PARASTATISTICS AND IDENTICAL PARTICLES, H. P. STAPP.

COMPUTATIONAL PROGRAM TO INVESTIGATE STABILITY OF PARTICLES,
L. Jo LASLETT.

SEARCH FOR MASSIVE PARTICLES IN CCSMIC RAYS, B. CORK.

PDP-8 PROGRAM ART, D. JENSON ANC B. POWELL FCR A.
PASTKANYER S

HEALTH PHYSICSsy He We PATTERSON.

COMPREHENSIVE MASS—STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRGN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER. .

PDP-74 P. COLLUM.

PDP-8 PRGGRAM ARTy D. JENSON ANC B. POWELL FGR A.
PASTKANYER.

POP5 AND PDP8 PROGRAMMING, R. BELSHE.

PDPS AND PDP8 PROGRAMMING, R. BELSHE. .

6411 PROGRAMMING,s S.. PENNY, J. BGRGESy R. FINK, J. GLASNER,
W. HUTCHINSON, AND D. BRAINARD.

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
. R. FINKy AND D. MDSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRCN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN,s V. PEREZ-MENDEZ,
Se WILLIAMS, B. GAULDy ANC J. SPERINDE.

HELTUM-FILLED WIDE-GAP CHAMBER PRGJECT, A. STETZy V.
PEREZ-MENDEZ, ANC J. SPERINCE.

PERIPHERAL MODELS INVOLVING MESCN-NUCLEON REACTIONS LEADING
TG A FOUR-BODY FINAL STATEs I. KRAMER.

RESPONSE OF CECUPLET MASSES TO GCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COULPLINGS, R. Ce. SLANSKY.

RESPONSE OF THE BINDING ENERGY TC SMALL PERTULRBATIONSy J.
HARTE.

K-ZERO-L GOES TO PI-ZERG + PI-2ERG, D. CHENGsy R. D. EANDI,

’ A. C. HELMHOLZ, R.' W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKERy, C. REYy D. CALCWELLs R. CENCE, B. JONES,
V. PETERSON, AND V. STENGER.

CHRYS, R. HINKINS FOR P. PETROFF. .

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIMENTS, C. H. JOHNSON, JR.s
0. CHAMBERLAIN,s P. D. GRANNIS, M. J. HANSROUL, AND H.
M. STEINER.

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
:MOMENTUM TRANSFERy C. B. CHIUy R. J. RIDDELLs JRey W.
RARITA, AND Jo. No. PHILLIPS.

FINDME, G. LITTON FOR J. PHILLIPS.

PHONY, E. BURNS.

THEORETICAL PHYSICS RESEARCHy G. F. CHEW.

HEALTH PHYSICS, H. W. PATTERSON.

STOPPING-POWER DIFFERENCES OF PI PLUSMINUS MESONS, H. H.
HECKMAN. ) :

K-MINUS PROTON GOES TO LAMBDA PI PI, J. S. SAHOURIA.

PI-MESIC ATOM X-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,
AND D. WELDON.

‘

40
37
25
53

42
46
25

25

34

25
34

51
41

69
43

40
4

43
43
43

43

52
52
30
27
28
53

42
59

29

41
37
25
69
48

55



PI-MINUS
PI-MINUS
PI-MINUS
PI-MINUS
PI-MINUS

PI-MINUS

PI-MINUS

PI-MINUS

PI-MINUS
PI-MINUS

PI-MINUS
PI-MINUS !
PI-MINUS

PI-MINUSPLUS

PI-MINUSPLUS

PI-MINUSPLUS
PI-PLUS
PI-PLUS
PI-PLUS

PI-PLUS

PI-PLUS

PI-PLUS

PI-PLUS

PI-PLUS

PI-PLUS

-100-

SEARCH FOR ETA GOES TO PI-PLUS PI-MINUS PI-ZERQ ANC ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
S« CRAWFORD. :

AN ANALYSIS CF ETA GOES TO PI-PLUS PI-MINUS PI-ZERQ AND THE
BRANCHING RATIO ETA GUOES TC 3 PI-ZERO, L. Re PRICE
AND F. S. CRAWFQORD.

LOW-MASS KAON-ANTIKAON SYSTEMS PRGCUCED IN PI-MINUS PROTON
INTERACTIONS BELOW 5 GEV/Cy, R. . HESSy 8. I. DAHL,
L. M. HARDYy Jo KIRZy ANC C. Hao MILLER

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTON INTERACTIONS.
THREE-AND-MCRE-BODY FINAL STATES, O. I. DAHLs L. M.
HARDYy R. I. HESSy Jo. KIRZ, AND D. He. MILLER.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERO
PI-ZEROQ PI-MINUS AND K~-MINUS PROTON GGES TO NEUTRON
ANTIK-ZERQ PI-PLUS PI-MINUS, J. H. FRIEDMAN AND R. R.
ROSS.

STUDY OF THE REACTION K-MINUS PRCTCN GOES TO LAMBDA-ZERO
PI-PLUS PI-PLUS PI~-MINUS PI-MINUS, P. 'DAUBER.

REACTIONS K-MINUS PROTON GOES TCO SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K—-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN.

POLARIZATION IN THE PI-MINUS PRCTGON GOES TO PI-ZERO NEUTRON
PROCESS AT HIGH ENERGIES, N. F. BALI AND R. W.
HAYMAKER.

CALCULATION OF ETA GOES TO PI-PLUS PI-MINUS PI-MINUS GAMMA
DECAY, D. S. BECER.

PI-MINUS PROTON GOES TO PI-ZERO NEUTRON POLARIZATICN
EXPERIMENT, T. RISSER.

COMPARISON OF PI-PLUS AND PI-MINUS LIFETIMES, 0. S. AYERS,
D. O. CALDWELL, A. W. CORMACK, V. ELINGSy A. J.
GREENBERGy R. W. KENNEY, ANC R. J. MORRISON.

REACTIONS K-MINUS NEUTRON GOES TO LAMBDA PI-MINUS AND
K-MINUS PROTON GGES TO LAMBCA PI-ZERQ, R. P. ELY, G.
E. KALMUSs AND W. M. SMART.

POLARIZATIGON IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEVy W. GORNs C. C.
MOREHOUSEy T. M. POWELL, P. R. ROBRISEs S. ROCK, S.
SHANNON, H. M. STEINER, ANC H. WEISBERG.

STUDY OF THE REACTION K-MINUS PROTON GOES TO SIGMA-PLUSMINUS
PI-MINUSPLUSy A. BARBARQO-GALTIERI AND P. DAUBER.

REACTIONS K-MINUS PROTON GOES TO SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERQy SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN. )

K-MINUS PROTON GOES TQ SIGMA-PLUSMINUS PI- MINUSPLUS AND
K-MINUS NEUTRON GOES TO SIGMA-MINUS PI-ZERQs R. B.
BELL.

SEARCH FOR ETA GOES TO PI-PLUS PI-VINUS PI-ZERO ANC ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
Se CRAWFORD.

AN ANALYSIS OF ETA GOES TO PI-PLUS PI-MINUS PI-ZERG AND THE
BRANCHING RATIO ETA GOES TQ 3 PI-ZERQOy L. R. PRICE
AND F. S. CRAWFORD.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERO
-PI-ZERO PI-MINUS AND K-MINUS PROTON GOES TO NEUTRON
ANTIK-ZERO PI-PLUS PI-MINUS, J. H. FRIEDMAN AND R. R.
ROSS.

STUDY OF THE REACTION K-MINUS PROTON GOES TO LAMBDA-ZERO
PI-PLUS PI-PLUS PI-MINUS PI-MINUS, P. DAUBER.

REACTIONS K-MINUS PROTON GOES TQ SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI- ZERO, P. EBERHARD
AND M. PRIPSTEIN.

APPLICATION GF A SUPERPOSITION GF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEVy R. EROWER.

CALCULATION OF ETA GOES TO PI-PLLS PI-MINUS PI-MINUS GAMMA
DECAY, D. S. BEDER.

COMPARISON GOF PI-PLUS AND PI-MINUS LIFETIMES, D. S. AYERS,
0. O. CALDWELL, A. W. CORMACK, V. ELINGSs A. J.
GREENBERGy; R. W. KENNEY, AND R. J. MORRISON.

PI-PLUS PROTON INTERACTIONS FROM 1.3 THROUGH 1.7 GEV/Cy
PCWELL-BIRGE GROUP.
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STUDY OF K-PLUS GDES TO PI-PLUS + 2 GAMMA, M. CHEN, O.
CUTTSy Ms DEUTSCH, P. KIJEWSKI, R. STIENING, AND C.
WIEGAND.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISH, S. ROCK, S.
SHANNON, H. M. STEINER, AND H. WEISBERG.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/C, D. COYNE,
R. BUTLER, P. GAPOSCHKIN, AND J. MACNAUGHTON.

PHASE~SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIMENTS,; C. H. JOHNSON, JR.,
0. CHAMBERLAIN, P. D. GRANNIS, M. J. FANSROULy; AND H.
M. STEINER.

SEARCH FOR ETA GOES TO PI-PLUS FI-VMINUS PI-ZERO ANC ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
S« CRAWFORD.

AN ANALYSIS OF ETA GOES TO PI-PLUS PI-MINUS PI-ZERG AND THE
BRANCHING -RATIO ETA GOES TQ 3 PI-ZERO, L. R. PRICE
AND Fe S. CRAWFORD.

THE REACTIONS. K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERQO LAMBOA, A.
BARBARO-GALTIERI; R. D. TRIPP, AND C. G. WOHL.

THE REACTIONS K-MINUS PROTON GOES TO PROTON- ANTIK-ZERO
PI-ZERO PI-MINUS AND K-MINUS PROTON GOES TO NEUTRON
ANTIK-2ERG PI-PLUS PI-MINUS, J. H. FRIEDMAN AND R. R.
ROSS. .

