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"You haven't told me yet,'" ;said Lady Nuttal, "what it is your -
~ fiancé does for a living."

""He's a statistician," rephed Lamxa, w1th an annoying sense
of being on the defensive.

Lady Nuttal was obviously taken aback. It had not occurred

. to her that statisticians entered into normal social relationshxps

The species, she would have surmised, was perpetuated in some
collateral manner, like mules. o
""But Aunt Sara, it's a very mterestmg professxon." said Lamxa '

. warmly.

, "I don't doubt 1t ""-gaid her aunt, who obv1ously doubted it

. very much. ""To express anything important in mere figures is so
plainly impossible that there must be endless scope for well-paid "
advice on how to do it. But don't you think that life with a -
 statistician would be rather, shall we say, humdrum?"

Lamia was silent. She felt reluctant to discuss the surprising -
depth of emotional possibility which she had discovered below
Edward's numerical veneer.

-~ "It's not the figures themselves," she said ﬁnally, ""it's what .

“+ you do with them that matters."

K. A C. Manderv111e The Und01ng of Lamla Gurdleneck

Primary causes are unknown to us; but are ‘subj'ect to
simple and constant laws, which may be discovered by
observation, the study of them being the object of

natural philosophy. Joseph'Fburier, Theory of Heat
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AN EXPERIMENTAL STUDY OF
THE LAMBDA-PROTON INTERACTION

John Michael Hauptman
Lawrence Berkeley Labbratory

University of California
Berkeley, California 94720

August 1, 1974
ABSTRACT .

The .results of a s‘tudy of Ap interactions in the intermediate m_oQ :

mentum range from 0.5 i:o 10.0 GeV /c A-vla'boratobry momentum are
- presented. A total A pathlength of 2.1X 106 cm has been obtained in the
. 82-inch 11qu1d hydrogen bubble chai‘nbgr, corresponcﬁng to arflluvx of
roughly 60 ev’ents/mb_. . Cross sections for the e1§.5fic, -ineléstic, and
‘resonant prodliction re‘actions afe given, in aadition to a measvuremevnt
of _tvhe Ap‘totavl cros‘s sectibn. We have studied the channels Ap - Ap,
Ap - E+p1r-_, Ap —» Efpﬂf, Ap — 'Aprrr+1'r_v, and Ap—»Zoﬁ. We do not ob-
serve resonant or cusp-like behavior inthe elastic reactionnear Ap—» = %p
- threshold._ The pion production reéctions Ap‘—> Zpmw and Ap - Aprm are
mediated in large part by single pion exchange, and display rich res-

2

onant production of the 3 baryon decuplet. Although the data are
éomewhat li_mited in statistical precision, the Ap interactions we have

studied are approximately consistent with SU(3) _Symmetry.
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Introduction

Elementary particle.physics continually strives to extend the
boundaries of our undersfanding of nuclear particles and their inter-
~actions. In the very beginning of this science, the fundamental nuclear
force res'vpon‘siblé _for the existence of nuclei was experimentally investi-
gated in scattering experiments between protons. 1 As teéhniques became
better 'develpped,' these expe_riments were extended in scope to include
the scattering.of neutrons by protons, 2 and, together with studies of the
deuteron, a rather complete and harmonious desc_ription3 of thé nucleon-
nucleon force was formulated.

When.vstilll higher énergy protons became avé.ilable at new particle :
. accele_ra.tors; 1r rhesons, one of the quanta believed responsible for the
nucleon-nucleon force, were produced for the first time in large numbers
invtvhe laboratory. There ensued evxte'n>sive experimentation of the w-
nucleon interaction, of its ;:orr'elation with thc_a_ nucleon-nucleon force,
and of the ,ric'h‘ resonant strﬁcture in all char__ge states of the m-nucleon -
system.v In 1961, the Eightfold Way5 was proposed, in which the w _
mésoi;s were members of an irreducible representation of the mai:he;'
matical symmetry group SU(3) along with five other particles,

K+,K° ,K° ,K~ and the n%, called the pseudoscalar meson octet.

- sA
+1 s K° K+ |
0 .  ™ LA nt Pseudoscalar (JP =07)
| | ' Meson octet
-1F K" KO
1 j 1L ] > I
1 1 -z
-1 -3 0 +-2- : +1
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The inte_ractions of all four K mesons with nucleons were also
stﬁdied in 'detail, augmenting the data available for study and displayin'gv
rich differentiations among these particles. ,Thé Eightfold Way al_sob
proposed that the protoh and neutron were memberé of another repreé

sentation, the baryon octet.

5 ﬁ
o f n P
-1 |- =7 A0 st " Baryon (JP = 1/2+)
Octet S
2 L Ch =0
[. [} 1 | 1 71
) 1 1 pA
-1 -3 0 +E +1

In the same sense that a complete experimental description of the meson .

octet was ver'y'beneficial, ‘one attempts to as semble an experimental -

" description qf the interactions of all other ‘membé_rs -o f the béryon octet,
the A,Z, aina "'._-".‘ "hyperson-si with the nucleons. :éé.sSibiy the easiést

way to prod}ice thé.sg'parti’cles’ is in high energy K_p. collisions. In
such inteféctions, the érobability per'c‘oll,i'svion of produci'ng a A hy-
peronis = 0.10, a = hyperb;n '0.03, and a § h'yp.ér:on‘z'0.00_'?. All the
hyperohs (except the =° which décays electroméghetically) have ‘roughly.
the 'éame mean lifetimes, but the A, besides being ﬁuch more copiously
pfd_duced, is more easily analyzed‘in an experii;nental apparatus than

- the charged Z hyperons for two reasons:. first, it'is neutral, and so



does not loose energy in a material medium,  and second, it decays
“into two well-measurable tracks, whereas the charged = hyperons are
short, straight tracks which are dif.ficu_lt to measure accurately. The
= hyperon, although easily analyzable, is :so méagerly produced that
no expei'ime‘nt to date has atterripted a systematic¢ study of tHe = - nu-
cleon interaction. This experiment was designed to study the A-nucleon
interaction at momenta from 0.5 to 10.0 GeV /c.. |
Expefimental investigation of the hyperon-nucleon interaction is‘
severelf inhibited by the short hypéron mean 1ifefim_es of a few tirr.lé‘s
10_10 secohds. 'f‘he resultant rhea‘n decay lengths kf.ovr 2. GeV /c hy'pebron‘sv.v '
are about. 14 cm for A, 4 cm for Z+, and 7 cm for =7, Consequehtly,
: the bub‘ple chamber is the only experimental technique employed to date
. in the study of individual A intéractions, primarily because ﬁhe chambgr o
.liquid has served the dual purposeg of A production {:arget and A _inter-‘., B
| actioh‘ detect@r.' The present experiment has irn_iaroved upon this
technique ‘by mouhting a very dense platinum target within the chamber
: liquid to enhance the A prodﬁctidn rate. We have observed roughly
_100,'0(50 visible A - prt~ decays in the liqﬁid hydrbgen in 500,000 photo-
graphs.

]

De”sp.ite re.cent spectacular successes in thg construction of

high energy hyper'on beams, the i'ntermédiate e'nef'gy; region from 1.0
’,‘ to 10. GeV has been largely unexplored. Figure 1 shows thé number
of in_di‘.fidual Ap interactions pﬁblished in the literature, vreporte_d at

conferences, or reported informally, from the d‘iscovery of the A

hyperon in 1947 by Rochester and Butler8 to the present time.
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Figure 1. The number of analyzed Ap interactions, above .

and below 500 MeV /c, reported by investigators from
the discovery of the A particle in 1947 to the present
time.



Previous to the present experiment, direct scattering experi-

me'nts9f15 of A hyperons on proton targets at momenta Below 500 MeV/c,
Whe_re the only channel openis 'the elastic, have established that the
total cross section falls rﬁonotonically from about 220 mb at 100 MeV /c
to about 25 mb at 500 MeV /c. Reference[13] has displayed this cross
section as roughly exponentially dependent on the A laboratory mc)menturr.i.
The scattering is found to be isotropic in the center-of-mass anglé, ‘the
forward-to-backward ratio is about unity, and no A polarization is ob-
B served. It may be inferred that the scattering takes place predomina'.ntlyf"'>
in an s-wave orbital angular momentum state. The Ap total cross B
" section throughout the range 200-500 MeV /c is roughly 3.5 tifnes smaller
* than the np tofal cross section. This is not surprising since, in a |
meson exchange potential description, the long range m-exchange force
is donﬁinant in np scattering and disallowed in Ap scattering due to thel
isospin singlet nature of the A The PP and Ap total cross sections |
are nearly equal in this momentum range, but the bsup'pression of the

v' "~ Pp Cross section can be fully accounted for by coulomb repulsion effects

. which reduce the s-wave scattering length.

Studies of hypérnuclei16 and effective ra'née approximaéion anal-

L ysesi4’ 15 have established that the singlet and triplet s-wave scattering
e lehgt.hs are approicimately equal a‘nd' negative, a = vat ~-1.6 fermi. These

' imply that at very low A momenta, the total cross section approaches

R 2 2
o O'T(Ap) ~ mwa_ + 3'rrat ~ 320 mb.

10,17-24 have

At momenta above 500 MeV/c, several experiments
" outlined the general fea_.tures. of the scattering in this domain. Thus,

the scattering begins to deviate from being consistent with pure s-wave
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scatte.ring', 24 and takes on a character which may be described by some
'admixfure of p-wave scattering near Ap—* =% threshold at PA = 642
‘ MeV /c incident momentum. At even higher momenta, the elastic scat-
tering becomes highly peripheral, 21 similar to the well-known nucleon-
_nucieon scattering, althdugh there has been some quantitative contro- |
versy23 on this point. The rapid decrease of the elastic cross section
is arréstéd'somewhere in the neighborhood of 20-25 mb. No experi-
ment has observed a substahtial enhancementzsa in the elastic cross
section near Ap— =°p threshold.

The onset of inelastic channels begins with Ap -+ ZN at about
642 Me\/_'/c., followed by single pion production 1n Ap - ANm and
Ap—+ ZNw Iat 900. and 1184. MeV/c, respective.ly, and then double pion
production in Ap - Apww at 1370. MeV/c." rI;he Ap - Z% reaction c'I.'oSs

T : 23 .. .
section is in controversy; one experiment = cites 11 events for a

1.5+ 0.5 fnb cfoss section, a'nother21 does not analyze the reaction due .

to serious k_inematic ambiguity problems, while a third24 publishes
46 unambiguous events and a cross section which peaks sharply to
about 10.. mb just above threshold. |

Since only the direction of the incident A is usually known, ,i:he
Ap - Apm and Ap —» AnTr+‘ reactions are at best constrained By four
kinematic equations with four unknowns, and aré \.rery. difficult to
identify unaﬁlbiguously. Howevér, two :experiments have published
. cross gection measurements of the Ap - Apr® reaction, one24 up to
1.5 GeV/c ob_taini'ng a li'pearly increasing cross section from 0 at
threshold to about 5. + 2.0 mb at 1.8 GeV/c. The other expveriment23 _

finds a momentum-averaged cross section of 4.1+ 0.8 mb from 0.88 to
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4.0 GeV /c.
Some data21 suggest isovector exchange in the double pion reaction

21,23 have observed stro"ng >(1385)

Ap——Ap'n'+17_ » and two experiments
- A(1236) production in this rreaction, although each has only about 12
' examples of the reaction.

At"'aS}"rmptotic" momenta, like 5.0 GeV/c, the Ap elastic cross
section becomes nearly constant a;t 8-10 rﬁb, and rough estimations21’ 23 .
of the total interaction cross section in these two bubble c_hamb-er>ex-
periments h.a‘we given O ~ 35-40 mb with errors of order 25-40 per-.
cent. A récént counter experiment,6 emﬂpllwc_)ying‘ ééée'ntially a trans-
mission technique, has determined that the total cross section from |
6 to 20 GeV‘/c A momentum is consistent with an average value of
34.6+0.41 mb over their entiré ﬁ;omenﬁim range.

The i)rese'nt experiment was i‘nitiateci late in 19_6_9 to strengthen

~the experimental understanding of the above data, a‘_fld to extend the

amount of data on individual Ap interactions above 1.0 GeV/c. We have

 studied thé reactions

Ap - Ap | (1a)
Ap - = pr" . (1b)
Ap - 2+p1r' ‘ o (1c)
Ap —~ vApTr+1r' - - (1d)
| | Ap—~ =% S | (le)
Ap - Anm’ | | o
Ap ~ Apn® | | - (1g)

in the 82-inch hydrogen bubble chamber for A momenta from about

0.5 to 10.0 GeV /c.
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-The outline of this thesis is as follows: Section I will discuss the
data gathering, with many of the details cerred in Appendices I, IFI,
and III; Section II will discuss the elastic reaction; énd Secvtion IIT will
describe a measurement of the Ap total cross section employing a new
technique. The inelastic reactions will be discussed in Sections IV
and V, where the most difficult reactions to analyze are delegated td
the. latter section. Finally, a review of cross sections is given in
Section VI. The appendices have been reserved for discussions of
matters of little concern to the non-specialist, alt_hdugh Appendices I,
II, and IIl are very important for the experiment. Appendix IV discﬁssés
Lorentz I'n;\/ariant phase space calculations empldyed in the ’invariant
mass fits of Section IV; Appendix V discusses & and @ decays in
. this experiment, gives a measurement of the parity violating parameter

in 57 - Aw decay, and presents cross sections for various final states

in 5% interactions at high energies. Appendix VI details the calculation

of the propagation of the K° amplitude through the platinum plate;
Appendix VII gives SU(2) and SU(3) coefficients for _e‘asy refereﬂce, v
quark model calculations, and U-spin ampiitudeé relﬂef/ant to Ap inter— :
actions we have studied. Appendix VIII gives some details of the. cal- |
culation involved in the total cross section measgrém'ent; and finally,
Appendi;c ‘IX-’gives _tai)leé of c'ro_ss sections displayed in the figures.

'Figures and their captions appear within each section for convenience.
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Section I. Description of the Experiment
A. Data Collection and Reduction.

The copious Qroduction of A hyperons for a scattering experiment

~in the few GeV region involves the fclJllowiJng considerations. Firstly,

~ one may readily conclude that fhe bubble chamber is the only reasonable
detector to use because of its 4ﬁ steradian solid angular acceptance and
100 micron‘ééatial resolution. In addition, the A mean proper lifetime,
T = 2.58-10__,10 seconds, and cbnsequent mean decay length A= (p/m)crt
cm, xlxecessit_‘ates-the production of A hyperons within, or at lea‘st a few
‘decay lengths from, the detéctor itself. .

Secondly, the ratio of the A hyperon production fa;:e to the back-’
‘ ground production rate should be maximal. This_'i‘s the case for KN

interactions at high energy, where

o'A production - 2.2 mb
ototal_

These ratios in NN and 7N interactions are 0.023 and 0.03, respectively,

and NN interactions have thé further disadvantage of a large, energetic
" neutron background. In KN int‘eraétions, the néutrén background comes
' primarily from the A - nun® decays. |

Thirdly, we have mounted a dense metal tal.‘getb within the bubble
"_if-'chax.nbber to enhance tHe T{. interaction raté, and he'n‘c‘e the A production
: rate, jnsiae i:he detectox_;. 24 The_ highest density is desirable, since
the K interaction rate per unit length is maximal, §a'nd the.A decay loss
inside the .l;arget is minimal. Platinum was choseh'fof ‘its high density

and strength (only osmium is more dense, but brittle).
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Finally, the choice of a K* beam was made over a

‘L‘: % RO + % K® beam primarily so that the K~ trajectory could be

- measured and projected through the platinum tafget; obtaining a well-

K

~defined line source for the produced A pavrticles.

The data in this thesis were obtained in a SO0,000-picfure exposure

of the SLAC .82-i‘nch hydrogen bubble chamber to a radiofrequency-
separated 12. GeV/c negative kaon beam. Two runs were taken in
September 1970 and Aprii 1971. The beam was the C beam to the 82-
inch charﬁber, 26 and was modified at the last quadrupoie doublet to
focus the dispersed beam to small dimensions in the vertical plan‘e.'

The K~ yield was ~ 4.5 K~ mesons per pulse at the 12. GeV /c radio- -

frequency pass band, and at an electron intensity of about 35 ma. The

K™ target was a platinum plate 10.0 inches wide, 0.75 inches deep, and

3.0 inches long (or roughly one interaction length) in the beam diréc_ﬁtion.