REACTIONS K=MINUS PROTON GOES TC SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERQ, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS, "
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN. -

POLARIZATION IN THE PI-MINUS PROTCN GOES TO PI-ZERO NEUTRON
PROCESS AT HIGH ENERGIES, N. F. BALI AND R. W.
HAYMAKER.

PI-MINUS PROTON GOES TO PI-ZERQ NEUTRON POLARIZATIGN

*  EXPERIMENT, T. RISSER.

K~ZERQ-L GOES TO PI-ZERG + PI-ZERC, 0. CHENGs R. O. EANDI,
A. C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, w. OLIVER,
S. PARKER, C. REY, D. CALCWELL, R. CENCE, B. JONES,
V. PETERSON, ANO V. STENGER. .

REACTIONS K-MINUS NEUTRON GOES TG LAMBDA PI-VINUS AND
K-MINUS PROTON GOES TO LAMBDA PI-ZERO, R. P. ELY, G.
E. KALMUSs AND. W. M. SMART.

K-MINUS PROTON GOES .TO LAMBDA PI-ZERO AND K~MINUS PROTON
GOES TO ANTIK-ZERO NEUTRGN, R. ELY ANC J. LOUIE.

K-MINUS PROTON GOES TO SIGMA-PLUSMINUS PI-MINUSPLUS AND
K—-MINUS NEUTRON GOES TO SIGMA-MINUS PI-ZERG, R. B.
BELL.

MULTIPLE REGGE-POLE HYPOTHESIS, N+ F. BALI, G. F. CHEW, AND
A. PIGNOTTI.

ANALYTIC S—-MATRIX APPROACH TO- ZERC-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALIs J. S. BALLy G. F. CHEWy, AND A.
PIGNOTTI.

RADIATIVE PION PRODUCTION, R. A. GROSSMAN, L. R. PRICE, AND
Fe So CRAWFORD.:

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MODEL TO
PION-NUCLEGON DATA FOR PICN INCIDENT LABORATORY
MOMENTA BELOW 6GEV/Cy A. V. STIRLING AND C. B. CHIU.

MEASUREMENT OF THE PION ELECTRONAGNETIC FORM FACTOR, T.
MOTTERSHEAD. i . :

PION FORM FACTORy, K. M. CROWE, A. PARSONS, AND A. FAINBERG.

PION~NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH
REGGE CUTSy C. B. CHIU ANC J. FINKELSTEIN.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TO THE
S~CHANNEL BARYON SPECTRUM FOR PION-NUCLEON
SCATTERING, D. S. BEDER AND J. FINKELSTEIN.

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MODEL TO
PION-NUCLEON DATA.FOR PICN INCIDENT LABORATORY
MOMENTA BELOW 6GEV/Cs As. V. STIRLING AND C. B. CHIU.

T-CHANNEL EXCHANGE FORCES IN PIGN~NUCLEON STATIC-MGDEL
CALCULATIONS, F. L. MARKLEY. .

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFERy C. B. CHIUy R. J. RIDDELL, JR., W-.
RARITA, AND J. N. PHILLIPS.

PIGONIC X RAYS, R. KUNSELMAN.

THE REACTION K-MINUS PROTON GOES TO LAMBDA + N PIONS.
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DIBOSON PROOUCTION BY 2- TO 5-GEV/C PICONS, A. R. CLARK, B.
CORKy T. ELIOFF, L. T. KERTH, T. N. RANGASWAMY, AND
We A. WENZEL.

PI&3 EXPERIMENT.

PI66 EXPERIMENTy Mo A. ABOLINS, O. I. DAHLy Je S. DANBURG,
P. L. HOCHs Jo KIRZ, D. t+o. MILLER, D. DAVIES, R. K.
RADERy G. A. SMITH, AND J. MANNING.

PLASMA KINETIC EQUATION, A. N. KAUFMAN.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMGGENEQUS
PLASMA IN THE SMALL-LARMCR-RADIUS LIMIT, C. S. LIU.

EFFECT OF UNSTABLE TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIES, N. ALBRIGHT.

STOPPING-POWER DIFFERENCES OF P1 PLUSMINUS MESONSy H. H.
HECKMAN.

UCRL-8030y A. H. ROSENFELDy A. BAREARC-GALTIERIy W. Ja
PODOLSKY, Lo R. PRICEy P. SODINGy AND C. G. WOHL.

POFOy D. JENSEN FOR T. HITCHCOCK.

PION-NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH
REGGE CUTSy C. B. CHIU ANC J. FINKELSTEIN.

POLARIZATION IN THE PI-MINUS PRGTON GOES TO PI-ZERO NEUTRON
PROCESS AT HIGH ENERGIESy N. F. BALI AND R. W.
HAYMAKER.

PI-MINUS PROTON GOES TG PI-ZERO NEUTRON POLARIZATION
EXPERIMENT, T. RISSER.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FRCOM 250 TO 41C MEV, W. GORN, C. C.
MCREHOUSE, T. M. POWELL, P. R. ROBRISKy S. ROCK, S.
SHANNON, He M. STEINERy ANC H. WEISBERG.

POLARIZEC~PROTON TARGET IMPROVEMENTSy O. CHAMBERLAIN, H. M.
STEINER, H. WEISBERG, ANC G. SHAPIRO.

LORENTZ POLE HYPOTHESIS, J. FINKELSTEIN AND J. M. WANG.

EXISTENCE OF FIXED POLES IN THE J-PLANE AT NONSENSE VALUES
OF Jy S« MANDELSTAM AND L. L. WANG.

SEARCH FOR A TRANSPORT EQUATION APPLICABLE TC DILUTE
POLYATOMIC GASESs W. WOLLNAN.

AGE DISTRIBUTIONS OF STOCHASTICALLY DIVIDING PQPULATICONS, G.
C. NOCNEY.

SEPARABLE POTENTVAL FIT TO NUCLECN-NUCLEON SCATTERING DATA
FROM O TO 400 MEV, T. R. MONGAN.

ELECTRON LINACy D. W. POUNDS.

POWELL~BIRGE PROGRAMMING. .

PDP-8 PROGRAM ART, D. JENSON ANC B. POWELL FCR A.
PASTKANYER.

POLARIZATION IN PI-PLUS PROTON AND PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 41C MEV, W. GORNs C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISky S. ROCK, S.
SHANNON, H. M. STEINER, ANC H. WEISBERG.

EXPERIMENTAL STUDY OF K-SUB-E4 CECAY, POWELL-BIRGE GROUP.

PI-PLUS PROTON INTERACTIONS FROM 1.3 THROUGH 1.7 GEV/C,
POWELL-BIRGE GROUP.

EFFECT OF INTRAMULTIPLET MASS DIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
Su(3}y A. E. EVERETT AND R. CHU.

SEARCH FOR ETA GOES TO PI-PLUS PI-MINUS PI-ZERQ ANC ETA GOES
TO PI-PLUS PI-MINUS GAMMA GAMMA, L. R. PRICE AND F.
S« CRAWFORD.

AN ANALYSIS GF ETA GOES TO PI-PLUS PI-MINUS PI-ZERQO AND THE
BRANCHING RATIO ETA GOES TC 3 PI-ZEROs L. R. PRICE
AND F. S. CRAWFORD.

RADIATIVE PION PRODUCTIONs R. A. GROSSMAN, L. R. PRICE, AND
F. S. CRAWFORD.

LRL-SLACy J. P. BERGE, L. R. PRICE, A. H. ROSENFELCy AND P.
SODING.

UCRL-8030, A. H. ROSENFELDy A. BARBARC-GALTIERI,y W. J.
PGDOLSKY, L. R. PRICE, P. SOCINGs AND C. G. WOHL.

REACTIONS K-~MINUS PROTON GOES TC SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI~MINUSy K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN.

D66 EXPERIMENT, P. EBERHARD, G. R. LYNCH, ANC M. PRIPSTEIN.

NEUTRAL-DIBOSON SPARK-CHAMBER EXPERIMENT, O. I. DAHL, M.
PRIPSTEIN, AND M. WAHLIG.

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PROCESSING,
W. HOGANy, T. MAHAN, AND M. HOROWITZ.

COMPUTATIONAL PROGRAM TO INVESTIGATE STABILITY OF PARTICLES,
Lo Jo LASLETT.
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FLIB, FRANCKENSTEIN DATA LIBRARY PROGRAM; D. ARMSTRONG AND
Je ALVAREZ.

POP-8 PROGRAM ART, D. JENSON ANC B. POWELL FCR A.
PASTKANYER.

PROGRAMMING, ALVAREZ GROUP.

POWELL-BIRGE. PROGRAMMING.

SPARK-CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROUP.

ACCELERATOR AND MAGNET-GESIGN PROGRAMMING

LINEAR-ACCELERATOR DESIGN PROGRAMNING.

. BEVATRON-INJECTOR PROGRAMMING, E. WILLIAMS AND B. BELSHE.

NUCLEAR-CHEMISTRY PROGRAMMING.

BIOMEDICAL PROGRAMMING.

PDP5 AND PDP8 PROGRAMMING, R. BELSHE.

6411 PROGRAMMING, S. PENNY, J. BGRGES, R. FINK, J. GLASNER,
W. HUTCHINSON, AND D. BRAINAROD.

00P-24 PROGRAMMINGs D. ZURLINDEN.

6600 PROGRAMMINGy R. TRACYs Jo KNIGHTs R. FINKy Co SYMONS,
M. LONG, AND D. STEVENS.

EVENT-ACCOUNTING PROGRAMMING,. S. BUCKMAN ANC C. OSBORNE.

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON-14 MONOXIDE IN ANIMAL BREATH, M. HORGVITZ.

IRON KINETICS PROGRAMS, K. WILEY.

DECAY. PROPERTIES OF THE A-SUB2(132C) MESON, S. U. CHUNG, 0.
1. DAHL, Le M. HARDY, R. I. HESSy J. KIRZy AND D. He.
MILLER. ’

DIRECT DERIVATION OF ANALYTICITY PROPERTIES CF HELICITY
AMPLITUDES, H. P. STAPP.

EFFECT OF UNSTABLE TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIESy N. ALBRIGHT.

LOW-MASS KACON-ANTIKAON SYSTEMS PROCUCED IN PI-MINUS PROTCN
INTERACTIONS BELOW 5 GEV/C, R. I. HESS, O. I. DAHL,
L. M. HARDYs Jo KIRZy, ANC C. H. MILLER

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTGN INTERACTIONS.
THREE-AND-~-MORE-BOCY FINAL STATES, O. I. DAHL, L. M.
HARDY, R. I. HESSy J. KIRZy AND D. He MILLER.

K-MINUS PROTON GOES VO LAMBDA ETA, S. M. FLATTE ANC C. G.
WOHL «

THE REACTIONS K-MINUS PROTON GOES TO ANTIK-ZERO NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPP, AND C. G. WOHKL.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERO
PI-ZERO PI-MINUS AND K—-MINUS PROTON GGES.TO NEUTRON
ANTIK-ZERO PI-PLUS PI-MINUS, J. H. FRIEDMAN AND R. R.
ROSS. .

STUDY OF THE REACTION K-MINUS PRGTCN GOES TO SIGMA-PLUSMINUS

) PI-MINUSPLUSy A. BARBARO-GALTIERI AND P. DAUBER.

REACTIONS K-MINUS PROTON GOES TC SIGMA-PLUSMINUS

. PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERO, P. EBERHARD
AND M. PRIPSTEIN.

THE REACTION K-MINUS PROTON GOES TC LAMBDA + N PIONS.

CHARGE-EXCHANGE (K~MINUS PROTON GOES TO ANTIK~ZERC NEUTRON}
AND ELASTIC (K-MINUS PROTON GOES TQ K-MINUS.PROTON)
REACTIONS, M. ALSTON-GARNJCST, R. O. EANGERTER, A.
BARBARO-GALTIERI, F. S. CRAWFORD, L. K. GERSHWIN, D.
Jo HERNDONy G. R. LYNCH, T. S. MAST,

DIFFERENTIAL CROSS SECTIONS FOR PROTON NEUTRON GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TG NEUTRON
ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH.

POLARIZATION IN THE PI-MINUS PRCTGN GOES TO PI-ZERG NEUTRON

PROCESS AT HIGH ENERGIES, N. F. BALI AND R. W.
HAYMAKER « L

APPLICATION OF A SUPERPCSITION CF A REGGE~PQOLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FGRWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-NMINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. ERCWER.

PROTON HELIUM-3 POLARIZATION FRCM 10 TO 20 MEV, W. F. TIVOL,

. Pe J. CLARK,; H. E. CONZETT, J. S. MCKEE, ANC R. J.-

SLOBODRIAN. .

PI-PLUS PROTON INTERACTIONS FROM 2.9 THROUGH 4.3 GEV/C, D.
G. BROWN, R. W. BIRGE, R. P. ELY, G. GIDAL, AND G. E.
KALMUS . .

REACTIONS K-MINUS NEUTRON GOES TC LAMBDA PI-MINUS ANC
K-MINUS PROTON GGES TO LAVMBEA PI-ZEROs R. P. ELY, G.
E. KALMUS, AND W. M. SMART, '
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K-MINUS PROTON GOES TO LAMBDA PI-ZERO AND K—PINUS PROTON
GOES TO ANTIK-ZERO NEUTRCN, R. ELY ANC J. LOUIE.

K-MINUS PROTON GOES TO LAMBCA PI PI, J. S. SAHOURIA.

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIMENTSs; C. H. JOHNSGNy JRey
0. CHAMBERLAIN, P. D. GRANNIS, M. J. FANSROUL, AND H.
M. STEINER.

K-PLUS PROTON AND K—-PLUS DEUTERCN INTERACTIONS FROM 860 TQ
1580 MEV/C, C. WOHL, R. W. BLAND, J. CHAN, G.
GOLDHABER, S. GOLOHABER, V. SEEGER, AND G. F.
TRILLING.

K-PLUS PROTON INELASTIC FINAL STATES, R. W. BLAND, M.
BOWLER, J. CHAN, G. GOLODFABER, S. GOLCHABER, V.
SEEGER, G. H. TRILLING, ANC C. FU.

PI-PLUS PROTON INTERACTIONS AT S GEV/Cs A. FIRESTONE, B. C.
SHENs AND G. GOLOHABER. '

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDON, W. CHINOWSKY, W. GAGE, R. KINSEYs S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHLLTZ.

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PRGTON-PROTON, AND

“ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CFIUy Re Jo RIODELL, JR.s W.
RARITA, AND 4. N. PHILLIFS. ~

PROTON~PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDON, W. CHINGWSKY, W. GAGE, R. KINSEY, S. KLEIN,
M. MANDLEKERN, P. SCHMIDT, AND J. SCHULTZ.

TRAPPED PROTONS AT LOW SATELLITE ALTITUDESs H. H. HECKMAN.

P-FIT AND PU-FIT, C. RUGGE FOR L. MORETTO.

FLUX PUMP, P. EBERHARD.

PUZZLE, D. WILBER FOR R. ZANE. :

UAR/USA PYRAMID PROJECT, L. W. ALVAREZ; J. A. ANDERSON, S.
BUCKINGHAM, J. H. BURKHARD, F. KREISS; AND L.
YAZOLING.

PYRMI, J. YOUNG FOR E. HUBBARD.

REGGE-POLE MODEL FOR INELASTIC CUASI-TWO-BODY PROCESSES, G.
A. RINGLAND AND R. L. THEWS.

P166 EXPERIMENT, M. A. ABOLINS, O. I. DAHLs J. S. CANBURG,
P. L. HOCHy J. KIRZ, O. Ko MEILLER, D. DAVIES, R. K.
RADER, G. A. SMITH, AND J. MANNING.

RADIAL.

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PROCESSING,
W. HOGAN, T. MAHAN, AND VM. HOROWITZ. .

RADIATIVE HYPERON PRODUCTION OR CECAY, R. A. GROSSMAN AND F.
S. CRAWFORD.

RADIGFREGUENCY DETECTOR FOR HIGE-ENERGY PARTICLES, S. M.
FLATTE, J. J. MURRAY, ANC S. G. WOJCICKI.

DIBOSON PRODUCTION BY 2- TQ 5-GEV/C PIONS, A. R. CLARK, B.
CORK, T. ELIOFF, L. T. KERTHs T. N. RANGASWAMY, AND
W. A. WENZEL.

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CHIUs Re Jo RIDDELL, JR.y W

- RARITA, AND J. N. PHILLIPS.

GROUP, CORRECT, RATE I, RATE [1, REPORT, STATUS, AND BASIS,
R. HEALEY FOR J. STARK.

GROUP, CORRECT, RATE I, RATE Il, REPORTs STATUS, AND BASIS,
R. HEALEY FOR J. STARK.

STND, SMERGEs RCNTRKs L. VARDAS.

STUDY OF THE REACTION K-MINUS PROTGN GOES TG SIGMA-PLUSMINUS
PI-MINUSPLUS, A. BARBARO-GALTIERI AND P. DAUBER.

THE REACTION K-MINUS PROTON GOES TO LAMBDA + N PIONS.

THE REACTIONS K-MINUS PROTON GOES TO ANTIK-ZERO NELTRON AND
K-MINUS- PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPP; AND C. G. WOHL.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERQ
PI-ZERQ PI-MINUS AND K-MINUS PROTON GOES TO NEUTRON
ANTIK-ZERO PI-PLUS-PE-MINUSy J. H. FRIEDMAN AND R. R.
ROSS.

REACTIONS K-MINUS PROTON GOES TC SIGMA-PLUSMINUS
PI-MINUSPLUS PI-ZERD, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K-MINUS PROTON PI-PLUS PI-MINUS,
K-MINUS PROTON PI-PLUS PI-MINUS PI-ZERG, P. EBERHARD
AND M. PRIPSTEIN.

CHARGE-EXCHANGE (K-MINUS PROTON GCES TO ANTIK-ZERO. NEUTRON)
AND ELASTIC (K-MINUS PROTGN GOES TO K-MINUS PROTON)
REACTIONS, M. ALSTON-GARNJCST, R. O. BANGERTER, A.
BARBARG-GALTIERI, F. S. CRAWFORDs L. K. GERSHWIN, D.
J. HERNDON; G. R. LYNCH, T. S. MAST,
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ROSS
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DIFFERENTIAL CROSS SECTIONS FOR PROTON NEUTRCN GOES TO
NEUTRON PROTON AND PROTON ANTIPROTON GOES TG NEUTRON
ANTINEUTRON REACTIONS, F. ARBAB AND J. W. DASH.

PERIPHERAL MODELS INVOLVING MESCN-NUCLEON REACTIONS LEADING
TO A FOUR-BODY FINAL STATE, I. KRAMER.

REACTIONS K-MINUS NEUTRGN GUES TG LAMBDA PI-MINUS ANC
K-MINUS PROTON GOES TO LAMBCA PI-ZERO, R. P. ELY, G.
E. KALMUS, AND W. M. SMART.

SPIRAL READER.

TRILLING-GOLDHABER DATA REDUCTIGN, J. ALVAREZ, D. ARMSTRONG,
E. BURNS, D. LAMB, AND J. MILLER.

DATA REODUCTION, R. W. BIRGE AND P. W. WEBER.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING
RELATIONSy, J. V. LEPGRE ANC R. J. RIDCELLs JR.

PION-NUCLEON CHARGE-EXCHANGE POLARIZATION ASSOCIATED WITH
REGGE CUTSy C. B. CHIU ANC J. FINKELSTEIN.