This platinum target was mounted within the liquid hydrogen of the
chamber, po.sitioned just abové the beam centerline (so that other ex-
periments might also proceed by steering their beams beiéw the
“platinum), and about 4 inches downstream of the e.dge‘o'f the visible
. volume."so'.fgat' ejnt'eri'ng K~ beam tracks are visible. ‘Vefy little bub-
ble formation was obsefved ébogt sharp edgeé of the plate. The
pl_atinuﬁ plate was rhaéhinéd and bolted to .mou'ntsv welded to the wall’
of the chamber. 217 The mounting w‘asv capable of Withét’anding the pulsed
,acceler.ation's ofrthe chamber body of roughly 30g p’er_pulse‘, where g
. is the acceleration of gravity, for nearly 2. million'.pulses. Typicél
photographsv of Ap scatters are shown on the following paggé.- O'ﬁe

feature of A production in high energy K-p,c'ollisions28 is that A
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particles are not produced peripherally és in lower energy K p colli-
sions. In particular, for reactions yielding high pion multiplicities
(nﬂ_ = 4), the A production angular d_istribﬁtion in thev center-of-mass
'is both forward and backward peaked with a mean near cos chz 0, |
and hence a mean center-of-mass longitudinél rhomentum near
PL ~ 0. GeV /c. At low pion multiplicities ('nn_ = 3.); the A production
is distinctly peripherai and forward peaked with respect to the targe't>
. baryon dir'ectio‘n. Since the A production cross sec:tion at these high
momenta is dominated by higher pion multiplicities,. the A laboratory
momentum and pathlength distributions extend to rather high momenta,
and are uséful in this experiment up to about 10. GeV/c. These are
displayed in Figs. 2a,b. The measured A decays i‘n. Fig. 2b are a

fraction, f., = 0.0667 of the total number of A decays to be found in

M

the film on a single scan. This number is the basic cross section

" normalization factor for the entire éxperime'nt. The pathlength distri-

bution in Fig. 2a has been normalized by this factor, and corrected for -

scanning efficiency and the visible A decay branching ratio, and thus
represents the actual A flux in this experiment cqrfeSponding to ~ 60
even'cs/mbv.v _ |

B ,_The film was scannved'29 for allr neutral-induced reactions, ‘free
_.VO_ decays, and charged particle induced reactions"l.eading to a sing.lé
- strange particle, and charged particle decays leading to a Vo .décay.
AThose event types ielevé.nt to this analysis.‘ are skefched in Fig. 3.
Prior to measurement all events fqund on the primary scaﬁ (except
event types 6 and 7) are critically re-evaluated>> as to their
reality by a mé.re experiénced scanner who' makes a sketch of the event
and the interacting-beam tracks in two Qiews. This procedure Waé

230 . . : . L
demonstrated™” in an earlier experiment to save considerable measuring
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strange particles are discussed in Appendix V.
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time due to both the higher frequency of real interaction events in the
measurement sample, and the enhanced probability of a successful
measurement with the assistance of a sketch.

The events are then méasuredon the ‘;Francke'n-stein'measuri'ng
machi‘nés in the LBL COBWEB system, 31 and préceséed fhrough the
programs MEDIT-TVGP-SQUAW. In addition to measuring thg trabc:ks
participating in the interaction, measurements are also made of beam
tracks which interact in either the platinum tafget or t_he liquid hydrogen
for the purpose of spatially reconstructing the bearvn.track interaction
vertex. For beam tracké interacting in the platinum, all minimum
ionizing tracks exiting from the platinum are also measured. These
tracks are fit to a quadratic trgjectdry, propagated backwards through
the platinum with proper multiéle scattering errors and energy losé

. correction, and employed in a search for intersections with incoming

* beam tracks. A minimum chi-squared for an n-track intersection

with (n-2) degrees of freedom defined the best intersection. For beam

tracks interacting in the liquid hydrogen, a single point in each view

' is measured. All such vertices are candidates for the origin of the

neutral particle which induced the reaction. We have modified EDIT
(i‘enamed MEDIT) and TVGP to accommodate the geometricél recon-
| .struction_of these beam track interactions to be uséd later in SQUAW
in the kinematic recohétruétion of reactions such as 1(e-g). Details
of fhe origih rec_:onstructidn are given in Appendix III. Since
= Ap —+Ap and Ap —» Ap1'r+1r— scatters are identifiable with or without
| an ofigin, a large sample of these scatters was used to estimate the
origin reconstruction efficiency. 'An efficiency 95.76 + 4 percent was

obtained.
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‘Kinematic Vsolutions of SQUAW consistent with energy and mo-
mentum conservation above tﬁe 0.01 confidence -lev.el are compared
with bubb'le._ density ionization information at the écan table, 32 and
only soluti.ons' consistent.wﬁh particle ide'ntification by ionization are
accepted and ‘stored on the Data Summary Tape (DST). Whenever two -
or more h&potheses of possibly different constraint classes are accept-
able, all Are.stéred on the DST. 34 |

Thirty percentbof the data has been scanned a second time, _an& a
very small fraction a third time, to estimate scanning efficiéncies for.
all event types. A detailed discussion of the»cal?:ﬁlation of scanning
efficiencies in this experiment"is given in Appéndix II of this thesis.

The second scan events were subjected to the same scanning procedures-

as the first, and no information obtained on the first scan was employed

in the second scan. We find considerable spatial variation of the scanning

effi-éiency along the beam direction for all event types near the plat_e.

" where sec.ondary particles from the K -nucleus collisions obscure the
field of view. The usgal assumption that each ev-eht has an a priori '
probability. of being found by ‘the average scanner is not a gooa assump--
‘tion vin the few centimeters downstream of the platinum térgét. It was

. cél_culated that type 7 events in this r:eg»ion have a rri‘ean probébili_ty of
being found which is about 2_5 peréent less than inléthef -regioﬁé_bf the
chamber. Furthermore, the meésureme'nt failure rate was found to

"be higher near fhe pla_tinum target than farther downstream. These
efficiency variations along the beam direction have Been taken into

account in every aspect of the analysis of the data.
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" The final data sample consists of the following numbers of events
(weighted for scanning efficiency and escape correction losses):

Table 1. Numbers of events.

Number of .N'umber of
Reaction E{vents Weighf:ed Events
Ap —~ Ap 584 942.2
Ap - = prl 132 169.4.
Ap - = pn” 60 . 107.6
Ap - Apriw’ 181 - 221.4
'-bAp - =% 25 . 40.4
ro - At - ~
Ap ~ ppr® - -

' ‘Since the latter two reactions have not been unambigiously identified, |
':‘We do not attempt to quote cross sectic?hs, but do present an analysis
'A'of these reactions, together with the Ap —Z% r~e_‘a‘a_c‘t'i'on, in Sec. V.
The elastic Ap scattering plus the subsequent A decay [Eq..(ia)] is
hgkinemati'cally a 4-constraint fit: three cox-lstraints a.t tvhe A - pr decay
»xbzlertex and one constraint at the Ap ihtera’ction vertex, without knowledge
of the incident A direction. Knowledge of the A origin coordinates con-
tributes two additional constraints of transverse m‘om_ehtum balance to
. ' t .
vfhe kinematic'fi.t. Chi-squared distributions for 4- and 6-constraints are
. _shown in Fig‘;s.v4(a-b). We have found that the» elastic réaction is largely.
..u.nambiguous event without these two constraints on ti‘ansverse‘ momentum,

21,23,24 have come to a similar conclusion.

and other experiments
-The elastic reaction suffers from loss of events at low momentum
transfer to the recoil proton due to the inability of pro'tons below a

‘momentum of about 100. MeV./c to form a track long é'nough to be
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recognized. If t:rn(GeV/(:)2 is the minimum momentum transfer
- squared at which a recoil proton track is visible, and B(G'eV./c)_Z'is'
the slope of the elastic diffraction peak, then the fraction of events

lost is

fraction lost = 1 - eBtm .

This is typicaliy a correction of 0.07 to the elastic data at high mo-

mentum. The scanning efficiency for the elastic topology, event type

17 i.'n Fig. 3, shows substantial variation through the fiducial vpiume,

being particularly poor very near the plate. This efficienéy is diSpléyed

"in Fig. I1.1 of Appendix II. » | |
~The reactions Ap—»Zip'rr:F plus the charged _Zi decayé are tv&o-con_

straint kiriefnatic fits without use of the incident A origin coordinate;

however, the charged =¥ hyperons have mean decay lengths of a few

centimeters, and .consequ'en_tly__ their_vrnome‘nta are poorly determined

by a sagit_ta measurement in a bubble chamber With a spatial re.svolution

of roughly 100 microns in real space. Since this constraint is u_sﬁally

in practice not used, these events are essentially on_e-constraint without

a /A origin, and three-constraint with an origin. - We‘ ha_ye taken care

to remea'sure’ topologive.;s of the. above reactions up to fouf times if a

three-constraint fit has nbt been obtained. S.c:anni‘rig 'evfficivenc;le.s for

these t'opologi.e_sv have béen estimated from the measured scanning _ef_fi-

ciency 6f'fhe much more numerous f:hree-prong recoils (type 30) without

é devcaying track,. and making a subsequent correction for short = de-

4 cay losses and center-of-mass angular decay losses in the decays '

-.Z):b - 'mr_:k resulting from too small an angle betw.e_e'n b a'.nd. ™ to be

resolved visually at the scan table. v'The decay Z)f—»_ p7° was not used
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Figure 4. (a) 4-constraint (4c) chi-squared distribution
for the reaction hypothesis Ap—+Ap without use of
the origin information; (b) corresponding 6-con-:
straint (6c) chi-squared distribution using the origin
information. (c) 4-constraint chi-squared for
AP—’_Apﬂ+Tr‘ hypothesis without origin information;
(d) corresponding 6-constraint with origin infor-
mation. o .
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in any cross section determination because its visual detection effi-
ciency was b'nly 20-30%; instead, the decay Z+ é' art was weighted
by the appropriate branching ratios

BR(Z' ~ pr) +BR(Z" >nr’) ., o
BR(z' - nn™)

Chi-squared distributions for these fit hypotheses ar.e shown in
Figs. 5(a-d). |
The 'Ap -»ApTr+1'r._ reaction (1d) is in the same constraint ciass
as the elastic reaction, its scanning efficie:ncy is very high (~ 0.95),
and chi-squared distributions for the four- and six-constraint hypotheses
are shown in Figs. 4(c-d). |
The =° production reaction Ap — =% (1e) reﬁuires an origin in _
order to be overconstrained. The overall constrai_'nts are four in »
number, with three constraints ét the A -~ pTr" décay vertex, .and ohe at the
combined A‘p - 2% interaction vertex and the =0 AY ‘ decay-vertéx. -
This reaction is discussed further in Sec. V. |
The two reactions Ap — A'n1T+ (1f) and Ap - Ap#® (1g) are zero-
consfraint if the origi;n pf the i_r.xci‘de'nt ..A is knowfn. _-SQUAW solutions to
Ap —»Am'rJr afe-afnbiguous with at least one other 'solﬁtion in 90% of_all
casés, ..and Ap -~ Apr® solutions are ambiguéﬁs in 50% of all cases.
- Due to these severe ambiguity problems, these reactions are not as
£eadil& analyzable as the other reactioﬁs, and we defer di'sic'us.s'io_'n';f
an attempted analysié to Sec.. ' B
Finaily, the decay A — p_‘n'° is a one-conétfaipt hypothesis without

an origin, and three-constraint with an origin. The scanning efficiency
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About half of the events in these distributions have
no momentum measurement of the ¥ decay track,
reducing the constraint classes to 1- constramt and
3-constraint, respectlvely
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is relatively good in this experiment except very near the plate, where
charged secondaries exiting from a beam track i'nte.raction inside the
platinum can sometimes simulate the V° decay topology. The A - pn~
and K: -t decays are ambiguous only in that region of K‘; decay
phase space in which the wt decays forward in the center-of-mass.
Figure 7 displays the dependence of the laboratory opening angle of the
VY versus the momentum balance between positive and nega.tive tracks.
Actual A and K‘; decays of the indicated momentum will fall along these
curves. The Aband'K‘; decay curves overlap 'ne#r @ = 1.0, and since
about half the A phase space overlaps with a much smaller fraction of
K°1 phase space, one is justified in assigning ambiguous events fo the
| A - pr~ decay. After such'assignme‘nt, the ambiguity rate is only 2%

at a few GeV/c V?® momentum.
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Section II.F Elastic Scattering

A. The elastic scattering cross section is shown in Fig. 8, and is
very similar to the proton-proton elastic cross sect.ionvreprésented by
the solid ii'ne. The differential elastic cfoss séctions do /dQ and

do /dt aré displayed in Fig. 9 as funcfions of the ir;cident A.momenturn,
and one ma&, in particular, observe the rapid variation of vthe evént
distributions in cos 6* as the elastic reaction préceeds from isotropic'
to highly periphéral scattering. Fits of the differehtiél c1;oss sectio‘n

in t, the four-momentum transfer squared, to the form

90 - Ae®t 0.01=-t <0.41 (GeV /)2 ()
reveal a shrinkage of the diffraction peak very similar to that observed
in pp and K+p elastic scatteri'n;g; two channels beliéved not to be reso-
. nant in the s-channel. These fitted slopes are given in Table 2 a'nd. dis -
- played in Fig. 10, together with pp slopes fitted by the same algorithm

over the same range of t.

Table 2. Elastic slope parameter

P, (Gev /c) Mean P,(GeV/c) B(GeV /c)™ 2
0.64 - 0.90 0.77 2.39+1.84
- 0.90 - 1.34 1.12  0.4541.26
1.34 - 2.40 | 1.87 3.4440.77
2.40 - 4.40 3.28 ' _ 5.85 .0.63
_y 4.40 - 10.0 - 5.90 . 6.55+0.92
- These data on the total and differential elastic créss.sections are in

accord with the published results of Kubis and Walters. 36
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Figure 8. The elastic Ap cross section from 0.4 to
10.0 GeV /c, compared to the pp elastic cross
- section. Below 500 MeV /c both: of these cross

" sections rise to very large values (see Fig. 61.)
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The elaétic Ap and pp reactions showvremarka.ble similarity in both
the magnitude and momentum dependence of the diffraction slope pa-
rameter, and in both reactions, the optical diffraction appears to set
in at the first inelastic threshold. These measurerﬁents are at some
variance with a previous experiment, 23 which meas‘.ur'ed a slope pa-
rameter B = 3.5+ 1.0 (CreV/c)_2 averaged over the A fnome'ntum range
1.5 to 4.o_GeV/c. |

' Care hés been taken in the measurement of thé slope parameter
.. to avoid a kinematic bias introduced by the averaging of data ovef a
- finite range in A center-of-mass momentum. The 'blflas results from
t. the fact that in the elastic reaction the cos 6* rang_eé for differént

_center-of-mass momenta, q, are mapped onto aiff,erent regions of t

' ..:f_by , y '

g t=-2q7(1 - cosb ), , (3)

’ ':_and consequently several ensembles of elastic events at different centé‘r—_
. :of-mass momenta, all of which are isotropic in cos _9*, will yield when
:"‘fcombined info one ensemble a t-distribution which i_s ‘not isotropic, as
'it must Be by relation (3). We have corrected for this bias below
2.4 deV/c A.mqmentum by transforming the four-rfldmentum transfer
,::squared, ti’ for each event in a given momentum bin by the Jécobian'

- v'of the transformation relating cbs 6>" to t, -

£ =t ( °> , (4)
i i\gq

“where q is the center-of-mass momentum of that event, and q, is

) i_.some appropriate average of the center-of-mass momenta of all events
' : . *
*in the given momentum bin. ' This effectively averages events in cos 6 ,

instead of t, by mapping each event onto the same t regi‘o‘;ni. Simple
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considerations indicate that the proper average, Qg is just

1 n
9%~ T §: q;> , (5)

“where n is the number of events in the bin.
B. The polarization of the outgoing A in the elasti_cx.reactionv has been
measured over the center-of-mass angular ranéé 0.30=cos 9* =0.95,
and found to be small and consistent with zero. This is.in accord with
the results of the mod.el of Arnold and Logan,35 based on a Regge-pole
model with SU(3) and exchange degeneracy, which states that the pri-v
mary contribution to NN polarization is due to AZ’ and not w, exchange.
The i‘s.ospinv singletrnature. of the A rules out A23 exchange in the elastic
reaction, with a consequent reduction in the polarization. These data
are givén in Table 3 and Fig. 11. The polarization of the recoil nu-
cleon in the elastic pp‘a‘nd np reactions, averaged over the same cos 6*
: range, is larger, ranging from 0.2at0.5 GeV/c, upto 0.4 at 1.4GeV /c,
and then steadily falling to about 0.1 at 7.0 GeV /c.

Table 3. Polarization of A in Ap - Ap.

PA(GeV/C) Polariza;t:ion
0.4-1.0 . 0.0 +0.40
1.0-2.0 © 0.07%0.20
2.0-4.0 | -0.02£0.20
4.0-10.0 |  0.1740.30

The question of a cusp, or of resonant behavior, in the elastic Ap

reaction near threshold for Ap—»Zop has been of some interest since

the original paper by de Swart and Dullemond. 252
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Figufe 11. The polarization in Ap elastic scattering
averaged of the center-of-mass scattering angular
range 0.30 < cos 6 <0.95.
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The latest results of this continuing analysis of the lower energy

25b The

‘hyperon-nucleon interé.ction have recently been published.
premis_e of the analysis is that baryon-baryon intei‘actiohs ét low
energy can be described by meson theoretic pote'nktials in av multichannel
Schrddinger equaLtion. Exchange potentials for the pseudoscalar and
vector nonets, and the uncorrelated two pion exchange, wereb emplbyed,
and all mesoh—baryon couplings constants were taken from previous
analyses together with SU(3) and SU(6) invariance. ‘It was found in both
their nucleon-nucleon and hYperon-nucleon descript.io'ns that three hard
core radii (r _<_ 0.4 fm) were required as essehtially a phenomenological
descr_i‘ption of the short range forces. Thé singiet and triplet scattering
lengths and effective ranges determined by suchv a model were found to
agree within about 10-15 percent with previous aﬁalyses ‘of nucleon-
nucleon scattering in both I = 0 and'i = 1 isospin states. Their simul-
taneous descriétion of all AN and =N scattgring data in the I = 1/2

and I = 3/2 states has yielded,‘ in particulaf, the Ap low ehergy pa—

rameters

a_=-2.16+0.26 fm r_=2.03%0.10 fm - (ba)
at'_

i

- 1.32£0.07 fm r, = 2.3140.08 fm, "~ (6b)

which agree well with their éarlie’r analyses. Furthermore, their
description of thé Ap elaétic cross section, shown_ivn Fig. 61, Sec.AVI
of this _thésis, displays a cusp in the 3S1 state, where the eigenphase
shift approaches w/2 near AN »~ TN thrgshold., it was noir:edv, however,
that the existence or non-existence of such cusp behavior is strongly

dependent upon the triplet hard core radius taken.
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We have examined our data, and find no evidence for such effecfé.

The distributions of elastic events in both incident A laboratory mo-

mentum and spatial position in the bubbie chamber are displayed in

Fig. 12. The downbstream edge of the platinum plé.te-»is aty - 86. cm.