HIGH-ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOGTSTRAP
MODELy S. Y. CHU AND C. I. TAN.

REGGE TRAJECTORIES FOR TWO-CHANNEL PROCESSES IN POTENTIAL

. THEORYs N. F. BALI AND R. %. HAYMAKER.

MULTIPLE REGGE-POLE HYPOTHESIS, N. Fo BALI, G. Fo CHEW, AND
A. PIGNQTTI.

REGGE-POLE MODEL FOR INELASTIC GUASI-TWO-BODY PROCESSESs G.
A. RINGLAND AND R. L. THEWS.

APPLICATION OF A SUPERPOSITION CF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GGES 70 PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. EROWER.

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MODEL TO
PION-NUCLEON DATA FOR PION INCIDENT LABORATGORY )
MOMENTA BELOW 6GEV/C, A. V. STIRLING AND C. B. CHIU.

ROLE OF THE RELATIVE-TIME VARIABLE IN THE BETHE-SALPETER
EQUATION, K. D. ROTHE.

INFLUENCE OF CLEARING ELECTRODES GN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

EFFECTS OF RESONANCE WIDTH ON PROCUCTION ANGULAR
DISTRIBUTIONS. R. L. THEWS.

APPLICATION OF A SUPERPOSITION CF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BRGWER.

K-ZERO-L GOES TO PI-YERO + PI-ZERC, D. CHENG, R. D. EANDI,

"~ A..C. HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKER, C. REY, D. CALCWELL, R. CENCE, B. JONES,
V. PETERSON, AND V. STENGER.

SCATTERING GREEN'S FUNCTION, J. V. LEPORE ANC R. J. RIDDELL,
JR.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING

©  RELATIONS, J. V. LEPORE.ANC R. J. RICCELLs JR.

REGGE MODEL FOR HIGH-ENERGY PION-PROTON, PROTON-PROTON, AND
ANTIPROTON-PROTCN ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CHIUs; Ra..J. RIDDELL, JR.» W
RARITA, AND J. No PHILLIPS.

REGGE-POLE MODEL FOR INELASTIC CUASI-TWO-BODY PROCESSES, G.
A. RINGLAND AND R. L. THEWS.

PI-MINUS PROTON GOES TO PI-ZERG NEUTRON POLARIZATIGN
EXPERIMENT, T. RISSER.

K-MINUS INTERACTIONS IN DEUTERIUN. A. BARBARC-GALTIERI, A.
RITTENBERG, AND M. MATISCN.

ANTIP67, M. A. ABOLINS, A. RITTENBERG, G. A. SMITH, AND R.
Jo SPRAFKA. - :

POLARIZATION IN PI-PLUS PROTON ANC PI<MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISH, S. ROCK, S.
SHANNGN, He M. STEINER, ANC H. WEISBERG.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISHs S. ROCK, Se

. .SHANNON, H. M. STEINER, ANC H. WEISBERG. '

LRL-SLACy Jeo P. BERGE, L. R. PRICE, A. H. ROSENFELCs AND P.
SODING. .

UCRL-8030, A. H. ROSENFELD, A. BARBARO-GALTIERI, W. J.

~PODOLSKY, L. R. PRICE, P. SODING, ANC C. G. WOHL.

THE REACTIONS K-MINUS PROTON GOES TO PROTON ANTIK-ZERO
PI~ZERO PI-MINUS AND -K—MINUS PROTON GCES TO NEUTRON
ANTIK-ZERO PI-PLUS PI-MINUS, J. H. FRIEDMAN AND R. R.
ROSS.
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ROTATING
ROTHE
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SCHAEFFER
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EQUILIBRIUM CONFIGURATIONS OF RCTATING, CHARGED, OR
GRAVITATING LIQUID MASSES, W. J. SWIATECKI.

ROLE OF THE RELATIVE-TIME VARIABLE IN THE BETHE-SALPETER
EQUATION, K. D. ROTHE.

PAIRSIG AND SEVERy C. RUGGE FOR R. WATSON.

XCGS1ls C. RUGGE FOR E. MATTHIAS ANC B. TREYTL.

P—-FIT AND PU-FIT, C. RUGGE FOR L. MORETTO.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TQ THE
S~-CHANNEL BARYON SPECTRUM FCR PION-NUCLEON
SCATTERINGs, D. S. BEDER ANC J. FINKELSTEIN.

ANALYTIC S—MATRIX APPROACH TO ZERO-MOMENTUM-TRANSFER )
SYMMETRY, N. F. BALI, J. S. BALLy G. F. CHEWs AND A.
PIGNOTTI. ’

DISTRIBUTION ‘FUNCTIONS FOR PARTICLE BEAMS, F. SACHERER AND

) L. SMITH.

TAMIs S. SACKETT.

K-MINUS PROTON GOES TO LAMBOA PI PI, J. S. SAHOURIA.

TRAPPED PROTONS AT LOW SATELLITE ALTITUDES, He. H. HECKMAN.

FORM FACTORS AND SCATTERING AMPLITUDES THAT SATURATE THE
MARTIN-JAFFE BOUND, J. HARTE.

SCATER-2.

SINGULARITIES OF MULTIPARTICLE SCATTERING FUNCTIONS, J.
COSTER AND H. P. STAPP.

FORM FACTORS AND SCATTERING AMPLITUCES THAT SATURATE THE
MARTIN-JAFFE BOUND, J. HARTE.

ASYMPTOTIC. BEHAVIOR OF SCATTERING AMPLITUDES ON UNPHYSICAL
SHEETSy C. I. TAN.

SCATTERING GREEN'S FUNCTION, J. V. LEPORE ANC R. J. RIDDELL,
JR.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING
RELATIONSy Jo V. LEPORE ANC R. J. RIDCELLys JRa

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TO THE
S—-CHANNEL BARYON SPECTRUM FCR PION-NUCLEON
SCATTERING, D. S. BEDER ANLC J. FINKELSTEIN.

EFFECT OF INTRAMULTIPLET MASS OIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERINC AMPLITUDES PREDICTED BY
Su(3)y A. E. EVERETT AND R. CHU.

SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATICN
TWO-BODY SCATTERING AMPLITUDES IN ALL OFF-SHELL

. VARIABLES, R. HAYMAKER. i

REGGE MOCEL FOR HIGH-ENERGY- PION-PROTON, PROTON-PRGTON, AND.
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFERy C. B. CHIUs Ra. J. RIDDELLy JR.y W.
RARITAy AND J. N. PHILLIPS.

APPLICATION OF A SUPERPOSITION CF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GCOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BRCWER.

SEPARABLE POTENITAL FIT TO NUCLECN-NUCLEQON SCATTERING DATA
FROM 0 TO 400 MEV,y T. R. MONGAN.

COULOMB EFFECTS IN STRONG-INTERACTION SCATTERINGy C. S.
BEDER.

NEAR-ADIABATIC SCATTERING BY ATCMIC SYSTEMS, K. M. WATSON.

NUCLECON~-NUCLEON TRIPLE SCATTERING, C. M. ANKENBRANOT, D.
CHEUNG, L. T. KERTHy K. C. LEUNG, AND P. SURKO.

K-MINUS NEUTRON AND K-MINUS DEUTERCN ELASTIC SCATTERING, G.
E. KALMUS AND N. JEW.

POLARIZATION IN PI-PLUS PROTON AND PI-MINUS PROTON ELASTIC
SCATTERING FROM 250" TO 41G MEV, W. GORN; Ceo C.
MOREHOUSE, T. M. POWELL, P. R. ROBRIShs S. ROCK, S.
SHANNON, He M. STEINER, ANC H. WEISBERG.

K-PLUS PROTON ELASTIC SCATTERINGs, C. WOHL, R. W. BLAND, J.
CHAN, G. GOLDHABER, S. GCLCHABER, V. SEEGER, AND G.
He TRILLING.

SPARK-CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARKy, AND L. WILSON FOR. CROWE GROUP.

LKGLOPy T. SCHAEFFER. -

COMPREHENSIVE MASS-STORAGE SYSTEM, M. H. GARNJOST, S. PENNY,
Re. FINKy AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRGN, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT 6 GEV/C, P.
CONDONy We CHINOWSKYy W. GAGE, R. KINSEY, S. KLEIN,
M. MANDLEKERNs P. SCHMIDT, AND J. SCHULTZ.

SINGULARITIES OF THE BETHE-SALPETER AND SCHRODINGER EQUATION
TWO-BODY SCATTERING AMPLITUCES IN ALL OFF-SHELL
VARIABLESy R. HAYMAKER.
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SCHULTZ
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SHANNGN
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SIMMONS
SIMMONS
SINGULARITIES

SINGULARITIES
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PROTON-PROTON AND PROTON-NEUTRON INTERACTIONS AT & GEV/C,y P.
CONDONy; W. CHINOWSKY, W. GAGE, R. KINSEY, S. KLEIN,
Me MANDLEKERN, Pe. SCHMIDT, AND J. SCHULTZ.

STRANGE-PARTICLE PRODUCTION IN FI-VINUS PROTON INTERACTIONS.
TWO-BODY FINAL STATES, 0. I. DAHL, L. M. HARDY, R. I.
HESSy J. KIRZy C. He MILLER, AND J. A. SCHWARTZ.

NEUTRAL BEAM AT SLAC, K. M. CROWE, C. DORFANs D. H. MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.

K- PLUS DEUTERON INTERACTIONS, A. HIRATA, S. GOLDHABER, G..
GCLOHABER, G. H. TRILLING, R: W. BLANLC, J. KACYK, C.
WOHL, B. C. SHEN, B. M. SCEWARTZCHILDs AND V. SEEGER.

SCOFF, D. JENSON FOR T. PARSONS. .

SCRUBL, A. CLARK.