No apparent_bias is seen 1n the y-distribution wheré one might suspect.

that scannihg inefficiencies near the plate could possibly bevr_t‘esponsi'ble

for a loss of eve'nt.s. The distribution in PA revealsb hp sltlv'ucbzture near

| PA = 0.642 GeV /c, the threshold for the reaction Ap - Zop. The crosg
‘section measured in this experiment from 0.30 to:_i.O'O'GeV/c in 100-MeV /c - :
‘i'nt’ervals is shown in Fig. 13. | -
C. -The ratio.of the real to the imaginary part of the forward elastic

» :.'scattering #mplitude has been calculated from our elastic_data and our
'..fvrneasurement of the Ap total cross section in Sec. III of this thesis.

| _The elastic scattering amplitude as a fl;'nction of éenter-of-mass mo-

mentum, q, and scattering angle, 9*, is taken to be .

£(q,07) = a(q,07) + ib(q,07); o NG

" then the differential cross section is just

do C %12
== = |f(q,6 )|
- | |
_ (8)
Sk 2 sk
= 2%(q,0™) +b%(q.07) .
+ ‘One usually parame_triz’es this cross section in t,
"'.’:v.where t = - 2q2(1 - CcOs 6*), as
. _ ) o
dog _ do dt _ Bt q '
D@ @A T 9

'Evaluated at t = 0, this relationship is

2

- A 9
(9,0) = A =

2%(q,0) + b2
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Figure 12. Distribution of Ap elastic scattering events
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Op = r Im f(q,0) , _
(10)
4w :
= — b(q, 0
g (q,0)
Solving for a(q,0) we obtain N
2 »o’. 2
' 2 2 H '
ata,0) 7 = g7 (20 = (11)
16m"

where Hhc =.0.624 GeV—mbi/Z; and the u'nifs are.A(mb/GeVz), O‘T(mb),
and q(GeV). ‘Then the ratio of the real to the imaginary part of the

- forward elastic scattering amplitude is.

. 2 2 '
|p(q)12: -L.Z;i—— = iéf_(ﬁ_.cz_)._‘i_ 11. .(12)
o

T

The error on lp lz has bee.n obtained by varying A and O in tﬁrn by one
standard deviation,. and computing the variation of ‘p ‘2. These results
are.shownv in Fig. 14. The sign of p, usually méasured by the inter-
ference of the purely real Coulomb amplifude with the real part of the
" nuclear amplitude, cannot bé so obtained in Ap scattering. We might
. suppose _that the sign will be given by the additive quérk médel elastic
amplitude ;‘elationship"(Appendix VII)

'Arn'pl(Ap) = Ampl(pp) + Ampl(K_'n) - Ar'npl(Tr+p). : | (13)

" In the range 2.0-3.0 GeV/c, the right hand side is

o (Ap)=[-0.35] ppo(pp)+ [0.0 S]K_n oT(K‘n)-[-o .20]"+'p0T('1T+p)

(14)

= - 0.2505(0p) -
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This is speculative, since the sign of the real part of the forward K'n
amplitude changes sign near 1.0 GeV /c, and furthermore, this quark
model relétionship for total cross sections at laboratory momenta be-

low about 3.0 GeV /c is not satisfied.
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Section III. Measurement of the Ap Total Cross Section
Cross sections are usually measured by cou'nting events in known
catego'ries. In this experiment, experienced bubble chamber physicists
- will quickly recognize the difficulty of kinematically idéntifying all, or _
‘néarly all, final stateé in Ap intei‘acﬁons at high energies, by virtue of
~the fact that one missing neutral particle frém th_é interaction reduces
thé nurﬁbe'r of kinematic constraints to zero, even in the most favorable
case where all tfacks are well-measured and the drigin of the incident
"'A is known. A direct count in this experiment of}heut‘r'al-induced events
“ :with a single hyi)erb'n separates out predominatly Ap and T(op inferaction'
| -events from the large 'r;p and small Eop backgrounds, which produce
_‘_',vveither zero or two strange particles. Since the separation of the Rop
and Ap events cannot be done on'a event-for-event basis for more than
-about 50 pérce‘nt of the data, a subseqﬁeht separatio:nv of the Ap from
- kthe combined Ap and f(op interaction events can .be performed on a
statisfical ba;sis', The crux of this statistical technique is that thé
.'spatial intensities of the A and R® flux differ within the detection region
-and hence, for example, hyperons produced by Ro'i'ntéraétions will
differ considverably in their spatial distribution than those p;oduced by
: /A interactions. K‘nowledge of the inclusive cross section for
'v;f{op - hypei‘on+ anytlﬁng, together with the assumption that -,
‘__'_.QT(Ap) = 0(Ap — hyperon+ anything), ‘allows a measurement of O (Ap) .
"A. AnIdealized Calculation
Suppose that the problem is one-dimehsiénal, and that
- i) the detection region is of length L, Fig. 15;

ii) the K~ target is aty = 0, and all A and R® are produced at the
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\and gyo(p) for K3

Pg(p:y)

i
0 _ | L

>y

Fig. 15. The A and K° probability

throughout the fiducial volume.

Then the probabiiity of having a A of momentum p at .y is
: o A ‘ .
- [_c'?—] y/p o
A .
Py(piy) = e - : (15)

' Similarly, the probability of having a K° of momentum p at y is
y P y of having a K~ npaty

1 [ -oyv/P -azy/b -vy/p
P‘K(P;Y) =7 _e te | + 2 | cos{ﬁy/p}
1 .- ) (16)
whei'e_ .

m,, mOAm

e P
1 : g
m :
.o _ 0, %2 |

Let N (p) and 0—(p) be the inclusive hyperon productlon cross
' sections in Ap'a'nd K P collisions, respectively. Then the probablhty

of having a hyperon produced in a region dy about y is
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Pru2

BABIPLPVIONPIR P 1z [ 2 (o) iy log (plap
| |

Pyly)dy = . T dy

j dy' {numerator} '
0 - ' N ' (18)

This probability e_ssentialiy separates the A _cornponent from the
K component in hyperon production by virtuo of the;: fact that the K
amplitude survives throughout the detection regioh,. Wh_iist the A dies
expone'ntially in the forward 1/3 of the detection region.

In addition, the Poisson probability of finding N hyperons where n.

are expected on the basis of the production cross reactions ¢ (p) and
P P A

O“K(P) is | —N -7

PINI%] = —fF ., (19)

| L. | L
n = PLH, / dyfdp ,}}A(p)%(p) PAlPsY) | |
| 0 0 o (20)

+ 2 ¢K(1)(p)c—f<(p) P-K(p;v)]

- where

Then the likelihood function is the product of this Poisson probability

and the product of thevN probabilities of finding the hyperons at the Vi

{: P[N | d] -[—l Pyly;) - (21)
i=1 |

For computational convenience, one usually forms the function

f= -ln,ﬁ N
= - {n P[N|7] - .Z‘ £n Pyly,)
i=1
N
Y_NenA+A+EnNt -5 4nP (y.) .
| =1 Y
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The fninirﬁum of this function determines the best estimate of the total
cross section, O‘T(p). : \

An alternative method, and in f_act the one emploYed in this Section,
is to calculate the spatial distribution of all hyperons according to (18),
and compare this with the obser{/ed experimen‘tall‘distribution in the
chi-sqﬁared sense. The best estimate of the total cross section is then
obtained by adjusti'nng'T(Ap) as a function of m‘o‘rnenturn' so as to mini-
mize the chi-squared, taking care, of coufse, that the contributions to
this chi-squared are r_oughly uniform throﬁghout the chamber.
" B. The Actual Calculation

A proper treatment involves essentiallf three genéralizations of the ~
ideal calculation: the propagation of the A and I—(ovamplitudes through
,.f:he chafnber in three dimensions; ’co'rrections_ due to visual i:nefficienciés,
and the _produétion of A and RK® in the liquid hydrogen (LHZ)'.
“1). A and K‘; Decay Distribution Calculations |

A measurement technique relying upon an e_xperimental spatial
distfibufion function must have a good understa'nding -of spatial biases

39

and efficiencies. A necessary test of these is prox)ided by A - pr™ -

o
1

derstood to be

- and K/ — ninT spatial decay distributions which are theoretically un-

-y/AT o | S
33‘ - & (decays /cm), o - (22)
. | |

where )\'r :is the A or Ki mean decay length, )\'r = PcT/m, T being
‘the proper mean lifetime of the A or K(; state. An ensemble of event
type 7 v° decéys38 in a 20-cm fiducial volume near the plai:e40 is

used to calculate the deéay distribution thr'd\ighouf the chamber in
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Figure 16. (a) Spatial decay distribution of KO —ntm™

decays observed produced from beam track inter-
actions in the liquid hydrogen (LH,).. (b) Same
- for A - pm” decays. '
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Figure 18. The difference of the K% » ntn” experimental

and calculated decay distributions. The A in this
figure, and all subsequent figures in this Section,
denotes the subtraction of the calculated spatial
distribution of a given quantity from the experi-
mentally observed distribution of that quantity.
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accordance With Eq. (22). _Details of this cal_culatioh are given in
_ Appéndix VIII. |
VZ) Flux C‘alculatiqgns
The Lémbda Flux:
For a given visible A — pm * decay in a fiducial volume slab of '
depth dy centered at y in the chamber, the total number of such decays

in the film represented by this event is

1
dn. = dy,
B | BR-fM-T]7(yi)

Where ¥; is the A decay position, n?(yi) the scanning efficiency, and
BR = .642 (visible decay branching ratio). The fraction of film mea-
sured for pathlength is fM = 0.0667. Then the A pathlength through the

' section dy at y is

: P
dL(y) _ 1 ' i
Iy Iy Zi:dni m, <A
(23)
. P '
1 1 i
. S cT
dy BR- fM Zn,?(yi) [mA A:‘

i
. where the sum is over all N -decaying in dy, the ith decay having mo-

mentum, P; > and position, Ve .

—

Assuming a Ap fotal cross section, -O‘T(Ap), of 35 _rnb.ahd the density

L = 0.060 gm/cm’, the resultant distribution

of the liquid hydrogen, P

. 2
" of hyperons is calculated as
dN dL, PLH,
_—d% (y) = I (y) UT(Ap) — hyperons /cm

P

and displayed in Fig. 20.
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To calculate the K° flux, we separate the cal‘culation into two par.ts:
(i) the K® amplitude deriving from K° produéed in the platinum plafe;
and the (ii) K° amplitude produced in the liquid hydrogen. The s.canning
instructions required the scanner to distingﬁ_ish between V° produced
at vertices in .the hydrbgen (ET6) and those with no éroduction origin
other tha'r_li the platinum plate (ET7). Examination of the s'pat'ial distri-
butions of ET6 and ET7 indicate that this requirement was. satisfied :
" well by the scanners; that is, the spatial distributions fésemble véry

well the expectéd ones,

dN ; - -y/)\
-d—}; (ET6)’~ 1- ?

?

dN -y /A
& BTN ~e

~where N is a typical mean decay length for the sarhple. We employ
these ide'ntivfications in the following calculation of fh'e K® arﬁplitude.
(i) R° amplitude from thé platinum plate. For each ET7
—R(i) — ot decay in a restricted 10 cm long fiducial volume near the
: platé; |
FID2. = - 20. <=x(cm)=+ 20.
. 84. =y(cm) =<- 74.
‘ + 3. S z(cm)’ =+ 34 |
the d.ecay is _ .
: a‘) - weighted by-i.:‘he prob#bility, WK, .that the K‘; was a K°,
” not a Ko; upon exiting from the plate. We have calculated this

probability using the solutions of K. Case*! and M. L. Crood,42

and find
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W= £0.97.

=

In addition, the decay is

b) weighted by the inverse of the probability of having decayed in

FID2,
: e 1
weight = - X
1 -e dZ/
* where
. dz(cm) = the three-dimensional potential flight distance inside

FIiD2,

- " K° . . P
Kl(cm) = mean K1 decay length ( = =

cT 1_)

c) weighted by the inverse of the visible branching ratio BR(K?—»n*’;r‘),

1

weight = BR™ ! = (.687)" 1 ;

d) weighted by the inverse of the fraction of film measured for v°
= _
M ’

-e) Weightéd by the inverse of the scanning efficiéncy at the decay point

decays, weight = f

. _ -1,
| Vi wexght = n,?(yi) ; and
f) weighted by 2 for the K° decay probability into Ki’. Altogether,
each Kc; —>1r+17_fdecay in FID2 represents a total number of K° particles
. exiting from the plate eqtial to
ZWT{

N, = — : '
K . . —dz/)\i (o] + - . :
(1-e ) BR(K, = ") £ m.(y;)

2

1

V where N, is its mean decay- length and Y5 its decay poéitioh. To cal-
culate the &° at y in the chamber, we define in Fig. 19 the trajectory -

of the K° in FID1
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A - point of K° entry into
‘fiducial volume FID1,

B - point of exit from FID1,
A

y - coordinate along beam
direction (very nearly
same as 82" chamber
TVGP y-coord.)

u - coordinate along K° ' Fig. 19 K° ‘trajectory.
line-of-flight. ' ‘ '

Kplate

Then the probability, P , of having‘ a K° state of momentum P atu

is, using (16), ' _ | S _ L |

R .
P “plate -

PR(P’ COSG)‘ (24)

where y = u cosf. Each K0 decay is so propagated through the chamber

in y unt11 its potential path exists from the fiducial volume, after which

pornt P plate = 0.

ii) The K° amplitude produced in the 11qu1d hydrogen. 'There are two
as sumptlons we make to simplify the calculatlon flrstly, we assume that
the K° productivIOn angular and morhenturn distributions are the same in
K Pt ahd K.-p'.collisiOns‘; and secondly, that the K? decay distribution
is the same as the ®° production distribu’tion _

: 7 _
We are then able to ut111ze the calculated PY?I;te '

(i) above, a'nd 'numer1ca11y integrate'its. contrlbutlon at a point y by

distribution in

summlng over the "source function" of ET6 K¢ — 1T+1-r decays. upstream

1
.of y in the chamber. Specifically,

® Y . _ Kplate

p(y') P 1
PY(I;’I;IZ: 67 Y Gy) g
. p - (y'")dy" K

(25)
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where p'6(y) and p 7(y) are the K? decay distributions, corrected for
scanning losses, of hydrogen produced K® and plate produced T{o,

respectively. Note that we have taken care of the K® loss due to K°

regeneration in the platinum by renormalizing P plate( ) by W—R-_ 1.

Neglectlng the y-dependence of p6(y) and p 7(y), and noting that

' -v/X\
PYplate(y)‘~ + 3 e v/ , the behavior of P

2 LHZ in y is roughly

1
Z! Y

PKLH
Y(y)

1 3
2~—4-Y+Z)\.

"~ Finally, the total spatially dependent hyperon contribution from ®°

" flux is proportional to the sum of Eq. (24) and Eq. (25)

PKplate + PKLHZ :
Y (y) Y (y)

~* weighted, of course, by the K p hyperon productmn cross section and

~ the density of 11qu1d hydrogen, and 1ntegrated over the K® momentum.

That is, the number of hyperons in a region dy at y produced by _Kop

_collisions is

dNI;( ) dy = d 1 dP {P plate + PK LH> | P.) _‘_)__I__,__Iiz
_‘d‘y‘”"’."’jo kK{7Y (y) Y()} ox (Py <p>
hyperons /cm. (26)
This quantity.is shown plotte‘c;l 1n Fig. 21.

| As a check on the validity of the above calculation of tha spatial
““distribution of hyperons arising from T{op interactions, we have per-
"vr'.-formed the same calculations for the Ap interactions ﬁsing a'a assurriéd
;‘-,cross section. This result is displayed in Fig. 22. The difference be-

tween this calculation, which separates the plate contribution and the
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‘liquid hydro'ge_.'n contribution; and the calculation performedb above in
Eq. 23,. is shown as a function of y in Fig. 23. For 78 degrées—of—
freedom, the chi- squared for the consistency of these célculations is
78.64. We conclude that the ciefermi“natidn éf the,f(ob a_r‘nplitude.is
| adequate.

The secc;nd method of calculating the hyperon disffibutibn arising
from Ap interactions can be readily employed to examiné the incident
A momentﬁm dépendence of the reéultant ‘hyperon distributions.