K-PLUS PROTON AND K-PLUS DEUTERGCN INTERACTIONS FRQM 860 TO
1580 MEV/C, C. WOHLsy R. h. BLAND, J. CHAN, G.
GOLDHABERs S. GOLDHABER, V. SEEGERsy AND G. K.
TRILLING. '

K-PLUS PROTON ELASTIC SCATTERING, C. WOHLs R. W. BLAND, J.
CHAN, G. GOLOHABER, S. GCLCHABER, V. SEEGER, AND G.
He TRILLING. .

FIELDS CORRESPONDING TO A SELF-CCNJUGATE MULTIPLET OF
"HALF-INTEGRAL ISCSPINy He LEE.

SEPARABLE POTENITAL FIT TO NUCLECN-NUCLEON SCATTERING DATA
FROM 0 TO 400 MEV, T. R. MONGAN. :

SEPARATED-FUNCTION 200-GEV SYNCHROTRON, A. A. GARREN.

MATHEMATICS AND COMPUTING SERVICES, K. K. CURTIS.

PAIRSIG AND SEVER, C. RUGGE FOR R. WATSON.

FAIR, L. SHALZ AND D. HALL.

POLARIZATION IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 7O 41G MEV, W. GORNy C. C.
MOREHOUSE, T. M. POWELL, P« R. ROBRISks S. ROCK, S.
SHANNON, H. M. STEINER, AND H. WEISBERG.

POLARIZED~PROTON TARGET IMPROVEMENTS, O. CHAMBERLAIN' He M.
STEINER, H. WEISBERG, ANC G. SHAPIRG.

ASYMPTOTIC BEHAVIOR OF SCATTERING AMPLITUDES ON UNPHYSICAL
SHEETS, C. I. TAN.

K-ZERO2 INTERACTIONS ANC DECAYS,y J. KADYK, J. CHAN, C.
COYNE, Y. OREN, B. C. SHEN, AND G. H. TRILLING..

K-PLUS DEUTERON INTERACTIONS, A. HIRATA, S. GOLDHABER, G.
GOLDHABERy G. H. TRILLINGy R. W. BLANC, J. KADYK, C.

" WOHLs B. C. SHEN, B. M. SCHWARTZCHILODs AND V. SEEGER.

PI-PLUS PROTON INTERACTIONS AT § GEV/C, A. FIRESTONE, B. C.
SHEN, AND G. GOLCHABER. i

K67 BEAM DESIGNy G. E. KALMUS, 0. F. KANE, AND P. S. SHERS.

ATOMIC-BEAM RESEARCHy H. A. SHUGART.

THE REACTIONS K-MINUS PROTON GOES TQ LAMBDA PI-PLUS PI-MINUS
PI-ZERO.AND K-MINUS PROTCN GOES TO LAMBDA PI-PLUS
PI-MINUS, D. M. SIEGEt AND R. R. ROSS.

STUDY OF SIGMA-DECAY PARAMETERS.

SIGMA-MINUS LEPTONIC DECAYS AND INTERACTIONS.

APPLICATION OF A SUPERPOGSITION GF A REGGE—-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TQ FORWARD
K-MINUS PROTON GGES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEVy R. ERCWER.

K-MINUS PROTON GOES TO SIGMA-PLUSMINUS PI-MINUSPLUS AND
K~MINUS NEUTRON GOES TO SIGMA-MINUS PI~ZERQs R. B.
BELL.

SIGMA-PLUS MAGNETIC MOMENT.

SYMMETRY-BREAKING CORRECTIONS TC THE SIGMA-PLUS MAGNETIC
MOMENTS IN SU(3), T. WALSH. .

STUDY OF THE REACTION K-MINUS PROTON GOES TO SIGMA-PLUSMINUS
PI-MINUSPLUSy -Ae BARBARO-GALTIERI -AND P. DAUBER.

REACTIONS K-MINUS PROTON GOES TC SIGMA-PLUSMINUS

PI-MINUSPLUS PI-ZERO, SIGMA-PLUSMINUS PI-MINUSPLUS
PI-PLUS PI-MINUS, K~MINUS PROTON PI-PLUS PI-MINUS,
K=MINUS PROTON PI-PLUS PI-MINUS PI ZERO, P. EBERHARD
AND M. PRIPSTEIN. )

K-MINUS PROTCON GOES TO SIGMA-PLUSMINUS PI- MINUSPLUS AND
K-MINUS NEUTRON GOES TO "SIGMA-MINUS PI-ZERO, R. B.
BELL.

TELLYs M. SIMMONS.

COSTALy M. SIMMONS FOR B. KINCKLEY.

SINGULARITIES OF MULTIPARTICLE SCATTERING FUNCTIONS, J.
CGSTER AND H. P. STAPP.

SINGULARITIES OF THE BETHE- SALPETER AND SCHRGDINGER EQUATION
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MODIFIED SIOUX, Je. ALVAREZ AND E. BURNS.

TRANSIENT DIFFUSION IN A COMPOSITE SLAB, P. CONCUS AND D.
OLANDER.

PARTICLE YIELDS AND SECONDARY BEAMS AT SUAC, S. M. FLATTE,
Jeo Jo MURRAYs AND S. G. WCJCICKI.

NEUTRAL BEAM AT SLACy K. M. CROWE, D. DORFAN, D. Heo MILLER,
M. M. SCHWARTZ, M. PACICOTTI, AND D. WAJOISKI.
RESPONSE OF DECUPLET MASSES TO COCTET PERTURBATIONS OF MESON
AND BARYON MASSES AND COUPLINGSs Re. C. SLANSKY.

PROTON HELIUM-3 POLARIZATION FRCM 10 TO 20 MEVs We Fo TIVOL,
P. Jo CLARKy H. E. CONZETTy Jo S. MCKEE, ANC R. J.
SLOBODRIAN. :

SMALL LARMOR RADIUSSTABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMOGENEOQUS
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SMITH
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SPOERL
SPRAFKA
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STAPP
STAPP

STAPP

STAP3
STARK

STATIC MODEL

STEINER

PLASMA IN THE SMALL-LARMCR-RADIUS LIMITs C. S. LIU.

REACTIONS K-MINUS NEUTRON .GOES TG LAMBDA PI-MINUS AND
K-MINUS PROTON GOES TO LANBCA PI-ZERGy R. P. ELYy G.
E. KALMUS, AND W. M. SMART.

STNDy SMERGE, RCNTRKy L. VARDAS.

PI66 EXPERIMENT, M. A. ABOLINSy O. I. DAHLs J. S. DANBURG,
P. L. HOCH, J. KIRZy D. Ko VMILLER, D. DAVIES, R. K.
RADERy G. A. SMITH, AND J. MANNING.

8P66 EXPERIMENT, O. I. DAHL, J. H.. FRIEDMAN, J. KIRZ, D. B.
SMITHy Le He SMITH, R. J. SPRAFKA, ANLC M. WAHLIG.

ANTIP67, M. A. ABOLINS, A. RITTENBERG, Ge. A. SMITH, AND R.
Jo SPRAFKA.

DEUTERON MISSING~MASS EXPERIMENT, M. A. ABOLINS, G. A.
SMITHy AND L. Ho SMITH.

HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.
A. ANCERSONs P. DAUBERy A. KIRSCHBAUM, L. J. LLOYD,
Re MULLERy Do B. SMITH, L. He SMITH, M. WAHLIG, L.
VAN LOON, AND V. WALUCH.

EXTENDIBLE~ENERGY SYNCHROTRONS, A. A. GARREN, G. R.
LAMBERTSON, E. J. LOFGREN, AND L. SMITH.

DISTRIBUTION FUNCTIONS FOR PARTICLE BEAMS, F. SACHERER AND
L. SMITH. ’

TIDE I, TIDE I1, AND INDEX, R. N. KEALEY FOR R. K. WAKERLING
AND G. SMITH.

LRL-SLAC, J. P. BERGE, L. R. PRICE, A. H. ROSENFELDs AND P.
SCGDING. )

UCRL-8030y Ae H. ROSENFELDy A. BARBARO-GALTIERIy W. J.
PODOLSKYy L. Re PRICE, P. SODING, AND C. G. WCHL.

SOTRM, E. CLOSE.

B-L. SPACE AND GECMAGNETIC FIELD MODELS, H. H. HECKMAN
AND P. Jo LINDSTROM.

NEUTRAL-DIBOSGN SPARK-CHAMBER EXPERIMENT, 0. I. DAHL, M.
PRIPSTEIN, AND M. WAHLIG.

SPARK~CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROUP.

SUM RULE RELATING THE T-CHANNEL VESON SPECTRUM TO THE
S-CHANNEL BARYON SPECTRUM FCR PIGN-NUCLEGN
SCATTERING, D. S. BEDER AND J. FINKELSTEIN.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN, V. PEREZ-MENODEZ,
Se WILLIAMS, B. GAULDy ANC J. SPERINDE.

HELIUM—FILLED WIDE-GAP CHAMBER PROJECT, A. STETZ, V.
"PEREZ-MENDEZy ANC J. SPERINCE.

SPIRAL READER.

TRIM, J. SPOERL.

BP66 EXPERIMENT, 0. lI. DAHL, J. H. FRIEDMAN, J. KIRZs; D. B.
SMITH, L. Ho SMITH, Re Jo SPRAFKA, ANC M. WAHLIG.

ANTIP67, M. A. ABOLINS, A. RITTENBERGy G. A. SMITHs AND R.
Je SPRAFKA.

STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMOGENEGUS
PLASMA [N THE SMALL-LARMOR-RADIUS LIMITy C. S. LIU.

COMPUTATIONAL PROGRAM TQ INVESTIGATE STABILITY OF PARTICLES,

© Le Jeo LASLETT.

PARASTATISTICS AND IDENTICAL PARTICLES, H. P. STAPP.

SINGULARITIES OF MULTIPARTICLE SCATTERING FUNCTIONS, J.
COSTER AND H. P. STAPP. '

DIRECT DERIVATION OF ANALYTICITY PROPERTIES GF HELICITY
AMPLITUDESy H. P. STAPP.