‘Accordingly, we have chosen f_ive bins in A laboratory momentum,

(a) 1.0 =P, (GeV/c)< 1.5
(b) 1.5 =P, (GeV /c) < 2.0
(c) 2.0=P, (GeV/c) < 3.0
(d) 3.0=P, (GeV/c) < 5.0
(e) 5.0=< P, (GeV /c) <10.0

and performed the calculation for each separatelyv.‘ These results are
Héhown in Fig. 24(a-e). In addition, the hyperon distribution arising
'from A produced by changed particle interactions in fhe liquid hydrogén
| (pfe‘domi'na'ntly K~ beam track) is shown as (f) in Fig. 24. ‘The above
,‘distributions_ are very useful in extracting the momentum dependence

of t'ﬁe Ap totél cross s'ec.tion. | |

3 Hyperon Event Count Calculations v

All A-p7m and Zt—> ar decays from event tyi)es 17,31,32, and 37

are counted as hyperons. Further detailvs of the hyperén éounting pro-
cedure are given in Aﬁpendix VIII. The resultant ex;;erir.nental distﬂ‘-

bution of hyperons 1n the 82-inch hydrogen bubble chambef is shown in
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of incident A momentum, curves (a) through
(e), for A produced in the platinum plate, and

assuming O'Tt:(Ap) = 35.0 mb. Curve (f) is the hyperon

distributionfor A produced in the LH,, and is averaged

over all A momenta.
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Fig. 25. The vtotal calculated hyperon distribution is in Fig. 26.
4. The Inclusive Hyperon Pr'oduction'Cross-Seétion' in _Kop Collisions
A rough ‘appvroximation‘ to the inclusive hypéron productioﬁ cross
section, Ok is afforded by the difference ' |
oy = 0K 'p) - 0p(K'p) - 0___(K p)
which subtracts out all those channels in K'p not leading to hy-perons,‘
including the charge exchange reaction not allowed in K+p. .
The above differe‘pce is very well measufed, and is shown as curve A
in Fig. 27. |
We may also estimate the cross section by adding up all available
channels in the charge symmetric reaction K n from the compilation of
Morrison,43 yi.el‘ding cﬁrve B in Fig. 27. |
A thifd'al-ternative is that, below single pion_ 't.h'réshéld in the T(N'_
system, we may take . ° B | |
o = 0p(K'p) - 0, (K'p) - 0 (K'p),
while above threshold we take the difference -
og = Op(K'p) - O'T(K+p) -0 (KP) .
vWe have used this third estimatiph in the preseht calculation of the. tot_él
cross section. It is the same as the first except at lower momenta
“where our io flux'is ‘'small; the secohd estimation ev_idéntly suffers
vvfrom a failure to _add up all the relevant reactions, some of which are
not easily available over such a broad spectrﬁm in K fnomen’tu_m. '
'C. Estimate of the Total Cross Section From a Chi-squared Fit
| The above specified calculations have been performed on the

entire experimental data from this experiment. Examination of the
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experimental distribution of hyperons found in the chambe‘r, Fig. 25,
reveals the expected exponential fall-off in the forward part of the
chamber, and the nearly flat distribution in the dovs)nst_ream half of the

" chamber. For comparison, the sum of the calculated hyperon d}is,tvribu-v
tions from Ap and —Kop ihteréctions is displayed in Fig. .26. A bin-for-
bin subtracfion of this calculated hyperon distribution from the experi-

mental, assuming

| O (Ap) = 35.0 mb 1.0-10.0 G.éV/c, [1st approximation]-r
‘ Yields the discrepancy distri/bution of Fig. 28. We infer a total cross
éection smaller than the first approximation value above »by virtue of thé
- deficiency of. experimentai events in the forward region of the chémbér.
'The rather narrow structure of this deficiency in y indicates, upon in- ‘
.s,pection of Fig. 24(a-e), that the total cross section i/s émaller at 1ow'e.r
momenta. |

A more éua'ntitative estimation is obtained by the following calcula-

tizon. Let .A(y) be the discrepancy distribution of hyperons (Fig. 28),

[ dN,. J dN, }
- (y) - =3 () ;
dy expt'l [ dy calc.

Aly) =
let
N = number of bins in y
o(y)= error on calculated hyperon distribution
and

fk(y)= calculated distribution of hyperons for some A momentum
bin, k.
Tiﬁat is, the functions fk(y) are just those plotted in Fig. 24 for _

k = a,b,c,d, or e. ‘We define a chi-squared for a given assumption of
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the calculated hype ron

distributions for the assumption OT(Ap) = 35.0 mb at

all momenta. '
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2 i Aly;) - fakfk(w
X = an oly;) ’

1=1

‘where the a, are coefficients to be adjusted as corrections to the

assumed oT(Ap) .

The error o(yi) on the discrepancy distribution

Ay.) = dNCEXP ) chalc e
i dy (y;) dy (y;) i i

‘is just given by

o(yi)z - 6E12 Jr‘asc].‘L2 ,

.since the experimental and calculated hyperon digf?ibntinns are inde-
.pendentv. 'Both (SEi and & C; have statistical contribntibns from the
V‘I.hyperons .and :fhe v° decays obvserved, respectively, and systematic
‘errors from the scanning efficienny determination. A derivation of
,- :.’.5 Ei and 6_ C, is given in Appendix VIII. For a good guess at GT(AP),

~

‘the .xz will be near minimum, and

) ay = 0, for all k.
‘We will iterate the estimation of OT(Ap) by adjusting the a, such as to
‘_ minimize the XZ.

In the least squares sense, the minimum in XZ is given for those

_ a,k such that

P

= 0, for all k.

(o5
~

a

These k equations are
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o [alyy) - = a £ (y)] £ (y;) S
>_J 5 ' = 0, for each k.
=t o (y;)

Direct inversion of this kXk matrix to obtain the k -coefficients ap

is not desirable since the eérror on the theoretical distribution, oly),

is dependent upon the a Approximately solving for each 3y we

k'
obtain . _
(f ;) :
el EX A f % f‘YH
141\ o (Yi) : j #
k = , 2 v
N
RSN
i:i[ o(y;)

Such a form is "suita;Ble to an iterative solution.
Since the aJ. on the right-hand-side are "not' known, these .equa‘tions
‘can be iterated from some initial Qalues, such as aJ. =0, all j.
These coefficients ay are_stron;tgly'corre.lated;_ as.is‘ evident from .
Fig. 24. Cohsequently, we have found it prudent to iterafe these
equatio-ns i_hany times (50 is sufficient) in order to obtain stable solu-
tioné.

‘ _vA'n iteration such as the above t'vé .'nullify‘ fhé aiscrepancy deviétions

of Fig. 28 leads one to the estimate that

1l

o] 23.949mb 1.0= PA(GeV/c) < 1.5

T

24.28 mb  1.5sP, (GeV/c) < 2.0 [an

Approximation]

26.62mb 2.0 sPA(GeV/’c) <3.0

32.11 mb 3.0 sPA(GeV/c) < 5.0

37.72mb 5.0 =P, (GeV/c) <10.0
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The behavior of the coefficients ay is shown in Fig. 29, and the re-
sultant discrepancy distribution is shown in Fig. >3.(.).' Since t.he LH2
contribution to the ‘hyperons from Ap interactions (cﬁrve (f) of Fig. 24) -
has been #vefaged over all A momenta, this prd.cedu.re must be repeated
to obtain a 3rd approximation using the an approxi.vrna'tiox.lvvalues of (45)

as input. In practice, we stop here with

1.5 GeV /c

tl
]

Op = 23.61 £ 6.8mb 1.0

2.0 GeV/c

24.46 + 6.8 mb 1.5

29.24 £ 6.6 mb 2.0 - 3.0 GeV/c

32.12 £ 8.0 mb 3.0 - 5.0 GeV /c

i

36.09 £ 8.0 mb 5.0 - 10.0 GeV /c
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Section IV. Inelastic Scattering
A. Single Pion Production: The Reaction Ap - ZpT.
The cross sections for the single pion producfion reactions
Ap . = prt R (27a)
Ap ~"ztpn” (27b)
are given in Figs. 32a,b. Superposed on each cross sectién is a rela-
tively well-measured nucleon-nucleon cross section at the séme center-
of-mass momentum for comparison. We observe that to a fair approxi- -
‘mation the Ap— Z_pn+ cross section is a constant rﬁultiple, r = O-.18,
of the pp—~ 'np1r+ cross section from threshold to 10~.d GeV /c. Similarly,
‘\:\‘_’the Ap »'2+§ﬂ_ cross section is eciual to roughly 70 to 80 percent of
the np—» ppr  cross section th}'oughout our full momentum spectrum.

We have estimated cross sections for the quasi-two-body processes

Ap Lozatt | | | (28a)

Ap ~ztA°. o (28b)
The (pm) invariant mass distribution in the reaction Ap - Z;p'n+ indi-
ca.tes'strong A++ production; indeed, roughly half of the events progeed
" through the qua'si-two-body'process v[Eq. (28a)] . Therebis little evidence |
_of A° production in Ap ~>E+p1_f‘ . Detailed fits to these mass distributions
| ‘were' performed employing al simple con’ibination of Lorentz invariant
;"p.hase space for the process Ap - =pm and a p-wave Breit-Wigner for

~“the A Invariant phase space was calculated according to

1236°
; Hagedovrn,‘l-4 and properly summed over our momentum distribution of
incident A. Hence, if there are N events of a particular reaction and

P(s,M)dM is the phase space available to an invariant mass between M

~and M+dM in that reaction of total center-of-mass energy nN's, then the
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Figure 32. (a) Cross section for the process Ap -—Z)-pTT+;'
- superposed is a .constant times the cross section for
pp - npr. (b) Cross section for Ap — =t P
superposed is the cross section for np — ppn referred
to the same center-of-mass momentum. '
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- total phase space in these fits is taken to be

P(M)dM = P(si;M)dM. : (29)

[~1=

[

[

The Breit-Wigngr form taken for a p-wave decay of a resonant state of

¢

mass MR and Wldth I"R is

1 r/2 o .
BW(M) = = , (30)
TMp-M)P e (r/2)%

where the width is taken to be

2, 2
p /(p" +m

)
R Z 2.
PR pg/lpg+m))

2
™
5~ (31)
with PR the center-of-mass momentum in the resonant decay of mass

. M_, and p the center-of-mass momentum of the decay particle in the

R
rest frame of M. The masses and widths used were 1385,34 MeV for

and 1236,110 for A The results of these fits are the solid

Z4385 2" 1236° |
lines of Figs. 33a,b. The lower line is the invariant phase space alone;
the upper line is the fitted sum of phase space and the Breit-Wigner.
Ih Table 6 the fraction of the total number of events in that channel

- attvributable.td either phase space (fPS) or resonant production (fBW)

~ is given.

Table 6. Results of the mass fits to a sum of Lorentz
invariant phase space and a p-wave Breit-Wigner
' Threshold=P, (GeV /€)=t0 3 <P, (GeV/c)=5
S5 Resonant £ ¢ T £ ¢
~ Reaction  Breit-Wigner BW PS BW PS

Ap-z=-prt AT o prt 0.55£0.13 0.45£0.13 0.524£0.12 0.48£0.12

Ap»zfpr™  A° - pr” 0.08+0.16 0.92+0.16 0.0 +£0.15 1.0 +0.15
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Figure 33. Invariant mass distributions in single and double

pion final states. (a) The (p1T+) mass distribution in
the reaction Ap -»Z-prt; (b) the (pr~) mass distribu-
tion in the reaction Ap -~ Z%pm; (c) the (pw), (d) the
(pm”), (e) the (Am”), and (f) the (A7) mass distributions
in the reaction Ap - Apntn-
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Figure 33B. The same mass distribution fits as in
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events induced by A between 3 and 5 GeV/c have
been used in the fits.
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The production cross sections for Ap—~Zp7 are given below, averaged
over two regions of A momentum; from threshold to 10 GeV /c, and
from 3 to 5 GeV/c. The corresponding momentum-averaged resonant

production cross sections for Ap—~ZA are also giveh.
Threshold=< PA (GeV /c) =10 3 SPA (GeV /c) <5

(o (Ap - = prh)) ~ 1.50%0.12 mb 2.40 £ 0.9 mb

ohp -~ = atty 0.82 £ 0.20 mb | 1.25+0.32 mb
(o (Ap - = pr7)) 1.00£0.15mb ~  1.40%0.80 mb "
o (Ap - = 2% 0.08 +0.16 mb 0.0 +0.23 mb

Dalitz plots for the reactions Eq. 47a,b are given in Figs. 34a,b..
The kinematic boundaries of these Dalitz plots 'a_re',‘ of course, not
well-defihed in this expe_riment for any e'n'semblia of events sirice .the.
incident beam is a spectrum in momentum. Any ahalysi's of the Dalitz
plot would require a care.fulr'normalization ofv.the density 1n each mass
cell dm1 sz according to the incident A momentum ‘spectrum.

A single pion exchange 'anally.sis in the Jacksén frame at the prA
vertex indicates thaf the pion exchange features of the reaction |
“Ap ~ Z—AHL are similar to those of pp — natt at similar momenta.

, . o

Although neither reaction satisfies well the expectations of 07, 5

- p-wave écattering at the prA vertex, where the angular..dev'pende'r'lce is

v |¢(a, ) lz = constant (i +3 coézé), _ v (32)

both reactions display very similar behavior in their Gottfried-Jackson
(@) and Treima'n;Ya'ng (¢) angular depéndences, Figs. 35b,c and
Figs. 36a,b. The t - distribution for these events displays thé dis-

tinctive forward peaking expected from drie pion exchange, Fig. 35a.



Ap-I pn*t

Q:_fvaggiﬁ'ﬂ‘iéﬁg

-73 =

Ap-L pnt

] 1 N —

-

40

30

LA S B R SN S A Be SR A S Saa aee

YT

_ Gev?

M3(Z—nt)

PUR UL WV SNI U GEP U USRS VS SN S GRS U R ST e .

40

10
-
N
A
-3
)
o

P B
Q
o

30

_ v v M2 (pn?) GeVvZ
2A®D 2'0/51uaag
XBL 747-1112

Figure 34. (a) Dalitz plot for the reaction Ap — = pr' .



Ap-Ztpn

-74 -

e L T S o o TSR T .
- 4
| ! i
L i
f ]
b 4
I ]
L 4
| ]
L ]
i ]
o a
9 4
! ]
3
- = -t
b . 4
| ]
. _I.J ]
N S N T TN

25

[=]
o

n Q
— -

zA®D 2'0/s1u2Ag

\n

(=4

0e

‘GeV2

M2 (pr7)

XBL 747-1111

209D Z0/s1usAg

-+

Dalitz plot for the reactiox.l_'Ap -z pm

Figure 34b.



Events/02

0o .

VU 4 g 4
-75-
Ap-ZEA 236
Y | N —
Ap-TA,23¢ 1
4
& 30} E
I o
~ | ]
- 20 H
(=]
I r ]
a i 1
[=4 b 4
L]
[x>.] 2 4
10 ' -
OF.. P 1" 1 sl . ]
0.0 0.2 04 - 0.6 08 1.0
' = |t-tpnl (Gev/c)? -
— A4+ — A+
Ap-X~Aiz36 Ap~Z~A1z36
zoﬁ...,....,.,..].‘..lj 20 S ——
Ap"z—Atggs 1 Ap"z—Atgas
1 1 3 .
15+ b L
4 w .
L QQ . .
Q - -4
[
o .
Q
] .
o 10} «}— I
m - 4
~
. w .
-
B [}
>
-or..l'..‘.‘n..‘_Al..L [+] S S R NN
-10 . -05 0.0 05 1.0 -180 -90 O 90 180
' Cos a ¢ (degrees) -
' XBL 747-1115
Figure 35. (a) Momentum transfer squared distribution of

A toX

in the reaction Ap—-» ZA
angle in the Jackson frame at the pw

(b) Jackson
vertex;

(c) the Treiman-Yang angle at the prA vertex.



-76 -

- Assuming that the reaction (28a) proceeds éntirely by single pion
exchahge, and noting that the SU(3) AZw ‘cbhpling is purely symmetric’
whereas the NNw coupling is a linear combination of stmetric and anti-
symmetric SU(3) couplings, an examination of the relative r.ea'ction .rates‘
for the processes in Fig. 37a,b yields a me‘asur'e of the ratio of symmetric
tora'n'ti-symrhetri.c 'coppling at the NN vertex .V ‘The..relative rates are

given by

- - 4+
0.(Ap—’ z A )11' exch

2
_ —rexeh . Ly p? (33
o(pp—~n & ) vch
where f is the ratio of anti-symmetric to symmetric plus anti-sym-

metric coupling. A fit to the cross section ratio of relation (33) yields

the value, Fig. 32a,

r=0.48+0.05= 2 (1-)°, C(34)
whence | _ |
. _F .
f= i =0.48+0.07. (35)
49-51

This value is consistent with other determinations of this qua'htity.
See Fig. 38.

The bé’ryoh- pio’n ma_;ss distributions in t':he reactions of'relatioh(33)'
are ve_ry' svimilar. The (nn+.)' ahd (pjf+) mass disti’ibuﬁions from an ex-
perimeht sfudy‘ing the reaction pp — npr' at 4.0 Ger/cr46 are displayed
_ in Fig. 39. The dash-dotted line on the (p‘rr+) mass distfibution is the
sum of 50 percent A1236 Breit-Wigner and 50 percent vph.ase space.
Their measurement of the fraction of Breit-Wigner is 0.50 £ 0.02, Vin
good agreement with our fraction of 0.55 £0.03. One reviewer;

S. Nilsson,47_ has 'state',‘d that the produétion of A++ in about 50 percent
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of the events is a general feature of inelastic pp intefactions. For
direct compariSO'n, our (E_n+) and (pTT+) mass distributions are shoWn
in Fig. 40. - |

The'sarhe comparison can be performed with our measurement of
the Ap —>Z+AO cross section and data for the np - pAo reaction. How-
ever, the low SU(2) production probability for A° provides fér only a
weak comparison due to both large statistical fluctﬁations and uncer-
tainties in the fitting of the mass distributions, as 1s alréady evident
from Fig. 33b. ‘
B. ﬁouble’ Pion Production: The Reaction Ap — Ai)17+ﬂ_

The cross section for the two pion production reaction

Ap = Apr i’ ' - (36)
is displayed in Fig. 41, in which the solid curve superposed is a repre-
‘sentation of the np —» np1r+1r- cross section obtained from the litera-

ture.50'49’53

We observe that the Ap cross section is consistent with
equality to the np cross section at all momenta from threshold to -

10.0 GeV /c.

This reaction proceeds strongly through the quasi-two-body process ==

AP~ Z 138584236 (37)

v ‘i'n' Bqth measured charge states qf the Z 4385 and 41236 decgﬁlet b.aryo,nS.v o
This is’evibdenced bf inspection of the (Am) and (pw) invariant mas s dis-
- tributions in Figs. 33c,e for the (AT7) (pm'+) combi‘natior_l and in.

' Figs. 3‘3d'.,f for the (A1r+) (p‘rf) combination. Triangle plots for both
combinations are displayed in Figs. 42a,b. Fits of these mass distri-

butions to a sum of Lorentz invariant phase space and a p-wave
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Breit-Wigner for the = and A resonant states have been per-

1385 1236
formed to extract an estimate of the resonant production cross sections.
The solid lines of Figs. 33c-f are the results of these‘ fits, where the
lower curve on each plot is the contribution of phase space alone, and
the upper curve is the sum of phase space and the fitted Breit-Wigl;ler.