STAP3, D. WILBER FOR T. HITCHCOCK.

GROUP, CORRECT, RATE I, RATE II, REPORT, STATUS, AND BASIS,
R« HEALEY FOR Jo. STARK. ’

T-CHANNEL EXCHANGE FORCES IN PICN-NUCLEON STATIC-MGDEL
CALCULATIONSs Fo L. MARKLEY.

PHASE-SHIFT ANALYSIS OF PI-PLUSMINUS PROTON
ELASTIC-SCATTERING EXPERIMENTSy C. Ho JOHNSONs; JR.,
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K-ZERO-L GOES TO PI-ZERC + PI-ZERC, D. CHENG, R. D. EANDI,
A. Co HELMHOLZ, R. W. KENNEY, I. LINSCOTT, W. OLIVER,
S. PARKERy C. REYy, D. CALCWELLsy R. CENCEy B. JONES,’
V. PETERSON, ANC V. STENGER. : _ .

HELIUM-FILLED WIDE~GAP CHAMBER PROJECT, A. STETZ, V.
PEREZ-MENDEZ, AND J. SPERINDE. -

6600 PROGRAMMING, R. TRACY,. J. KNIGHT, R. FINKy C. SYMONS,
M. LONG, AND 0. STEVENS. )

STUDY OF K-PLUS GOES TO PI-PLUS + 2 GAMMA, M. CHEN, D.
CUTTSy M. DEUTSCHy P. KIJEWSKI, R. STIENINGy AND C.
WIEGAND. .

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MOCEL TO
PION-NUCLEON DATA FOR PICN INCIDENT LABORATORY
MOMENTA BELOW 6GEV/C, A. V. STIRLING AND C. B. CHIU.

STNDs SMERGEs RCNTRK, L. VARDAS.

AGE DISTRIBUTIONS OF STOCHASTICALLY DIVIDING POPULATIONS, G.
C. NOONEY.

STOPP ING-POWER DIFFERENCES OF Pl PLUSMINUS MESONSy He H.
HECKMAN.

STRANGE-PARTICLE PRODUCTION IN PI-MINUS PROTON INTERACTIONS.
THREE-AND-MORE-BODY FINAL STATES, O. I. DAHL, L. M.
HARDY, R. I. HESSy J. KIRZ, AND D. H. MILLER.

COULOMB EFFECTS IN STRONG-INTERACTION SCATTERING, C. S.
BEDER.

STRUCTURE OF THE LEFT-HAND DISCONTINUITY OF THE FULL
PARTIAL-WAVE AMPLITUDE, J. BINSTOCK.

REGGE SCATTERING ANALYSES AND ANALYTIC STRUCTURE OF CROSSING
RELATIONS, J. V. LEPORE ANC R. J. RIDCELLy JR.
DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGED-PION-PROTON AND
ANTIPROTON-PROTON ELASTIC CIFFERENTIAL CROSS

SECTICONSy Co Bao CHIUy S. Yo CHU, AND L. L. WANG.

SU(2) CROSSING-MATRIX ELEMENTS, K. LEE.

EFFECT OF INTRAMULTIPLET MASS DIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
SU(3), A. E. EVERETT AND R. CHU.

SYMMETRY-BREAKING CORRECTIONS TC THE SIGMA-PLUS MAGNETIC

. MOMENTS IN SU(3), T. WALSH.

ARROW SYSTEM SUBROUTINES, D. LAMB.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TO THE
S-CHANNEL BARYON SPECTRUM FCR PION-NUCLEON
SCATTERINGy D. S. BEDER ANL J. FINKELSTEIN.

REGGE TRAJECTORIES FOR A SUPERPGSITION OF TWO YUKAWA
POTENTIALS, N. F. BALI, S. Y. CHU, R. HAYMAKER, AND
C. 1. TAN.

APPLICATION OF A SUPERPOSITION CF A REGGE POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TGO FORWARD
K~MINUS PROTON. GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BRCWER.

THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED CROP, W.
Jo SWIATECKI AND C. F. TSANG.

NUCLEON-NUCLEON TRIPLE SCATTERINGy C. M. ANKENBRANDT, O.
CHEUNGy L. T« KERTH, K. C. LEUNG, AND P. SURKQO.

NUCLEAR THOMAS-FERMI EGUATION, W. C. MYERS AND W. J.
SWIATECKI.

EQUILIBRIUM CONFIGURATIONS OF ROTATING, CHARGED, OR

. GRAVITATING LIQUID MASSES, W. J. SWIATECKI.

THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED LCROP, W.
Jo SWIATECKI AND C. F. TSANG.

ANALYTIC S-MATRIX APPROACH TO ZERO-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALI, J. S. BALL, G. F. CHEW, AND A.
PIGNOTTI.

EFFECT OF. INTRAMULTIPLET MASS DIFFERENCES ON SYMMETRY
RELATIONS AMONG SCATTERING AMPLITUDES PREDICTED BY
SU(3)s A. E. EVERETT AND R. CHU.

SYMMETRY-BREAKING CORRECTIONS TG THE SIGMA-PLUS MAGNETIC
MGMENTS IN SU(a), T. WALSF.

6600 PROGRAMMING,. R.' TRACY, J. KNIGHT, R. FINK, C. SYMONS
M. LONG, AND D. STEVENS.

SEPARATED-FUNCTION 200-GEV SYNCHRGTRON, A. A. GARREN. .

AUTQMATIC ADJUSTMENT OF SYNCHROTRON ORBITS, J. E. BRALEY, G.
Ra.

EXTENDIBLE- ENERGY SYNCHROTRONSy A. A. GARREN, G.. R.
LAMBERTSON, €. J..LOFGREN, AND L. SMITH.

SUM RULE RELATING THE T-CHANNEL MESON SPECTRUM TQ THE
S-CHANNEL BARYON SPECTRUM FGR PION-NUCLEON
SCATTERING, D. S. BEDER ANL J. FINKELSTEIN.

T-CHANNEL EXCHANGE FORCES IN PIGN-NUCLEON STATIC-MGDEL
CALCULATICNSy F. L. MARKLEY. o
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TAMIs S. SACKETT.

IMPLICATION OF ASSUMED MAXIMUM ANALYTICITY OF FIRST-CEGREE
AND FIXED-T-~POWER BEHAVICR, C. B. CHIU AND C. 1. TAN.

ASYMPTQOTIC BEHAVIOR OF SCATTERING AMPLITUDES ON UNPHYSICAL
SHEETSy C. I. TAN.

HIGH-ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOCTSTRAP
MODELy S« Yo CHU AND C. I. TAN.

REGGE TRAJECTORIES FOR A SUPERPOSITION OF TWC YUKAWA
POTENTIALS, N. Fo BALI, S. Y. CHU, R. HAYMAKER, AND
C. I. TAN.

POLARIZED-PROGTON TARGET IMPROVEMENTSs C. CHAMBERLAIN, H. M.
STEINER, H. WEISBERGs ANC G. SHAPIRO.

TBALL.

TELLY, M. SIMMONS.

TGIFy J. MILLER.

EFFECTS OF RESONANCE WICTH ON PROCUCTION ANGLLAR
DISTRIBUTIONS. R. L. THEWS.

REGGE~POLE MQDEL FOR INELASTIC CUASI-TWO-BODY PROCESSES, G.
Ao RINGLAND AND ‘R. L. THEWS.

NUCLEAR THOMAS-FERMI EQUATIONs W. C. MYERS AND W. J.
SWIATECKI.

THREE-AND-MORE—-BODYSTRANGE-PARTICLE PRODUCTION IN FI-MINUS PROTGN INTERACTIONS.
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TRACY
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TRILLING
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THREE-AND-MORE-BODY FINAL STATES, O. I. DAHL, L. M.
HARDY, R. I. HESSs J. KIRZ, AND D. H. MILLER.

TIDE-1, TIDE-II, AND INCEX, R. N. HEALEY FOR R. K. WAKERLING
AND G. SMITH.

TIDE-1, TIDE-11s AND INCEX, R. N. FEALEY FOR R. K. WAKERLING
AND G. SMITH.

TIGER, B. LEVINE.'

PROGRAMS FOR FITTING DATA ON THE TIME COURSE OF EVOLUTION OF
CARBON-14 MONOXICE IN ANIMAL BREATH, M. HOROVITZ.

UNITARY IRREOUCIBLE REPRESENTATICNS OF COVERING GRCUPS OF
THE LORENTZ GROUP, G. TINCLE.

PROTON HELIUM-3 POLARIZATION FRCM 10 TO 20 MEV, W. F. TIVOL,
P. J. CLARK, H. E. CONZETT, J. S. MCKEEs ANC R. J.
SLOBOCRIAN.

6600 PROGRAMMING, R. TRACY, J. KNIGHT, R. FINK, C. SYMONS,
M. LONGs AND D. STEVENS.

HIGH-ENERGY BEHAVIOR OF REGGE TRAJECTORIES IN A BOOTSTRAP
MODEL, S. Y. CHU AND C. I. TAN.

REGGE TRAJECTORIES FOR TWO-CHANNEL PROCESSES EN POTENTIAL
THEORY, N. F. BALI AND R. W. HAYMAKER.

REGGE MODEL FOR HIGH-ENERGY PIGN-PROTON, PROTON-PRGTON, AND
ANTIPROTON-PROTON ELASTIC SCATTERING AT SMALL
MOMENTUM TRANSFER, C. B. CHIUs R. Jo RIDDELL, JRey W
RARITA, AND J. No PHILLIPS.

EFFECT OF UNSTABLE TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIESs N. ALBRIGHT.

SEARCH FOR A TRANSPORT EQUATION APPLICABLE TC DILUTE
POLYATOMIC GASESs W. WOLLMAN.

TRANSPORT, J. COLONIAS.

EFFECT OF UNSTABLE TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIES, N. ALBRIGHT.

INFLUENCE OF CLEARING ELECTRODES CN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

TRAPPED PROTONS AT LOW SATELLITE ALTITUDES, k. H. HECKMAN.

RADIATION TREATMENT FOR DIABETES MELLITUS, DATA PROCESSING,
W. HOGAN, T. MAHAN, AND M. HOROWITZ.

XC0S1,y, C. RUGGE FOR E. MATTHIAS ANC B. TREYTL.

TRILLING-GOLDHABER DATA REDUCTICN, J. ALVAREZ, D. ARMSTRONG,
E. BURNSy D. LAMBy AND J. MILLER.

K-ZERO2 INTERACTIONS AND DECAYS,y J. KADYKy J. CHAN, C.
COYNE, Y. ORENy B. C. SHEN, AND G. H. TRILLING.

K-PLUS PROTON ELASTIC SCATTERING, C. WOHLy Ro W. BLAND, J.
CHAN, G. GOLDHABER, S. GOLCHABER, V. SEEGER, AND G.
He TRILLING.

TRIMy J. COLCNIAS, B. BURKHART, R. HEALEY, ANO R. AHLSTRAND.

TRIMy J. SPOERL.

TRIM-PIZZA.

. NUCLEON-NUCLEGON TRIPLE SCATTERING, C. M. ANKENBRANCT, D.

CHEUNGy L+ T. KERTH, K. C. LEUNG, AND P. SURKO.

THE REACTIONS K~MINUS PROTON .GOES TO ANTIK-ZERO NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPPs AND C. G. WOHL.

TRIST, C. OSBORNE. )

THEORY OF FISSION OF A CONDUCTING SURFACE-CHARGED CRCP, W.
Jo SWIATECKI AND C. F. TSANG.
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TVGP MGDIFICATION OF TVGPy J. ALVAREZ ANC E. BURNS.

TWC-B0ODY STRANGE-PARTICLE PRODUCTION IN PI-FINUS PROTON INTERACTIONS.
TWO-BODY FINAL STATES, O. I. DAHL, L. M. HARDYs R. I.
HESSy J. KIRZy Do He MILLER, AND J. A. SCHWARTZ.

TWO-BGDY SINGULARITIES OF THE BETHE-SALPETER .AND SCHRGDINGER EQUATION
TWO-BODY SCATTERING AMPLITUCES IN ALL OFF-SKELL
VARIABLES, R. HAYMAKER.

TWO-CHANNEL REGGE TRAJECTORIES FOR TWO-CHANNEL PROCESSES IN POTENTIAL
* THEORY, N. F. BALI AND R. W. HAYMAKER. ’

TYSCN DAPRy; J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, C.
BUDENAERS; De. HALL, He. 'WHITE, N. JONTLLEVIC, AND J.
FRANZ.

UAR /USA UAR/USA PYRAMID PROJECT, L. W. ALVAREZ, J. A. ANDERSCN, S.
BUCKINGHAM, J« He BURKHARC, F. KREISSy AND L.
YAZOLING.

UCRL-8030 UCRL-8030, A. H. ROSENFELDy A. BARBARO-GALTIERI, W. J.
PODOLSKYy L. R. PRICEy P. SOCINGy AND €. G. WOHL.

UNEQUAL-MASS NUMERICAL STUDY OF THE UNEQUAL-VMASS BETHE-SALPETER LADDER
EQUATION, W. B. KAUFMANN.

UNI TARY UNITARY IRREDUCIBLE REPRESENTATIGNS OF COVERING GROUPS OF
THE LORENTZ GROUP, G. TINCLE.

UNPHYSICAL ASYMPTOTIC BEHAVIOR OF SCATTERING AMPLITUDES ON UNPHYSICAL
SHEETSy C. I. TAN.

UNSTABLE EFFECT OF UNSTABLE ' TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIESs N. ALBRIGHT.

VALE 184-INCH CYCLOTRON, Da L. JUDD ANC J. T. VALE.

VAN--LGOON HIGH-ALTITUDE PARTICLE-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.

A. ANDERSON, .P. DAUBER, A. KIRSCHBAUM, L. J. LLOYD,
R. MULLER, D. B. SMITH, L. K. SMITH, M. WAHLIG, L.
VAN LOON, AND V. WALUGH.

VARDAS STNDy SMERGE, RCNTRK, L. VARDAS. /

VARLCAS L66y L. VARDAS AND D. JENSON.

VISSER POWELL-BIRGE DATA REODUCTION, J. VISSER, B. ALBRECHT, AND E.
COLEMAN, M. MYERS, AND H. HANERFELD.

VISTST VISTSTs L. WILSON.

WAHLIG BP66 EXPERIMENT, O. I. DAHL, J. H. FRIEDMANs J. KIRZ, D. B.
SMITHy Le He SMITH, R. J. SPRAFKA, ANC M. WAHLIG.

WAHLIG NEUTRAL-GCIBOSON SPARK~CHAMBER EXPERIMENT, 0. I. DAHL, M.
PRIPSTEIN, AND M. WAHLIG.

WAHLIG HIGH~ALTITUDE PARTICLE~PHYSICS EXPERIMENT, L. W. ALVAREZy J.

A. ANDERSON;_ P. CAUBER, A. KIRSCHBAUMs L. J. LLOYD,
Re MULLERy Do Be SMITH, L. He SMITH, M. WAHLIG, L.
VAN LOON, AND V. WALUCH.

WAJOISKI NEUTRAL BEAM AT SLAC, K. M. CROWEs D. DORFANy D. He MILLER,
M. M. SCHWARTZ, M. PACIOTTI, AND D. WAJOISKI.

WAKERL ING TIDE I, TIDE Il, AND INCEX, R. No HEALEY FOR R. K. WAKERLING
AND G. SMITH.

WALL INFLUENCE OF CLEARING ELECTRODES CN THE TRANSVERSE RESISTIVE
WALL INSTABILITY OF A COASTING BEAM, L. J. LASLETT.

WAL SH SYMMETRY-BREAKING CORRECTIONS TC THE SIGMA-PLUS MAGNETIC
MOMENTS IN SU(3)y T. WALSH.

WAL UCH HIGH~ALTITUDE PARTICLE~-PHYSICS EXPERIMENT, L. W. ALVAREZ, J.

A. ANDERSON, P. CAUBER, A. KIRSCHBAUMy L. J. LLOYD,
Re MULLER, D. B. SMITH, L. He SMITH, M. WAHLIG, L.
VAN -LOON, "AND V. WALUCH.

WANG LORENTZ POLE HYPOTHESISy J. FINKELSTEIN AND J. M. WANG.
WANG EXISTENCE OF FIXED POLES IN THE J PLANE AT NCNSENSE VALUES
. OF Jy S. MANDELSTAM AND L. L. WANG.
WANG DIP-BUMP STRUCTURE IN THE LOW-ENERGY CHARGEDO-PION-PRGTON AND

ANTIPROTON-PROTCN ELASTIC CIFFERENTIAL CRGSS
SECTIONS, C. 8. CHIUy S. Yo CHUy AND L. L. WANG.

WATSON NEAR-ADIABATIC SCATTERING BY ATCMIC SYSTEMS, K. M. WATSON.

WATSON PAIRSIG AND SEVERy C. RUGGE FOR R. WATSON.

WATT R. D. WATT.

WAVES STABILITY OF LOW-FREQUENCY DRIFT WAVES IN AN INHOMGGENEQUS
PLASMA IN THE SMALL-LARMCR-RAOIUS LIMIT, C. S. LIU.

WAVES EFFECT OF UNSTABLE TRANSVERSE PLASMA WAVES ON TRANSPORT
PROPERTIESs N. ALBRIGHT.

WEBER DATA REDUCTIGON, Re. W. BIRGE AND P. W. WEBER.

WEIGHT CONFIDENCE INTERVALS FOR AVERAGE WEIGHT IN MICE, W. HOGAN.

WEI SBERG POLARIZATICON IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC

SCATTERING FROM 250 TO 410 MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELLs P. R. ROBRISts S. ROCKs S.
SHANNON, He M. STEINER, ANC H. WEISBERG.
WELDON PI-MESIC ATOM X—-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,
: AND D. WELDON.

WENZEL MEASUREMENT OF THE BRANCHING RATIC K-PLUS GOES TO E-PLUS NU

/ K-PLUS GODES TGO MU-PLUS NU,s C. M. ANKENBRANDT, A. R.
CLARKy Bo. CORKy T. ELIOFF, C. KEEFEs L+ T. KERTH, J.
F. MCREYNOLDSy C. NEWTON, AND W. A. WENZEL.
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OIBOSON PRODUCTION BY 2- TO S-GEV/C PIONS, A. R. CLARK, B.
CORK,y T. ELIOFFy Le Te KERTE, T. N. RANGASWAMY, AND
We. A. WENZEL. :

NEUTRAL LEPTONIC CURRENTS, C. M. ANKENBRANDT, A. R. CLARK,
B CORKy D. KEEFE, L. T. KERTH, D. NEWTON, AND W. A.
WENZEL. ’ ‘

HAZE, J. CRAWFCRD, C. OSBORNE, J. GREENE, B. KOGER, D. HALL,
AND H. WHITE. /

DAPR, J. TYSON, J. CRAWFORD, K. LYNN, F. WINCORSKI, C.
BUDENAERS, D. HALLy H. WFITE, No JONTLLEVIC, AND J.
FRANZ.

HELIUM-FILLED WIDE-GAP CHAMBER PROJECT, A. STETZ, V.
PEREZ-MENDEZ, ANC J. SPERINCE. )

PI-MESIC ATOM X-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,
AND D. WELDON.

STUDY OF K-PLUS GOES TG PI-PLUS + 2 GAMMA, M. CHEN, C.
CUTTSy M. DEUTSCH, P. KIJEWSKIs R. STIENING, AND C.
WIEGAND.