Numerical results are given in Table 7.

Table 7. Results of the mass distribution fits to phase spaée
plus a p-wave Breit-Wigner

Threshold <P, (GeV /c)=10 35PA(GeV/c)5.5 -

. :Resonant £ £ ' £ f.
Reaction Breit-Wigner BwW - PsS BwW - "PS
+ - ++ + '
Ap—Apm At pn 0.4440.10 0.56+0.10 0.23+0.17 0.77+0.17
$ .. AT 0.31£0.07 0.69+0.07 0.27%0.09 0.73 £ 0.09

1385

Ap—Apn'n A% pr”  0.18%0.12 0.82+0.12 0.04%0.17 0.96+0.17

st L Ant 0.21+£0.06 0.79£0.06 0.20 £0.08 0.80 4 0.08

1385
- A cut was made on the narrow and well-defined'23138'5 resonance in
| thé above events, and the resulting sample was fit for the fractién of A
résonance present. The results of these fits are giveh in Table 8 and

Figs. 43a,b. _ : .
Table 8. Results of the fits to A Breit- Wigner and
phase space in the reactions Ap—>21385p1r

Reaction Resonant’ Threshold
Breit-Wigner =<Pj(GeV /c)<10 3 SPA(GeV/c)SS

'Ap—>2;385'pw+ AT prt 0.66+0.18 0.34+0.18 0.55£0.20 0.45 % 0.20

Ap~ T 3g5PT A% >pmT 0.0140.25 0.99 £0.25 0.12+0.28 0.88+0.28
The momentum-averaged Ap— Apﬁ+ﬂ_ cross section in Fig. 41 is
- 3.48 £ 0.28 mb averaged from threshold to 10 GeV /c, and 5.09 + 1.0mb

averaged from 3 to 5 GeV/c. The above mass fits'allow an estimate of

/
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the resonant production cross sections given in Table 9.

Table 9. Momentum-averaged resonant production cross sections.

_ . Threshold SPA (GeV /c)=<10 3= PA(GeV/c) < 5.
(o (Ap =ApminT))  3.48+0.28 mb 5.09+ 1.0 mb
o (Ap ~AT ATT) " 1.54£0.40 mb ' 4.20 £0.70 mb
o (Ap ~ArtA°) 0.62£0.40 mb  0.2041.0 mb
o (Ap *2138.5pﬂ'+)‘ 1.10 £ 0.30 mb | o 1.40 £ 0.50 mb
0 (Ap +E]35:PT ) 0.72 +£0.25 mb : 1.0 £0.4 mb
o (AP 4213'85&*)' 0.7 £0.3mb - o,v76 +0.35 mb
(Ap ~Z} 0% 0.0 £0.7mb  0.42+0.35mb

The (Anw) and (prw) mass distributions, Figs. 44a and 45a, contain
some structure at low mass. The solid curves represent the invariant
phase space vavailable' to the (Aww) and (prw) systems. The strong pro-

duction of 2,385 and A1236 resonant 'sta‘teAs determ'nied above may sug-

gest, however, that this structure is due in part to kinematic fef_lections,
thaf is, one high bar_yon-_pion mass combination hece‘ssarily constrains
the other Ba;‘yoh- pion combination to lower ma.s_ses'b‘y eher’gy conserva-
tion. Thése reflectioné are not completely understoqd e.{réh in hlgh
statistics nuCleOn—nucleén interactioris_. "In additi_on_to thi.‘s kinematic

. _ effect, there is another due to the circuinstance 'fhat the A _b’éam is

not monoenergetic. In a multi-body interaction induced by a particle.

- just above the kinematic threshold, all mass cbfnbinatiohs arev_ne>arb
their minimum mass. Wé have removed evehts_ induced by l'ow.mc)-

" mentum A, accepti'ng‘Ap - Ap‘nf+1r— events onlylfpr‘ incident A above

3.0 GeV/c. The s‘ame-distributions of_bafyon-pion ‘mass,vvFigs’. 46# '

and 47a, reveal considerably less structure.
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(c) cut at £ I/2.
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These distributions have been examined for Anm and prw states

which decay to = 7™ and A s respéctively. The motivation for

1385 1236"
such a search is to aéce_rtain if a strange analogue to the Roper res-
onance, obsefved in Nm and Nmm systermns, exisf_:s. If it doeé, the re-
quirerhent that it be diff'ractively produce‘d'with ‘t;‘he same quantum num-
bers as the A, I(JP) = 0(%+), demands that this strange Roper be prb—
duced with a nearly constant cross section, and hence e#iét in the data
at higher A momenta, and that it decay to at least a (Awm) system, since.
a (AT) system cannot be isospin 0. Two different selections'on the (Aw)
and (pm) ma‘.ssqspectra'have been made_; the first accepts baryon-pion
mass combinations within one reson-ance width of the 213854 or A1236’ '
' _’Figs. 46b and 47b, and the second accepts ucombinati‘onS within one-half
width, Figs.‘ 46¢ and 4?0. These latter mass distrilv)'_utions show little
' evidence for any structure. Théfe is meager eQi?:lence for a _svta_te ét
.‘ M(Arnm)= 1660 MeV, but it is by no means compelling. " We do not ob-
'serve the Roper in its decay to Am (branching ratio = 0;16) at a mass
FM(pmr)z 1400-1470 MeV.

In add_i_ﬁon to the mass distribution analyses of the preceding péra-

“graphs, we have examined the hypothesis that the reaction

Ap

= Z438554236 (38)

. proceeds by single pion exchange, Fig. 48a. The Gottfried-Jackson

" and Trieman-Yang angtlar dependernces at the prA vertex, Figs. 49b,c, :

| ‘agree reasonably well with this hypothesis. 'Indeed, with the exception
of the datum at cos @ - 1.0, we observe that the ekperimental distri-

butions follow closely the expected ones
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21385 p - A236

D236

B D236
(a) - (b)

F'igﬁre 48. Single pion exchange diagrams in the.
reactions Ap - 21385A1236 and

PP = 85368236 | -
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o |llJ(cos ar)‘| 2 1+ 3cbszaf : (39
and 2 | | | R
b (¢)|“ = constant. (40)

The Jackson_ and Trieman-Yang angles a‘t the A"21385 vertex are dis-
played in Figs. .49 d,e, and are expected to have the same dependences
as (30) and (40_).. | Furthermore, the distribution of the momentum trans- .
fer squared (less the kinema-tic r.ni'nimum),b t' =t _.tr;in' is peaked near
t' = 0 as expected. This pion exchange reaction is kihématica_lly farther
from the pion pole than reactions 48a,b. Since the pion propagator de-
pends on t as |

pion propagator = —1——2- , (41)
t - m,

‘and m_lf = 0.02 GeV2 is quite small, the cllifferential' cross section for
fhis pion e#change prbc.ess is lérge near the minimum t. In elastic -
scattering .of, say, nucleons thev mi'nimum momentum transfer, tmin’
is 0, whereas in np charge exché'ngg3tmin is non-zero buf very small.
In Ap —~ 2°p, t in 15 2lso quite small, in Ap - = att t i iSlarge,

is still larger.

and in Ap ~ 2 30584534 in

For the process Ap—> X we display on Figs. 50a,b the

138521236
* ,

vcosG and t' angular distributions as a function of incident A momentum.
In this section, we have found similarity between "t~he momentum

dependence of the single pion production reactions in A-nucleon and

" nucleon-nucleon interactions,

Ap— Zpm

Np- Npmw .
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The double pion production reactions
Ap - Apmm
Np - Npnr
also have‘simila..r behaviors from kinematic threshbld to 10.0 GeV /c.
The Ap reactions appear to bbé dominated by singie pion exchang_e‘:,‘ and
and A

production of = states.

1385 1236
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Section V.. Poorly Constrained Reactions
A. Ihtrodu_ction to the Problem -

This section a'naly’ze_s e-nseinbles of events in zvero- and one-con-
straint multivertex fits from SQUAW. 55 Our atte'ntioh to- thié problem
arises from the desire to measure thé 1-c:onst:rai'nt/2‘-vertex56 production
reaction | v :
Ap + =%, . (422)

and correctly separate this ensemble of events from others, e.g.,

spApr® (0C/1V) . (42p)
Ap - Anm’ (0C/1V) - - _>(42c)
and even | ,
Ap - Ap (1C/1V) . - (42d)

We comme‘nce.by. réviewing what SQUAW does in a zero—'constréint
situation such as reaction (42b). : o o

For agiven set of (well-) measured physical quantities, rnj, from
.TVGP, SQUAW first finds séme first approxiniatiori starfing vé.lu’es, Xj’ f‘o‘r

- allparticles ata vertex, using energy-momentum conservationand the mj.

Given a kinematic hypothesis, the conditions of energy-momentum conserva- .

tion yield the best fitted values, -)Zj’, subject_ to the errérs on the ,rnj’... Be-
‘cause the conservation equations are non-linear, the equations are
iterat_ed in the sense that the output values (Xj)_from one 'interac.tion are
fhe_ input values (}_(J.) to the next i‘@eration.

A kinematic solution is found if

0.1 MeV)

FSUM = Z|f. | <€ (e, =
G0 1 1 , ,
and . - : (43)
| , 5 o | | .
x©-XTl<e, (€, = 0.075)

where fi are the constraints, and ;2 is the chi-squared between the

firtt.ed ' _xJ. ‘and the measured mJ on the p_révious iteration.
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On each iteration in a fit, XVSET is called to check if all fitted

values are in the physical region. If not, the step size in the iteration

"is reduced by some factor €, i.e., the approximate value X from the

previous iteration (assumed to be physical) is stepped to the new value

X' =% +€(X-X),

instead of the value X, which had been found to be‘ unphysical. The
factor € is initialized at a value ~ %, and successively reduced by%
each cut. A maximum of ~ 20 Cuté are allowed b.ef.ore IFAIL = 20, 21
(too many total, or successive, cut steps). | |

On fhe firsf approximation at a zero-cénstrai‘nt vertex, if the values

X. are not all in the physical region, i.e. the discriminant of the quadrati_c'v_ |

 equation governing the solution is negative, then the discriminant is

forced to be zero, with a corresponding re-evaluation of the first approx-. -

 imation momentum of the incoming neutral particle (in the case of

. Ap = ApT©). 0>

Such a measure will obviously not improve a nbn_-phy‘sical situation,

unless other over-constrained vertices in the fit can have their first
~approximation values pulled to such an extent as to Tbring the zero-con-

“straint vertex into the physical region. In the case ‘o'f the 0C/1V

©, the other vertex. is the 3C A — pm~ vertex, which in general

>'is well k'noW'n, ‘and consequently the above measure has a limited chance

- of success.

For a real Ap - Apn'o'reaction measured in the film, the fitted

_;}quantities_ Xj are presumably in, or very close to, the physical region,

and only lie outside due to non-zero measurement errors. In such a
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case where some one of the Xj is not physical, it is possible that
2 -2
X - X < 62
and FSUM< €,
but no physical solution is allowed, and the final statué_ of the event is
XZ good, _
FSUM good, C (49)
IFAIL = 20 or 21,
and the hypothesis is rejectéd.
We have considered such a possibility.in connection with a class of-

events which are, from the’point of view ‘of SQUAW, kinematically

unambiguous examples of the reaction (42a)

Ap ~ =°p.

The method of analysis is essentially the same as fhat technique employed -

in ‘K°V3-bo'd'}'r'de¢iay _’a‘rialysiS‘inFWhich one éxaﬁli'nés _t'hé"discrimi'na‘nt of._‘
the ‘quadratic equation governing energy-momentum conserization in the
A.reaction. | |
'B. ‘Related- Problems

= d'ecay'.

T.hé reader will remember a similar situatio:n éncountered in the
early day‘s‘ when vcharged T were reconstructed in bubble éhar‘;ﬁber‘é_. On
' occaéion a charged decay, idéntified as a =~ by bubble density, failed tc;
. fit the T decay hypothesis, and only satisfied momenfum-energy con-"
servation for a charged K decay. The reasonis vs.traightforward. A
200 MeV/c =" has a mean decay length of ~ 200 (2.4cm) /1190 ~ 0.4 cm.

The momentum of so short a track cannot be dedulce'd from a curvature
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measurement, and so the T decay vertex has four unknown quantities:
the incident £ momentum and the threé—mdmenfﬁ'fn of the missing
neutral from‘the decay. F.‘urthermor‘e, the direction of such a track-is
poorly measured, and f_;he transverse n;lome"nturr.i.depends on this di-
rection, 3, énd the changecf secondary momentum, Ss’ as

pp = |B,|sin 6 (45)
where cos6 = 5'[35 . '
.This qu.an.tity cannot exceed the éenter-of-.mass momentum, pz, deter-
- mined rather precisely by the masses of the particles involved in.the
decay. The condition that R

pp= Py | | (46)

is equivalent to the condition that the discriminant of the quadratic
equation governing the decay be positive.

In this situation, however, the remedy is simple enough: the culprit :
is clearly the shért charged track, and its direction 4is to be changed
in the plapé of the decay so that P = pz) .

Neutral Three-Body K Decay

One usually separateé the Kw3 decay mode from both K13 modes
on the basis of the variable |

v -
K *2

2. ) ”
2 P - Pp) o | (47)
PT +.m T

: m
(Py° =

where m is the effective mass of both charged particles assuming that

+

. the decay is K®— n'n " n°

In this Kﬂ_3 deéay, the missing transverse

- momentum, PT » and the momentum of the w° in the K® rest frame,

* * 2 | .
' . .
P1-r° , are such that PT$ P-n-o , hence (PO) =0 for ', K"3v, but predominantly



-102-

negative for K£3 (since PT is lafger)'. A typical distribution of (P )
is shown in Fig. 51.
| Th¢> physical separation is madg on the basis"of monte carlo simu-
lation of the (P('))Z‘distributioh for giygn experimental 'errérs on the
measufed particles. |

. In such experiments one usuaily has a K; beam produced a 1arge
distahce from the detect_c')r‘, spark .char.nbers, ér a bubble chamber,
and so the éngular resolution of the Kcz)

the charged decay prong measurements. The resolution near

(P('))2 =0 is. ~ 0.002 GeVz, by visual inspection Qf F’ig. 51,

AJ (P'o)2 = 45.0 Mév/c'.' | (48)

Figufé 51 is from a bubble chamber experiment, for which this is a

direction is good compared to

.typlcal momentum error on a charged track.
C. Reconstructlon of Zero- Constra1nt Solutmns
Suppose in a reaction
a+bs>c+d+e : (49)
' . ok k' k K
where a, e are neutral particles, and PLL _(E sPy s pZ,pa) is the four-
vector of particle k, we define the difference four-vector
p =p*.p°-p¢+pl. PP, (50)
M M M~ K M M : :

where the equality on the right derives from energy-momentum con-

servation. The right-hand side is measured, and the left-hand side

- contains the four unknown quantities, the three-momentum of the neutral . -

: particle e, ‘and the magnitude of the momentum of the incident neutral

> PS¢, P%, P, and r<Pa)2+'(Pa)2+(Pa)2]1/2 (51)
1,.2, 3, an _.‘1~ 2 .‘3 ’
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with .
DHDP“ = invariant. . (52)

Given a direction for the incoming neutral particle a,

3= (ai, as, a3), the two neutral particle four-vectors must satisfy

=D . . (53)

\/mz + _P2 - D, = mz + P2 . (54a)
a a 0 e e . :

Pa1-D1:Pee1 ) " (54b)
P a, - D2 =P e, (54;)
Paa3 - D3 = Pee3 . -(54d)
where e = (ei, €5 e3) is the direction of neutral particle e,
| 3 3 - |
1= = ai2 - =z e_f,' ' (55)
i=1 i=1 > :

and Pa’ Pe are the magnitudes of the three-momenta of a,e. Sub-

stituting the momentum equations into the energy equation yields

(m? - m?%) + (D% - = D?) + 2P _$a.D. = 2D, A/ m?® + P°
a e 0 i i a” i1 0 a - a
(56)
The second term on the left-hand side is DMDM, andee.' define
o= (m®_-m% +D D" ' (57) -

(some effective mass difference squared between initial and final states).

Then (56) is R
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or

P2 l4[z aD.]1%-4D2 Y + P {403 a.D.} +{a®-4D%m?} - 0,
a ; Vo1 0 a ; i 0 "a.

(58)

whence the discriminant is

L2 ]2 2,2 o q2) |
D= 16D0 {a - 4ma(D0 - [ZaiDi] )} , (59)
U, 6 o
with units of [Energy] .
The uncertainty in D due to measurement errors is approximately

. calculated by altering the components of D}l by one standard deviation
in measured p, ¢, M, and computing the variation of the discriminant
with respect to these quantities,

8D 8D 8D
op ‘96 'oN

Then the standard deviation error oh D is taken to be

o= [ (52 am®+ &5 ae’s &2 aM? (60)
where Ap, A¢, AN are the one sta'ﬁdard deviation errors.

With respect to the incident neutral direction,. the discrim'inant
ha;s a maxifnum value when the quantity o
| EaiDi
~ is maximal, that is, when the incident neutral direction is the same as

- the sum of all measured final momenta. In this circumstance,

2 2 2
ZaiDi J D1 + D2 + D3
and _
D - 16D? Iaz _ 4m°D D“L . (1)
max 0 a u _ :
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In K° three-body decay, if one defines DH to be the four-vector
sum of the tWO'rriea_sufed final particles, then (58) and (59) describe
the kinematics of that decay.