MEASUREMENT OF K-MINUS-MESONIC X RAYS FROM LI, BEs B, AND
Cy C. WIEGAND ANC D. MACK.

PUZZLE, D. WILBER FOR R. ZANE.

STAP3, D. WILBER FOR T. HITCHCOCK.

GASP,y K. WILEY.

IRON KINETICS PROGRAMS, K. WILEY.

BEVATRON-INJECTOR PROGRAMMING, E. WILLIAMS ANO B. BELSHE.

PI-MINUS HELIUM-4 INTERACTIONS, L. KAUFMAN, V. PEREZ-MENDEZ,
Se WILLIAMS, B. GAULDsy ANC J. SPERINDE.

VISTSTy L. WILSON.

SPARK~CHAMBER PROGRAMMING, T. SCHAEFFER FOR L. KAUFMAN, L.
VARDAS FOR A. CLARK, AND L. WILSON FOR CROWE GROUP.

FOGy, J. FRANZ, D. HALLs AND F. WINDORSKI.

OAPRy J. TYSON, J« CRAWFORDs K. LYNNy F. WINCORSKI, D.
BUDENAERSy Do HALL, He WHITE, N. JONTULEVIC, AND J.
FRANZ.

K-MINUS PROTON GOES TO LAMBDA ETA, S. M. FLATTE AND C. G.
WCHL .

THE REACTIONS K-MINUS PROTON GOES TC ANTIK-ZERO NEUTRON AND
K-MINUS PROTON GOES TO PI-ZERO LAMBDA, A.
BARBARO-GALTIERI, R. D. TRIPPy AND C. G. WOHL.

UCRL-8030, A. H. ROSENFELD, A. BARBARO-GALTIERIs W. J.
PODOLSKY, L. Re. PRICE, P. SODINGy AND C. G. WOHL.

K-PLUS PROTON AND K-PLUS DEUTERON INTERACTIONS FROM 860 TO
1580 MEV/C, Ce. WOHL, R. W. BLANDy J. CHAN, G.
GOLDHABER, S. GOLOHABER, V. SEEGER, AND G. H.
TRILLING.

K-PLUS PROTON ELASTIC SCATTERING, C. WOHLs R. W. BLAND, J.
CHAN, G. GOLDHABER,y S. GGLOHABERs V. SEEGER, AND G.
He TRILLING.

PARTICLE YIELDS AND SECCNDARY BEAMS AT SLAC, S. M. FLATTE,
Ja Jeo MURRAY, AND S. G. WQJCICKI.

RADIOFREQUENCY DETECTOR FOR HIGH—-ENERGY PARTICLESy S. M.
FLATTEy Jo Jo MURRAY, ANC S. G. WOJCICKI.

SEARCH FOR A TRANSPORT EQUATION APPLICABLE TC DILUTE
POLYATOMIC GASES, W. WOLLVAN.

BERGMAN~WEIL FORMULAy J. WRIGHT.

PI-MESIC ATOM X-RAY EXPERIMENT, R. KUNSELMAN, C. WIEGAND,
AND O. WELDON.

PIONIC X RAYSy R. KUNSELMAN.

MEASUREMENT OF K=MINUS-MESONIC X RAYS FROM LI, BEy Bs AND
Cy Co WIEGAND ANC D. MACK.

XCO0S1ly C. RUGGE FOR E. MATTHIAS ANC B. TREYTL.

UAR/USA PYRAMID PROJECT, L. W. ALVAREZ, J. A. ANDERSCN, S.
BUCKINGHAM, J. H. BURKHARC, F. KREISS, AND L.
YAZOLINO. )

PARTICLE YIELDS AND SECGNDARY BEAMS AT SLACy S. M. FLATTE,
Ja Jo MURRAYs ANC S. G. WGJCICKI.

LP-90, J. YOUNG FOR A. GARREN.

PYRMIy J. YOUNG FOR E. HUBBARD.

REGGE TRAJECTORIES FOR A SUPERPCSITION OF TWC YUKAWA
POTENTIALS, N. F. BALI, S. Y. CHU, R. HAYMAKER, AND
C. I. TAN.

PUZZLE, D. WILBER FOR R. ZANE.

ANALYSIS OF K-PLUS DECAY AT REST, M. ZELLER.

ANALYTIC. S-MATRIX APPROACH TO ZERGC-MOMENTUM-TRANSFER
SYMMETRY, N. F. BALI, J. S. BALLs G. F. CHEW, AND A.
PIGNOTTI.

DDP-24 PROGRAMMING, D. ZURLINDEN.
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PI-PLUS PROTON INTERACTIONS FROM 1.3 THROUGH 1.7 GEV/C,
PGWELL-BIRGE GROUP.

PI-PLUS PROTON INTERACTIONS FROVM 1.3 THROUGH 1.7 GEV/C,
PCHWELL-BIRGE GROUP.

APPLICATION OF A SUPERPGSITION GF A REGGE-POLE EXCHANGE
AMPLITUCE AND DIRECT-CHANNEL RESONANCES TO FGRWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. ERCMWER.

CORRECTIONS OF THE 1/ND METHOD, A. E. EVERETT.

PROTON HELIUM-3 POLARIZATION FRGV 10 TO 20 MEV, W. F. TIVOL,
P. Jo CLARK, H. E. CONZETT, J. S. MCKEE, ANLC R. J.
SLOBOCRIAN.

K-PLUS PROTON AND K-PLUS DEUTERCN INTERACTIONS FROM 860 TQ
1580 MEV/Cy C. WOHLy R. w. BLAND, J. CHAN, G.
GOLDHABER, S. GOLDHABER, V. SEEGER, AND G. H.
TRILLING.

184~INCH CYCLOTRON, D. L. JUDD AND J. T. VALE.

APPLICATION OF A SUPERPGCSITION CF A REGGE-POLE EXCHANGE
AMPLITUDE AND DIRECT-CHANNEL RESONANCES TO FORWARD
K-MINUS PROTON GOES TO PI-PLUS SIGMA-MINUS SCATTERING
FROM 1.8 TO 2.9 GEV, R. BROWER.

PI-PLUS PROTON INTERACTIONS FROV 2.9 THROUGH 4.3 GEV/C, D.
G. BROWNy R. W. BIRGE, R. P. ELYy Go GIDAL, AND G. E.
KALMUS.

PROTON HELIUM-3 POLARIZATION FRGM 1C TO 20 MEV, W. F. TIVOL,
P. Jo. CLARKy Ho E. CONZETT, J. S. MCKEEs ANC R..J.
SLOBOCRIAN.

SEPARATED-FUNCTION 200-GEV SYNCHRCTRON, A. A. GARREN.

200-GEV ACCELERATOR STUDY GROUP ACTIVITIES, E. J. LOFGREN.

25-INCH HYDROGEN BUBBLE CHAMBER :

NEW 25-INCH BUBBLE CHAMBER BEAM, J. KADYK, D. COYNE, AND R.
BUTLER.

POLARIZATIGN IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEV, 'W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISHs S. ROCK, S.
SHANNON, He M. STEINER, ANC H. WEISBERG.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/Cy D. COYNE,
R. BUTLER, P. GAPOSCHKIN, AND J. MACNAUGHTON.

PI-PLUS PROTON INTERACTIONS FROM 3.5 TO 3.9 GEV/C, D. COYNE;
Re BUTLERy P. GAPOSCHKIN, AND J. MACNAUGHTON.

PI-PLUS PROTON INTERACTIONS FROM 2.9 THROUGH 4.3 GEV/C, D.
G. BROWN, R. W. BIRGE, R. P. ELY, G. GIDAL, AND G. E.
KALMUS.

SEPARABLE POTENITAL FIT TO NUCLECN-NUCLEON SCATTERING DATA
FROM 0 TO 400 MEV, T. R. MCNGAN.

POLARIZATION -IN PI-PLUS PROTON ANC PI-MINUS PROTON ELASTIC
SCATTERING FROM 250 TO 410 MEV, W. GORN, C. C.
MOREHOUSE, T. M. POWELL, P. R. ROBRISHy S. ROCK, S.
SHANNGN, H. M. STEINER, ANC H. WEISBERG.

DIBOSON PRODUCTION BY 2- TO 5-GEV/C PIONS, A. R. CLARK, 8.
CORK, Te ELIOFFy L. T. KERTHy; To No RANGASWAMY, AND
W. A. WENZEL. : :

APPLICABILITY OF THE REGGE-RESONANCE INTERFERENCE MOCEL TO
PION-NUCLEON DATA FOR PIGN INCIDENT LABORATORY
MOMENTA BELOW 6GEV/Cy A. V. STIRLING AND C. B. CHIU.

6411 PROGRAMMING, S. PENNYy, J. BCRGES, R. FINK, J. GLASNER,
W. HUTCHINSON, AND D. BRAINARD.

6600 PROGRAMMING, R. TRACY, J. KNIGHT, R. FINK, C. SYMONS,

: M. LONG, AND D. STEVENS.

COMPREHENSIVE MASS-STORAGE "SYSTEM, M. H. GARNJOST, S. PENNY,
R. FINK, AND D. MOSS. ON-LINE LINK BETWEEN THE 6600
AND A PDP-5 AT THE BEVATRON, S. ANDREAE, D. BRAINARD,
AND T. SCHAEFFER.

72— TO 82-INCH CHAMBER CONVERSICN.

72-INCH HYDROGEN BUBBLE CHAMBER

72~ TO 82-INCH CHAMBER CONVERSICN.

K-PLUS PROTON AND K-PLUS DEUTERCGN INTERACTIONS FROM 860 TO
1580 MEV/Cy C. WOHL, R. W. BLAND, J. CHAN, G.
GOLDHABER, S. GOLDHABFR, V. SEEGER, AND G. k.
TRILLING. )
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