The quantity analogous to (P('))2 in K° three-body decay is

Z= [ZaiDi]Z - {D.g - (Zr‘; )2} [E]%. ' (62a)
» a

The condition for the existence of a solution is
Z =0,

or that

D. Examination of the discriminant distribution for all Ap » Apn® fits

Apﬂo is strongly peaked near
Dppro = 0, With a long tail extending beyond D, ., = 3000.0 Gev®. A

finer examination near D

.on the DST, Fig. 52, reveals that D

Apmo = 0, inserts in Fig. 52,.shows that 't,he
peaking persists down to resolutions in DApﬂ'o of 1.0 GeV~. For orienta-

tion, a rather special class of events was generated in the monte carlo
senseS7 ’ép simulate the process

Ap ~ 2‘1"385;; s> pApn® . (63)
It must be emphasized that fhis ensemble of‘ events cioes vnot represent
| the true ensemble of Ap —»Ap_Tro events >i"r'1 tms experiment. An ﬁﬁbiased
ensemble of Ap — Apr® events has not, in fact, :'be'e'f_l obtai'ned., and
furthermore the intermediate process in relat.ion‘ (6,3.)‘doe‘s nbt reiiresent
all possible processes, nor does the incident A rriomentum of 2.5 GeV /c

represent the actual spectrum of incident A. Convsvequently, we may
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Distribution Qf Dapx®
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Figure 52. Distribution of the discriminant‘of'the quadratic

equation for all successful SQUAW fits to.the reaction
Ap -~ Apr®. Inserts show finer resolution near 0.
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draw ‘only qualitative c_;onclusi‘ons from these events. The discriminant
distributior:m for thése e\;ents is shown in"Fig. 53a, aﬁd :displays the
. preference_for a zero discriminant valué.- Further iig_ht is shed obn
this distr.ibution by smearing the z-coordinate of the monte carlo A
brigin as a Gaussian of Width o, = 0.5 cm, a rough éétimate derived .
from the Are_sult‘s of Appendix III. The resultant disqrirﬁinant distribution
in Fig. 53b rveveal.s a signi.fica‘nt spili-overl of evvents‘t.o negative values,
events which are unidentifiable with TVGP—SQUAW. |

‘We haveinvestigated the hypothesis that Ap — Ap1'r‘o .events with
negative discriminant values have been incorrectly identified as
- NAp —>Zop-.eve_nts. " This hypothesis is a good one, since the events are -
' generally 1o§v momentum interactions, théy usually ‘contain both a |
3-¢c A » pm’ decéy fit and a protdn by ionizatiqn, and there is some
kinematic overlapping of the.se two reéctions at 'm;)menta from 1—2.GéV /c
as revealed by a PHONY p‘rograrvlv'l58 analysis. |

We have calculated the Ap - A 7 © discriminant, for
. : P

. DApﬂo’
SQUAW fits to Ap—»ApiTo and Ap — Zop hypotheseé. " Figure 54a gives
Dpro for Ap--»./\p'rr0 éveh’cs near 0, which is posit':'ive.as r'equired;

(b) gives D, for 45 unambiguous SQUAW fitsto Ap —~ =°p, in which

Ap
is seen that, except fqr ‘1‘0 events, DApﬁO tends near', .butbless than,
0. Howeyer, gn estimation ng the errors on the DAp‘lTO réveéls in

(c) that only fi_\./e. events are witHin 1 ‘standard deviafibﬁ of 0, and in
(d) that 6n1y 13 events are within 3 standard devi‘at‘i‘ons of 0. We are
ju'stifieci in'assigning some of these 45 Ap -—-_Zlop 'fits to thé reaction -

Ap- Apm® (on the basis of Fig. 54b).
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z-coordinate of the A origin of 0.5 cm.
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Figure 54. Distribution for the discriminant for the re- '
action Ap - Apr® for (a) SQUAW identified .

Ap = Apr®; (b) SQUAW unambiguous Ap - Z°p;

" (c) SQUAW unambiguous Ap - Z°p within 1
standard deviation of zero discriminant; and
(d) same as (c), but within 3 standard deviations.
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However, precise assignment is sensitive to the cut on the number of

standard deviations,

/D o
Tﬁgii;; ’

¢

in which thé errors could not be apCurat’ely calculated from the inforfna-
tion stored on the DST. .

Monte Carlo exarﬁples of Ap —>Z°p indicate that the Ap —»pro d1s_
criminant is large and negative (Fig. 55) DAp‘rro = -.20 GeVé; that is,
examples_".of Ap—~ Z‘.op seem '\ihlikely to fit the Ap - Apm© hypothesis.’

The maximum value of the Ap - Apn© discriminant, irrespective

of the origin, Fig'. 56, indicates that only 20 out of 45 Ap —;Zop events
have a maximum DApTl’O which'is .poSitive (4 evgnts a'fe off scale). :
Aéid_e from the small errors on the_,3;c A decay fit and the TV_GP re-

- construction efrors on the re_coil proton track, thp_se eyents. i"ral‘ Fig. 5-6'. :
with max {DApﬂo} < 0 cannot possibly satisfy the Ap — Apm° hypothesis.
The one-constraint chi-squared distribution for these unambiguous
Ap—»Zop events in Fig. 57a is not normal. A reméasurement of these

| 4:5 events ga%/e the following results:

(a) 12.pe'rcent do né’t fit the Ap —>_Zop hypothesis' upon remeasure- :
ment; | | » |
(b) 18 pércent have a one-constraint chi-squared exceedihg 5.0 on

-both measu_r-e.ménts: ‘

(c) 11 percent have a Apn® discriminant within 1 standard devia-

-tion of D = 0; |

ppro TR |
(d) 11 'per‘ce'nt fit a 4c or 6¢c Ap - Ap hypothesis; and
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(e) 56 percent are reproducible as unambigﬁous Ap —» Z)op events.
(a) through. (d) add up to more than 51 percent because some events
fell into more than one category. . By rejecting events in (b)-(d) and
accepting evé'nt's in (a) and (e), we are led to the cross section for‘
Ap—»Zop in F-ig.i 58. The t' distribution for this process in given in
Fig. 59. Also plotted is the cross section expected from Z p—- An
data using SU(2) and detailed balance. The analysis of these events is
still uncértain. |
The presént kinematic fitting program SQUAW used maés; inverse
momentum, azimuth, and dip angles in the constraint equations. “v'It r;‘;ay |
be that another set, such as energy and three cartesian components of
momentufn, are more appropriate54 in a kinematic fit to the feaction
Ap —~ Zo_p. The low momentum photon in the Zo_;» Ay decay may strongly :
diétort chi-squared space if inverse momentum appears as one of the -
constraint ‘eqt.lations .
The discriminant distribution for all SQUAW fits to Aph» Ann’ in
Fig. 60 displays a‘preference fo;' D, ot 0. A pos_sible approach to
the resolution of the cross sections foi'.reactions 62b,c might proceed
- along the following lines:
(é) the discriminant probability distribution may be calculated in
the monte carlo sense wifh realistic measurement errors;
(b) the y-position of the intér'action in the bubble chamber gives,
_' from the résults_of Sec. III, the relative probability that this event

was induced by a A or T(o;
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(c) a pa’rameterA p may be defined as

p:—t—t———-—,OSpsi, (64)
max
where for a given reaction hypothesis t is the momentum transfer
- squared between the incoming and outgoing strange particle, and
t is the maximum allowed
max

t = X m.z- s . (65)
max ; i

Then p might separate events like K> A (p 1) from A - A and
—KoaT{o (p."== 0). |

(d) the SU(Z) constraint that (Appendix VII)"

| (Ao |ap) P =2 [(er® | ap) |°

holds_ also for the differential cross section, 'and. is, for example, a
relatively strong handie.on the m momentum spectrum from these re-
actions. Since the backgrounds for these reactions differ esséntiaily
dﬁé ‘tolpartial ioniéation identification of the recoil positive track, this

constraint may be helpful in estimating the baékground level.

In the above four points, (a) and (c) require dynamical assumptions'

for their use. One may, however, allow the constraints on these to be
so loose that the assumptions are valid and at the same time useful.
Thus, one rﬁight say in (a) that the probability of a v'rea.c_tion hypothesis-
is unity if ‘ | | | |

6

Discriminant § iO0.0 GeV

and small = 0.1 if
" Discriminant > 100.0 GeVé.'
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In (b), one might assign probability unity if the reaction is peripheral,
and a small probability ® 0.1 if non-peripheral. |
Point (b) is straightforward, and a precise probability may be

assigned. In (;i) , a probability may be as signed in a fit to Ap - Ap1r°
on the basis of the m° momentum in relation to the Tr"_' spectrum of un-
ambiguous Ap —-An1T+ fits. Conversely, the neutronin Ap — An‘rr+
must have‘ the same specf.rum as th_e proton in Ap ~>Ap1ro,- which is di-
réctly meas;ured in the chamber. When an improved sample of these

reactions has been obtained, the probability distributions of (a) and (c)
_ i .
may be recalculated, and the v&llhole process iterated. This analysis

has not been completed. ' |
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Section VI. Review of Lambda-Proton and Nucleon-Nucleon Cross
: Sections

Compilations of hyperon-nucleon cross sections have been published

59

i)y two groups; Alexander et al.”’ in 1969, and by the Particle Data
Group at Lawrence Berkeley Laboratory()A0 in 1970. We present in this -
section Ap, np, and pp cross sections from 0.1 to 20 GeV/'c, excludiné
primarily those data points with very large errors, and conseque'n’c_ly
little information content. v

Below 500 MeV /c the Ap, pp, and np reactions are elastic; Fig. 61
displays these three total cross sections from 100 to 700 MeV /c. The
pp total cross section is strongly suppressed by Coulomb repulsion,
and at zero momentum, the total pp and np cross sections approach .
4.0 b and 20.3 b, respectively. The Ap cross section approaches roughly
that value given by the singlet and triplet s-wave scattering lengths de-
termined from scattering data in the 160-3-00 MeV /c range,
o = was + 31rat2: 320 mb.
The total and elastic cross sections as measured in the present
experime'nf are shown in Fig. 62, while the totai cross-section mea-
surement of Ref. 6 is displayed in Fig. 63. All of the above data is -
displayed in Fig. 64, in which it is apparent that the high momentum
Ap interaction is ciuite similar to the np interaction, while the low mo-
'_ mentu_.fn behavior is considerably different in magnitude, if not n.lvornentumv
dependence. The same plot as aBove, but with our data averaged over |
Q.4 SPA < 1.2, is displayed in Fig. 65.

The very high momentum Ap cross secfion is of particular compara-

tive interest to the pp cross section from the point of view of a simple

additive quark model. If all the quark-quark amplitudes are additiveéi,
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Figure 61. Baryon-baryon total cross sections from 0.0
to 0.7GeV /c.
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Figure 64. Baryori-baryon total and elastic cross sections. |
Only the data from this experiment is shown in the
intermediate momentum range from 0.4 to 10 GeV /c.
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Figure 65. - Same as Figure 64, except that the data from

0.4 to 1.2 GeV/c has been averaged.
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Figure 66. All the available Ap data from this-experiment,
Ref. 6, and Ref. 60.
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then one may state that (Appendix VII) v

0. (Ap) = 0.(pp) ¥ 0 (K n) - o (np) (66)
that is,I the difference between the Ap and pp tot.al cross sections is just
that difference due to the single strange quark, which is exhibited in
the difference between K n and 1r+p total cross _sectionsv. This rela- .
tionship is .satiéfied very weil by the data of Gjesdal et al., wh’ose‘ v
total éross section is consistent with a constant ’valu'e of

Op = 34.6+0.41.mb | | e

over their entire momentum ;jange from 6.0 to ZO.OIGeV/c . .The qué.rk

result is 0, =352+06mb, (68)
' and is a.lso:.'nearly independent of.mom_e'ntum in this range. This relation
is difficult Ito. test at lower momenta, essentially because there is no
preécription fo account fpr mass difference effects among the reactions. '
Raiser62 ‘has developed many group theoretical relationships among L

hyperon-nucleon and nucleon-nucleon scattering cross sections. All of

his relationships involving incident A hyperons are the following:

{1 Coole) + | (2 1n0) P o | (3" 299 (2} = [(apl me B (650
2 {|<'z‘;385;s|Ap>|2+ | (z*a°) 12}'2 [(&p | np) [P= [(a"p [pp}|? (690)
2 {1 5gst' ) P o [(S5gaa% o) |2 1€8%7 [0} |* (69)
2@ e P | (27t )+ |<s-px*|zxp>-2}z| (e mp2

" In addition, there are two SU(2) reliationships: - v

| (=}, gen | apd|2=z | (293450 M0) % (70a) |
2 | (=°p |Ap) |2 = |<>:+n|Ap> | @ 3 (70b).

Thus relation (69a) can be simplified using (70b).
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.Thes'e relationships are, in fact, not very useful, as Kaisef has
noted. Rélations (69) assume the form of inequélities fu'ndame'ntaily
because the physical A° state is not a i)ure U-spin state, as are the
neutron and proton states. Furthermore, the cross sections in rela-
tions (69) are very difficult, or impossible, to measure; for example,
(69a) contains the reaction Ap —» Zop discussed above> in Séc. V, and
whose .cross: section is in doubt; relation (69b) confai-ns the reactions‘
Ap — Ap'rro ‘a"nd Ap —» Amr+, both of which are zero-constraint and
highly ambiguous‘ with'other reaction hypotheses (Sec. V); and relation
(69c) contains the reaction Ap - Ap'n'oﬂo, wh.ich.is unfittable in this

experiment. Only relation (69d) is straightforwardly satisfied, since

20 (Ap—~ = pr') 6.0 £1.0 mb

at 3.0 GeV /c, which is greater than

o(np -~ = pK') T 0.025+0.005 mb
also at 3.0 GeV /c, without reference to the reacti.ons Ap — s = k?
~and Ap »‘E_pK+ | |
| We will attempt to present measurements of amplitudes in U-spin
space based upon neutron-proton and lambda-protén cross section mea-
v .su.reme'ntts;: "With reference to Appendix VII, the elastic Ap scattering

amplitude can be written
f
- A(Ap) = AAEIAE» c.
' - 4n s

. (70a)
hc 1
P [5a5,2%2,]

where a3/2 and a1/2 are the matrix elements for s_.catterlng.ln otal
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U-spin states U = 3/2 and U = 1/2, respectively. Similarly, the np

amplitude is
_ he

4mA/ s

~ A(np) [a5 /5] - | ~ (70b)

Employing the optical theorem,

0.p(8) = i" fic Im £(s,0)
we have | | ,
kNs '
Im a = ——= [20q(Ap) - O,.(np)]. (71a)
1/2 C o 2(,ﬁc)z UTE T

Trivially, from 70b, we also have

Im 23/2 = ;k(-:—;jjz— [OT(np)] . (71b).
t=0
These quantities are shown in Fig. 67. '

This thesis concludes at this poijnt, probab_ly'leaving behind many
unfinished analyses of this data, however imprecise it may be by com-
parison to the data of other particle interactions. Although only a few
quantitative ‘tests of SU(3) symmetry have been made, and the elastic
polarizati_von and real part of the for;avard elastic amplitude are too poorly
determined for precise comparison, we are gratified. that these lambda-
proton reactions we have studied are approximately consistent with SU(3).
This of coursé does not rule out consisfency with other descriptions. .Inb
pa-rticulér, the Regge-poie model of Kubis and Walt:ers‘36 has calculated
lambda;-prth'n cross sections based upon the nucleon-nucleon Regge |

64

parameters determined by Rarita, et al., and SU(3) symmetric coupling

constants. Our data is in accord with their published differential elastic
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A S 7.0 GeV /c, and their integrated elastic cross

section from 3.0 to 10.0 GeV/c. Our'data does not agree with their total

cross section at P

cross secﬁbn in the 3.0 to 5.0 GeV /c region, however.

| Further sé;dy of the Ap interaction is warranted, we feel, not so
~ much in the very high momentum regime, but in the transition region
from below the first inelastic threshold up to aboﬁ.t 4 GeV/c where most
of the inelastic channels have already set in. A ‘precise comparison of
the Ap and np reactions in this region‘may revealrfeatures of particle .
.excha'x_'_xges hot_ obtainable ’in other reactions, since the A is an isospin
singlet particlé; the only sihglet (aside from the £ -)‘ a\l/éi_lable for di-

rect scattering experiments.
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APPENDIX I. Data Reduction

Introduction

This note details how, in the lémbda-proton experiment, we have:
dealt with thé probl‘em1 of gettjng information from the fiim, throuvgh
at least three encounters with thé scan table, to the selected s.ummary'
tape with high reliability. We have attempted, first, to reduce the

- number of separate computer jobs to be submitted, since personnel

effort and error is proportional to the number of separate steps re-

quiring personnel interaction; and second never to discard any informa-

tion about an event, no matter how trivial or even outdated it may be.

An event is updated by a néew entry, both events are deactivated by a

code for the type of update, and a third event image, with all accumulated

information, remains active in the master list. In the end, for each event,"

one can trace the time-history complete with all remarks made, all up-

dates and changes made, and the terminal status of that event.

1. Standard Event Image Format

Each event is described by‘ 50 variables, given below, which are
packed into a 16-word event image, 2 the first 8 words, or 80_ columns,

g 'of'.which compose a card ima-g'e.'completely cofnpatible with COBWEB

input. Events are stored on magnetic tape in binary mod‘e‘, 32 events’

1Ai: the time this experiment began, August 1970, there did not exist a
data reduction system in the T-G group employing the teletypes and

- adequate to cope with the complexity in this type of experiment. See

Trilling /Goldhaber Internal Notes TN-160, TN-166. :

2I‘n the future, we r_nayv choose to 'pack more efficiently in order to store
more events on a 2400-foot physical tape. Present limit is about
110,000 events. '
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per record.

1.

2.

12.
13,
14,
15,
16,
17.
18.
19.
20.
21.
22.
23.

24.

IACTIVE
IROLL
IFRAME
IKN
IBMTKS
IBM2

IORIG

IET

IGRID(1)
IGRID(2)
IML(1)
IML(2)
IPNLID

IEXP

1I0P

ITIME
ITIME
IREJ
IRNG(1)’

IRNG(2)

ITYPSCN
ICODE.
ICHNG

IC2
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activation - deactivation flag
roll number

frame number

'K number

beam tracks interacting in plate

beam tracks, cont.

origin flag

event type

first grid

seéond grid

master list X coordinate (for first grid)
master list Y coordinate (fof first grid)
Panal tape number

experiment

scanner, operator

daté

time

rejéct flag

range 1

range 2

type scan (1 or 2)

indicative data change code

new .data to replace old

scan 1, 2 discrepancy flag
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25. ICH2 " punch flag
26. ICRR | alphanumeric. indicative data and new data
27. IDTMS ‘ date méasured |
28. ISUST | Sioux status
29.- IRMNO ‘remeasurement number
30. IMP | measuring machine |
31. IORD ordinate ‘number on éanal ,tavpe
32. IVERS | Sioux version
33. IPHYSRS physics resolution flag
IFEX(14) ‘ fourteen unused storage locations
"~ 48. ILOGWRD »updaté commands for this event (packed)
49. IMRK’S accepted marks for this event (packed)
50. ICOMWRD - physicist comments (packed)

‘Fi.gure I-1 specifies the locations of each of the above variables in
the 16-wofd' event image, .tog’ether with the format in binary mode.
Commas are the delimiters between separate piéc'es of inforrhation.

- On this Mecharﬁcs Paper, each horizontal grid spacing is two (2)

 characters, or 12 octal bits.

_ 2.  Scanning and M_eas.uri*ng

We .ha_.vve chosen Iavroute3 in which a scanner searches for all eVeht '
_types and reéofds only idejntificatioh informatioh - roll, frame',_ grids,
e{fent type, and type of -sca'n.4 This is sc‘a'n 1.
Each event of potential physics importance is looked at by a more.

experienced scanner and critically judged as to its reality. If the event

is considered real, it is prepared for measurement in the COBWEB ‘
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Event Image

[IACTIVE IROLL  IFRAME | | IKN - - IBMTKS

' 12 4 14 : I |12 ¢
WORD 1 WORD 2 ‘

| IBM2  IORIG l.IET | |IET "’ IGRID(:[)_' IGRID(2) |

| 14 12 | T1a R4 | |
WORD 3 WORD 4

|1ML(1) ; INL(2) =~ IPNLID ||, IEXPL IOP . IDATE l

l I3 I3 15 l | 12 12 15 | -
WORD 5 - WORD 6

IITIME IREJ ~ IRNG(1) IR1\1 |G(2) ITYPSCN ICODE ICHNG'

i {1 ] 1 4 -

[ 15 12 12 . I {12 12 12 R5 | .
WORD 7 WORD 8 :

'|1c2‘ ICHz ICRP | fpTMs  1SUST I

l I1 12 R7 I {15 | 15 |,
WORD 9 WORD 10

IIRMIIJD IM‘P , IORD IVERS | |IPHYSRS _ |

| 11 i I3 RS RRE | ’ |
WORD 11 WORD 12

| | | - . . ILOGWRD [

| | | l (pACKED)j :
"WORD 13 WORD 14

] IMRKS | | ICOMWRD |

[ (PACKED) | 11 (PACKED) 1
WORD 15 WORD 16

Figure I.1

Packing format of event variables in the event image.
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system by correcting any frame, grid, or évvent type errors, adding
ranges, and making a sketch of both the event and beam tracks which
interact in the platinum plate. > This is scan 3.
| Similarly for re-scan events, the same procedures are followed,
except that the types of scan are numbered 2 and 5, respectively.
These scan data are entered on the COBWEB system I:elet:ypes6

in the following formats:

0142,N231/32 _ --typical scan 1 entry
\event type

grid
frame

- 0142,N231/32,CR4, P11 GN21'3 B2,B5,B7 --typical corresponding
scan 3 entry
beam tracks
grid correction to N213
physmlst comment 11
range put on track 4
- beginning of comment field

Scan reports such as these, from all scan tableé, are deposited on the
M44 tape, the daily output of the COBWEB "s'yst'e'x'n. Program LEO (see
Section 4) is a tfimmed down version of EREDIT (written by B. Albrecht
- for the LBL. COBWEB systerh), which decodes this information and |

constructs the master list event image of Fig. I.1.

3Derived from that employed on a pre_vibus experiinent, Exp. 76; see
scanning instructions, TN-150, TN-153.

7 4Sca'n'ning instructions for Exp. 30, TN-167
" Spre-scan instructions for Exp. 30, TN-169.
6Genera1 COBWERB teletype Scan Instructions, TN-152
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Particular event types (presently 3, 5, 9, 17, 31, 32, 37, 77)
declared real on Scan 3 are punched out of the master list during the
routine weekly LEO-SORT-LIBRA run (Sectioﬂ‘l), and the events are
| flagged (ICH2 = 77) to prevent duplicate punching at any later time.
The master list format is compatible with COBWEB, and the cards are
read directlyk into the system and méasured. 7 Measured events on the
COBWEB M44 output tape are processed through the programs MEDIT -
- SORT-TVGP-SQUAW. |
The program MEDIT is a modified version of the standard EREDIT
" program and performs the additidnal task of filling up a track bank with
beam and oufgoing track digitizations on the film plane, cailing the
SCORPIO program to reconstruct origins with errors in each view,
and storigg these origins on the PANAL output tape. TGVP has been
modified to accommodate these special origins in subroutines |
LSVERT and VTXCAL and to treat the large error ellipse properly

3. Selectlon of Final Data SamRIe

Slmultaneous with punching the COBWEB card, a post scan card is
punched for later use at the scan table where, with SIOUX print-out and
" ionization information, a slelective decision9 is made on the measured

event. Five decisions are possible:

7Measur1ng Instructions, TN-171
8Neutra1 Origin Reconstruction in Exp. 30, Appendlx 111
9Post:-scarn Instructions for Exp.-30, TN-177
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Physics Resolution flag (PR)

1. accept as an identified reaction, v
or reactions. 1000 = PR = 9900

2. accept as a free Ao or K° decay;
(o]

ete- pair or K2 decay _ 700 = PR = 709

~ 401 = PR =409
PR = 400 or
421 < PR =< 429

3. remeasure
4. reject

5. defer PR = 440

This deéision is mark-sensed o'ut the post scan card, along wifh
other remark’s and /or corrections to the event. These mark-sensed
- cards afe gang-punched with PANAL tape‘numbers, interpreted, and ‘
read into the master list during the routine weekly LEO-SORT-LIBRA
run. The master list is then matched with the various SIOUX tapes
in the progrém ARIES to select the events and write them on the DST,
which is immediately merged with the old DST to produce a new DST.
All e'\‘rentizms exisint on 't}\ie SIOUX tape are written ldntvci) the DST; all
: SQIjAW fits accommodated by the DST are stored on the event feéoi‘d. '

Those CPM!'s fifted by SQUAW and selected by the post-scanner

have a positive CPM nufnber in the starting io‘cation for that fit; all
~ other CPM's have a negative CPM number. | |

All events on the DST have a physics resolution flag which ivde'ntifiesl’
the dafa reduction status of that event record and which is c_ruéié.l. for
the seiection of a complete data sample while data reduction is stiil in

progress.

4. Data Flow of All Scanning and Measur.i'ng Information

The flow of all scan information is in Fig. I.2. Solid lines and
.enclosures denote actual scan information; dashed lines denote the

interface between scan information and measurement information.
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Special
EDIT
(LEO)

' A/I'ark Sensed
N \Post Scan Cards

3

Master List'

Updating Old
Program Master List
(LIBRA) ‘

Punched
COBWEB
Cards

Punched
Pos‘t—Scan
Cards

New Master

| I
i
TVGP- | /ARROW) [Post-Scanat) _ & L
SQUAWY \Tomtom/ ”\ Scan Tables / Nt
, ' b

| I
SI0UX :
== A Tape f T —— — —— ;t ARIES |— —

Figure 1.2 Data Flow of Scan Information in this Experiment.
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‘The triple execution LEO .- SORT - LIBRA performs the following

reductions of data: .

LEO: a)

b)

SORT: a)

LIBRA: a)

b)

d).

e)

The updating procedures are ve'ry complicated but essentially they per- -

EDITs the M44 tape, decodes the teletype input data, and
constructs event images:

reads in mark-sensed post scan cards, decodes mark
numbers and update commands for_ selection of SIOUX

TAPE.

~sorts event images by roll-frame.

updates old master list with new events from LEO.
punches out events called real at pre-’scan'for COBWEB
measurement.

punches out post-scan cards for later use at scan table.:
provision for ad hoc corrections to any event at either
input or output to LIBRA, e.g., to correct wrong roll
humbers, types of scan, etc. | |

chécks all ihcomi'ng ev'e‘nts for errors, such as incon-
sistencies in input information and al_lowéd ranges of vari-

ables.

form all the operations demanded by the pre-scanners or post scanners,

such as setting the physics resolution flag, accumﬁlating all the update,

comments, ranges, etc., for deposition onto the up dated event image.

LEO-SORT-LIBRA is typically run once a week, and, for an old

master list tape of 60,000 events and 2300 new events from the tele-

fypes, uses approximately 400 CP seconds, or about 700. accounting
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units (AU) of computer time on the 6600. These numbers are from the

update to ML.48, Log Book I, page 69.

The data flow of measurement information follows the conventional

reduction route, with the exception of a sorting of the PANAL tape after

the MEDIT execution:

ARROW Tomtom
Print-out for
Post Scan

FIGURE I.3 Data Flow of Measurement Information.

The DST selection process, the interaction of the master list with
the SIOUX tapes, is done in the program ARIES and can Be done on
each week's PANAL, or less frequently on multiple SIOUX tapes. - In
practice, we select 10 weeks of measurement in one computer run.

The program ARIES reads a SIOUX tape and a master list tape,
performs the following exchange of information, and writes out a

selected data summary tape and an updated master list. The following

transfers of information are made:
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SIOUX ML DST Location

(event type) : IET — D (5)
(PANAL type) JPNLID —=» IPNLID = —3» D (21)
(measure type) ' JDTMS — IDTMS

(SIOUX status) _ JSUST - ISUST — D (15) .
(remeasure numbers) IRNNO e .D'(4)
(PANAL ordinate) JORD - IORD — D (20)-

" (SIOUX version) JVERS - IVERS

(physics resolution flag) | IPHYSRS - D (14)
(accepted CPM!s) IMRKS  —» D (16)-D(19)

(all fitted CPM's)  All fitted marks » IFEX (14)

The flow diagram is:

Old summary

New.
{ summary
tape

Summary tape
on Disc file

New master
list _

FIGURE 1.4 Flow diagram

Master
JT.ist

The data flow diagram indicates that there is a cumulative, updated

summary tape each time ARIES is run. The CHAOS program is merely

to check that the newly made DST is complete.




UQ*\J i

P

3&{}'@5&,@3‘5

-149-

In summary, the primary functions are inter-related as in Fig. I.5.

"ITeletype scan)_
Information / XL

COBWEB Master list
measuring LIBRA

TVGP - [Event selection
SQUAW [— >L ARIES l'_——’. (DST)

FIGURE 1.5 Interrelationship of scanning and measuring information,

The master list is the main depository of i'nfc;rfnation and also con-
trols the dispbéition of measurement information. Such a centralized
system ha's strong merits: a single person is capable of monitoring the
progress of all aspects of the data reduction by just looking through the
LIBRA output each week; any (obvious) errors are vdeteActed within a
week or fwo of their origin; because all i‘nformafibn which leaves the
master list must at some time return, there is a continuous redundancy
checking on'''leaky buckets' of information in the system.

The remeasurement stages of a bubble chamber experiment can
be most troublesome if one does not have an understanding of the present
status of all events. In particular, the calculation of cross sections
while the experiment is in the midst of remeasurement can be most
difficult and tedious. For this reason primarily fhe. physics resolution
flag has been employed most thoroughly during these repeated inter—.

B actions of the master list with the SIOUX tapes.

The logic in these numbers is fairly simple if one bears in mind

that the physics resolution flag for a particular event is always mon-

otonically increasing as that event progresses through the data reduction
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- chain. Thus, scanned events -are initialized at ten times the origin
number, pre-scanned events are numbered in the 300's, post-scanned
events are numbered in the 400's if they are not to pfogresé further,

the 700's i‘f terminal free V° decays, and in the 1000's if accepted.

The units digit always counts the remeasurement number. For accepted
events, the tens digit counts the number of accepted marks for that
event.

Finally, events on the SIOUX tapes not selected by a post-scanner
(e.g. another measurement is preferentially accepted, post scan card
lost enroute to post-scan'ner,. etc,) are given the following physics
resolution flag on the summary tape record.

1. EOF on master list tape before EOF on SIOUX tape.

This cannot be.

2. Master list event has al-read.y selected a SIOUX eveht;

3. No match on master list for this SIOUX EVENT.

4. Attempted scan card number match failed.

5. Master list roll-frame 'numbér exceed SIOUX roll-frame. _

SIOUX tape r;rlust be unsorted.

6. No match on PANAL tépe number.

7. Marks sensed on card are not on the SIOUX recofd.

" These codes are further elﬁcidated in the appendix fo.llowi'n_g this note.
As an example of the strength of this scheme, Fig. 1.6 displays
~ the disposition of events during remeasurement. RN stands fqr re-

measurement number, and PR for physics resolution.
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1st : 2nd
Measure —»1 Post Scan}— 3 Remeasure PR = 401}y Measure
» RN -RN+1 '
RN =0
Ace’epted Deferred :ReJected Not selected
" PR - 700 (PR = 440)
or PR = 1010{ . A
= 1020
= 1030
2nd ’ ' /" Nth\
Measure - Post Scan p————m Remeasured 'PR =40 Measure
_ 1 RN RN +1
RN =1 ) '
Accepted Deferred rejected

=L

Post Scan L____) Remeasures.,( PR = 400+ RN‘
: RN - RN+ 1

"RN=N-1 } _
Accepted Deferred rejected

" v R,
PR = 700 +RN) (PR = 440)

or PR = 1010+RN PR = 420+RN
1020+RN -
1030+RN

1040+RN

[ I L T F I PR

FIGURE 1.6 Di_sposition of events during remeasurement.

After a sample of ~ 1000 2nd measure events had been processed

through the Post Scan, the fractions to paés along each channel were

Accepted ~2/3
Rejected /deferred ~ 0
Remeasured ~1/3

The convergence in RN is fairly rapid.
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5. Re czcling

This ekperime'nt intends to measure cross sections, and fo that
end all loopholes for cost events must be found.

Scans 1, 2. It was found that some events entered on the teletypes
never found their way to the master list. ~.Si'm:e the event frequency pex_"
frame is about (;.35 (for rolls 101-301) as special program SPY10 was
written which examines the master list for "frame gaps'", "unfinished
roils" , and "missing rolls." That is, we specify frame gap lvengths‘,
N,M (say, = 20 frames), and if in N frames we find no event, or if the
last event on a roll is not within M frames of 667 (the norﬁinal roll
length), we print out the rolls, frames, operétors_‘, and dates involved.

We trace down each computer-found gap by comparison with the
original teletype sheets. In the pasf, the vast majority have been found
to be real and due to several causes: M44 tape was bad or blank‘ron one
day; M44 tape for that day never read into the master list; roll, or‘ |
’partg of it, never scanned at all, etc. A careful list of these gaps is
‘made to be scanned or re-éntered as appropriate. Beginning in May
'. 1971, w.e ceased sqénning ‘for the most frequent event types, 6 and 7.

- This greatly reduces the usefulness of the above SPY pr'og_ra.r'n. Never-
theless, a very efficient search for lost events can be made by a |

- program intended for another purpose. 1 The program is a "conflict”.
program which compares one scan against another .t.o»deter_'rni‘ne _which
events were found in vcommon and which W'erg not. The program rn.ay'
be modified to‘chéck for when N or .m'ore events in a sequence have been
found one scan but not the other (for N = '4‘, say). In this way,‘ the con-

flict program can function as a lost event finder for re-scanned rolls

1'0Availab1e as a utility routine, Section 6.

11Sca;nn.ing Efficiencies in Appendix II.
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ohly, about 30% of the experiment.

Scans 3, 5. If a pre-scan event does not match and update a first
scan event, it is de-activated (IACTIVE = 39) and left in the master list.
The first scan eve'x'lt remains active in the master list. Events to be
pre-scanned may have been entered with incorrect ID information, or
may have been overlooked and never pre-scanned ét all. No matter
what the mechanism of loss is for a pre-scan event, a list of first
scan entries not yet updated can always be made from the master list,
and the pre-scan events can be re-cycled through the teletypes to try
either aéain or for the first time. There can be no lo.ss of pre-scan
events. Thi_s is called clean-up pre-scan.

Scans 4, 6. If an event pre-scanned as real on scan 3 or 5 does not

show up on a SIOUX tape it can be punched out again from the master
list for another try at measurement. This process can be repeated until
‘ .all events intended for measurement are actually measured.

In summa,ryv, let us note here one important fact: the data reduction
efficiency depends almost ehtirely on the efficiency of getting first scan
~events from the teletypes, off the M 44 tapes, to the master list. Sub-

' seqﬁent to this step, the data reduction is independent of loopholes for
event loss of human error (other than my own séftw.are errors in the
system). Oné can randomly skip pre-scan events, loose COBWEB

; cards intended for measurement, loose mark-senséd post scan cards,
or whatever, but in any case the first scan event imége is on the master
list and will nof be lost, and the eveht cannot escape being_reduced.

6. Usage of the Master List - Utility Routines

The master list was designed to be very accessible to analysis by
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fhose not familiar with every detail of its construct. We have written
compact "user routines' to be used with any master list tape, as
CHAOS is used with a summary tape. The data cards for filters and
tallies, lists, or plots are very simple, although only one set of filters
can be imposed at one execution. |
The possible operators are:
LIST or READ (decipher code numbers into E'ngii.sh)
FILTER
SELECT
- ANTI-SELECT
TALLY _
‘ COINCIDENCE TALLY  (double coincidence only)
PLOT
PUNCH

SPY

~ with one operation per daLta card; the objects of these operators are all
| 50 elements of the event image} vthe ranges or values of the objects
follow. A bla‘hk card stops the sét of filters and o._perations..
A list of words recognized by the coding is in Appendix A.8 in this
note.
These samples will illustrate the above. ‘
LIST,ACTIVE,REJECT, PHYSICS, MARKS, PCOMS
The list operation pfints out each event
(subject to the filter‘s), and below the event

the code number, and in English the meaning
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of the code. This particular example will
interpret the "active', ''reject", and
"physicist comment'" codes, and print out
the physics resolution flé.g and the accepted
marks for the event.
FILTER,ROLL, 101, 200
Accepts only roll numbers R, 101 SR = 200.
SELECT,ACTIVE,O0,50
SELECT,ET,17,31,32,37
S,ORIG, 3 »5
| Accepts ohly event types 17, 31, 32, 37, and
origins 3 and 5, vfor_ active ev.e'nts from first
scan (ACTIVE = ¢) and re-scan (ACTIVE = 5 ¢)
ANTI-SEL,PHYSRS, 330,400 '
AS,ET,30
Do_es not accept ("'anti-selects") any event with
physics resolution flag equai to 330 or 400;

does not accept event type 30,

TALLY,ET,17,314,32,37
T,O0ORIGIN, 3,5

Counts the number of each event type 17, 31,32,
37, and also the number of events originating on
scans 3 and 5.

COINCID,ET, 17,0RIGIN, 3
C,ET,17,0RIG,5

Counts the number of event type 17 originafing
ori_%\scans 3 and 5. Up to 100 tallies and coin-

~ cidence tallies can be made.
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P‘LOT v DATE,ROLL,ORIGIN,3
o Do a plot of. the date (abscissé) versus the roll
number (ordinate), labelling the points by fhe
origin flag, and make three (3) copies of the plot.
The point labels and the number of cobies are
optional parameters.
SPY, 50,70 |
Check the master listvfor missing events by
finding framé gaps of 50 frames or more with
no events, and unfinished fdlls with no event in
the last 70 frames of the nominal roll length
(667 frémes). The frame gaps 50 and 70 are
optional. Default values are 30 and 30
PUNCH,ET,3,9 A
Punch out (for COBWEB) allveve'nt types 3 and 9.
(Presumably subject to other filteré on roll
number, remeasure number, punch flat
(ICH=2), etc.)
Two addii:ional routines are intended for somewhat more specialiéed
access to the master list: |
| USE 3%: The program USE30 is to E.xp. 3¢ master list
as KIQWA is to SIOUX tapes, vi'n the sense that
each event image is unpacked into th.e_ readable
IDBLK common block array. The user then
does whatever FORTR_AN logic he wishes on

one pass through the master list tape. USE3#

v
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employs all the operations of SUPER as data
- card input to facilitate subset selection.
ADHOC: This program is intended to make ad hoc altera-
tions of a master li‘s:t tape (e.g. to correct roll
number, type of ,séan errors, etc., or to throw
a subset of events off the master list). Tﬁe
output tape is sorted by Roll-Frame and a new
master list tape is written.
APPENDIX‘IA. CODES
Index of codes given below:
| 1. Origin flag
2. Type-of-scan flag
3. Physics Res'olu_tion flag
4. Activation - déactivaition flag
5. Update flag
6. Reject codes
7. Operator numbers
8. SUPER vcode words
(For the sake of brevity, the codes 4 thréugh 8 are not included
in this appendix, but appear in TN-186, Trilling/Goldhaber
Internal '.I'.ech'nical Note.) - |
1. The origin ;fiavg (JORIG) on an event image status where the image
originated and can have the values: |
1 - first (primary) scan

2 - second (re-scan) scan
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3 - pre=scan of events found on first scan

4 - post-scan of events found on first scan

5 - pre-scan of events found on second scan
6»- post-scan of events found on second scan
7 - Irene Witkowski 07 scan near plate

8 - unused

9

training scan

2. The type of scan (ITYPSCN) can be 1 or 2 for active events, but
set equal to the origin flag for those images which \ipdaté an existing
image on the master list but are then de-activated immediately. -

3. The physics resolution flag (IPHYSRS) is i'nten_ded to be to the master
list data stf_earn what the SIOUX status word is to the measurement-
SIOUX data stream. The physics resolution flag is on both .the |
‘master list and the DST. As an event filters through.thevdata re-
duction process, the physics resolution flag is graduated mono-
tonically. At any point in the p-i'oce‘ssv, events of a particular
cétegory can be is_olated for any purpose, e. g- 'toﬂ measure, to .

list, to re-examine events in a particular reject category, etc.
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PR flag
T 10 event scanned at table; initialization is 10 origin
SCAN '
. of event image.
v 90 .)
T 300 event pre-scanned, not real.

301 ) event rejected at pre-scan: PR = 300 plus physicist

L comment
PRE-SCAN block number (1-14) which gives reason for rejection
314
- _
330 } event declared real at the pre-scan
‘r 400 } event rejected at post-scan (RF = 4 on card).
401
event remeasured at post-scan (RF = 3 on card);
409 PR = 400 + remeasure number
421 event rejected after remeasurement (RF =4 on card);
429 PR = 420 + remeasure number.

- POST-SCAN
440 } event deferred at post-scan (RF = 5 on card).
700 } event accepted as ET 6,7 (RF = 2 on card).

1010 event accepted (RF = 1 on card;

@ _ PR = 1000 + 10 - (number of accepted marks)
- 14049 + (remeasure number)

T 1 EOF on master list tape before EOF on SIOUX
' tape. This ca'nnot be.

2 Master list event has already selected a SIOUX
tape event.

3 .No match on master list for this SIOUX event.

4 Attel;npted scan card numbers match failed.
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\

Master list roll-frame number exceeds SIQUX
roll-frame. '

SIOUX tape must be unsorted.
No match on PANAL ta;;e number.

Marks sensed on card are not on the SIOUX record.
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 APPENDIX II. Scanning Efficiencies

In principle, the calibration of cross sectidﬁs’depends on eVery
detail of the data reduction system. In this éxperiment, such a system
exists,1 and is designed to be a total experiment reduction system moni-
toring every event from initial detection to final summary tape selection.
:Furthermore, the Master List tape contains both presént information and
‘-all past history for every event.

Therefore, it is natural to calculate scanning efficiency information,
"f at any point in the reduction process, directly ffbm the Master List

l_tape.
A program was written to conflict Scan 1 events against Scan 2
Y events atvanyrlevel in the reduction process, i.e.,‘at first scan, pre-
i scan, or post-scan, and to cqunt up, for each event type, the number -
found on Scaﬁ 1 ohly, on Scan 2 only, and in common;

From these numbers scanning efficiencies are readily calculated.

¥ Following the analysis of Fett? we choose variables

m, = no. of events found on scan i
mij = no. of events found in common on scans i,J
mJ = no. of events found on scan J.

: ;kaing the usual assumptions that each event has an Q_Eriori probability .
: of being found, that this probebility is constant for all events, scanners, .-
‘times of day,.etc., and that each scan is independent, we have an estimate

" for the efficiency, Ny of the jth scan
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~ m,
n, = —i . (II.1)
-J m, :
i
The distribution of this estimate. can be derived from an assumed binomial

distribution of m, (for fixed mi)

| mi! mij mi—mij
P(m, . |m, ) = — -n, (1 -n.) (I1.2)
ighi mij'(mi - mij)' J j

which has mean

and standard deviation

o(m,.) =/ mn.(1 -n, .
(m,) =V myn (1 = )
Then the standard deviation in the_estimatevﬁj, for m, constant, is

| o(m,,) (1 -mn,) |
o'(ﬁj) = __ziﬂ__ = \/T_]ﬂ______l_ (I1.3)

m.

i
in terms of the measured number mi and the a priori efficiency, 3
which we do not know. However, if the deviation of the estimate ﬁ.

from the true efficiency nj is a, then

ny - ﬁj =+ q .(II.ha)
where
n.(x -n,)
a = - —J——m—-‘j—- : (II.)-Fb)
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or, substituting (n, * a) for nj,

j |
et -h Fa) |
a=t/j — J . (II.he)

i | |

Then we get
(+1-20) £/ (1 - 20, - b(m, + 1), - LA,
o = J J J
‘ 2Tmi + 1) - >
(I1.4a)
so the true efficiency is
. (1 - 2n,) \/hmiﬁj(l - ﬁj) +1
= + + .
Ny =Ny = 2(m, +1) 7 2(mi+15 {
(I1.5)

entirely in terms of measured quantities, and where for large m, we

~obtain the efficiency

= . (1.6
ny =N, | ( )’
An.estimate of the true number of events is
~ m m.m, ’ ) .
N = HJ- = ;11—1 | (11.7)
J i

.which has an approximate distribution, from a complicated calculation

by Fett, with standard deviation



o(N) = /&

J . (11.8)

if m, and mj are large.

We have employed the above program to treat the grid coordinate as
the independent variable, and have so obtained measures of spatially-
dependent scanning efficiencies for the event types T, 17, and 30 as a
function of the 82-inch chamber y-coordinate (very ﬁearly the beam
direction). These afe displayed in Fig. II.1l. |

The need for such calculations naturally arose in our measurement
of the total Ap interaction cross section, described in Sec. III; in "
which the spatiai distributions of events are critical to that measure-
mgnt. Inconsistencies between the experimental and calculated A ~ pnT
and K¢ » wtn~ decay distributions led us, after many other estiﬁatioﬁs
éerformed and‘rejected, to seriously Question the possible spatial varia-
tion of a topological scan efficiency. We then calculated these efficiencies
from the.master list scan data. The data bases used in the displayé in

Fig. II.1 are the following3:

ET 7 ‘Scan 1 vs. scan 2 data; every tenth roll from 101 to 301.
ET 17, Scén'h vs. scan 5 and 6 data; all rolls from 101 to 301,

and 2250 fo 2637T. ' .
ET 30  Scan 3 vs. scan 5 data; all rolls from 101 to 301, and

2250 to 2637.

Furthermore, the following corrections were performed on the data:
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(a) ET 7 events with the scanner comment Sll (possiblele+e_ pair)
ﬁere removed from the sample so as not tb.underestimate the
scan efficiency'due to possible misidentificafion of e+é— pairs
by different scanners. This is measured to be a 10-15% effect
near the end of the chamber; and,

(b) ET 17 eveﬁts with the comments P91 to P97, or P194 (flare,
obscuration problems) were removed from the sample to avoid

| mismatches between @4 measurement failures-néér the plate or‘
the flare and pre-scanned #5 data.

In the case of kinematically identified states, such as A® - pn~

0 - :
K » n+ﬁ , the well-known lifetimes allow a precise calculation of the
' ':.spatial diétributions of these events from any sub-ensemble. Specifically,

~ we have chosen an ensemble of A + pm~ decays in the fiducial volume

FID 3: -20 < x(cm) < 20

-76 < y(cm) -66 - (11.9)

A

3

A

z (cm) 34,

A

~weighted each decay by the inverse of the probability to decay in FID 3,
and calculated the decay distribution throughout the chamber. The ratio

v‘ of the actual expérimental distribution to this caléulated distribution,

DST

‘n ", is shown in Fig. 2a. It was found to be insensitive to variationms

in FID 3, and also to variations in a lower momentum cutoff imposed be-

}:1;ween 0.25 and 1.0 GeV/c A momentum.

Qualitatively, Figs. la and 2a are similar, but differ in magnitude

' near the plate, the master list efficiency being the lafger, This dif-

jference can be accounted for by two effects: (a) large numbers of events
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missed by both scanners, and (b) a measuring inefficiency near the plate;
The measuring inefficiency, or failure'probability, was meésured for ET 7
events by taking the ratio of failed events (9000 < STATUS < 20000) to
.a11 events as a function of the master list grid coordinate. That distri-
bution is shown in Fig. 3a, and peaks near the plate, preéumably do to
obscuration by overlapping tracks.

We have performed two estimations of the magnitude of effect (a).
(1) A simple calculation is the following: let
P = probability of finding an event on scan 1 and scan 2

(o]

P; = probability of finding an event on scan 1 21 scan 2, not

both
P, = probability of finding an event on neither scan
P3 = probability of event failing measurement, . (11.10)

and
N1 = number of events found on one scan only
Ni2 = number of events found in common on scan 1 and scan 2

NT = true number of events in film,

~and where we have the constraint that
Po+ Py + Py +Pg=1. ' (I1.11)
By these definitions, we have
N = (Pp + 2L N | S (I1.12)
; 2_ T .

Ni2 = PoN,

and by the assumptions above on the first page of this note, the master
-

list efficiency is

ML _ Ny, _ _ Pg

(11.13)

P,
Py + L
*7
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This efficiency is displayed in Figs. la-c, d-f fbr éﬁent types 7, 17,
and 30. Further, for states such as A = pm and Ap - Ap, one can calcu-
late the spatial distribution of events from an assumed unbiased ensembie,.
compare this with the entire distribution, and defermine the efficiency

variation, or bias. For ET 7, A -+ p7~ decays inside FID 3, this DST

efficiency described above is
Po + (P1/2)
nDST = C (I1.14a)
(Po+P1+P3) :

. where the denominator is determined within FID 3, and the numerator has

FID 3

' _ P1/2 since events from only one scan were measured. Now, FID 3 was chosen

 so that P 2,0; then

Po + (P1/2)
ST e - (I1.14b)
(1-P3)pyp 3 |
where
(1-P3)prp 3 X 0.97 : o o (11.15)

" by inspection of Fig. 3a. Using (11), (13), and (14)

2
Py = [nDST M(1-Py) ) 4 — = D] - Ps .  (11.16)
ML
n

t”lzsubstituting bin-for-bin the values of n°°», n''’, and P3 from Figs. 1-3

f for ET 7 yields the probability distribution of P, displayed in Fig. 3b.

. (2) a special third scan was made of roll nos. 220, 250 near the plate

> awhere this effect is anticiéated.to be large. An egpert scanner was
ffiasked‘to lobk very caréfully, and so we dovnot.cléim these three scans

;}lare equivalent. The results are that, of at least 94 events in the first
f subgrid bin, 14 new events we found on this third scan, where on the i 

basis of the scan efficiency of Fig. la, a third scan should have found
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only 6 new events. However, the nature of this special third scan was

such that this random miss rate was very small; assuming it is negligible,

8
94
of the events were missed by both first and second scanners beyond the

e

8.5

o9

usual random miss rate. This is a lower limit, since fhe third scanner
may also have missed some additional events.

We conclude by noting that, in the first subgrid bin near the plate,
the probability that an event type 7 event will be missed by both scanners
is as least 0.085+0.030, and very 1ike1y as 1arge as 0.235%0. 040 (Fig. 3b)
This effect is surely due to visual obscuration of Vo decay topplogies
by outgoing tracks from K~ Pt'®5 interactions. This éffect is present
in bins farther downstream to a lesser extent, as seen in Fig. 3b, and

appears to be negligible near y » - 80 cm.
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Data reduction in Exp. 30, TN-186.
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The types of scan are numbered as follows:
1l and 2 Primary and re-scan (TN-167)
'3 and 5 Pre-scan of 1 and 2, respectively (TN-169)

4 and 6 Post-scan of 3 and 5, respectively (TN-177)
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APPENDIX ITA. Tabulation of Scanning Efficiencies,
Event Types 7, 17, 30. '

small y; near plate.

* ' ET 7 ET 17 ET 30 -
y(bin) m +An  -Ay n . +An  =A7 n +ANn  -AN

1 .749  +.016 -.017 .290 .057 -.051 .640 .089 ~.100
2 .870  .014 -.015 .692 .060 -.067 .857 .049 -.069
3 .851  .017 -.019 .647 .064 =-.069 .909 .035 -.053
4 .866  .015 -.017 .542 .070 -.070 .718 .066 =-.077
5 .907  .015 -.017 .714 .060 -.068 .919 .035 =-.057
6 .906  .016 -.019 .821 .060 -.083 .960 .025 ~.060
7 .895  .018 -.021 .757 .063 =-.077 .807 .047 ~-.057
8 .905  .021 -.026 .609 .095 -1.04 .816 .049 .06l
9 .895  .023 -.028 .833 .057 -.079 .857 .049 -.069
10 .898  .022 -.028 .742 .070 -.085 .818 .051 ~-.065
11 .871  .027 -.033 .783 .073 -.097 .963 .018 -.035
12 .891  .025 -.031 .810 .071 -.099 .931 .034 -.063
13 .888  .027 -.034 .857 .060 -.093 .909 .039 -.063
14 .853  .032 -.038 .765 .086 -.116 .891 .038 -.054
15

.882 - .031 -.039 .700 .091 -.110 .778 .061 -.076

Transformation from bin indices to SIOUX y-coordinates is, approximately,
y(cm) ~ -84.786 + 1.428 [y(bin)-1.] ,

i.e., the bin size is 1.428 cm.
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APPENDIX_IIA (continued)
small y;
near plate
TpsT "pst
» : (A > pr ) - (Ap = Ap)
- y(cm) n . 4n n +An  -An
 -85. 469 .025 469 .10 -.10
83, .684 .035 .870 .13 .15
-81. | .758 .038 .590 .13 -.13
=79, - .823  .045 841 .16 -.17
77, .863 .055 .990 .20 -.20
- =75, : .827 .058 .870 .12 . ~-.20
-73. | -.880 .060 990 .20 -.25
71, | . .897 .060 655 .25 -.25
- -69. o .950 .050 .682 .25 -.25
=67, | .930- .070 .910 .09 -.23
C o -65. | .808 .080 945 .06 -.28
63, o .949  .100° 750 .20 .25
_ ET 7 ET 7
y(em) P, AP, P, AP, |
8 | .235  .040 141 .020  ZeTerine B0
.83, 102 .040 .069 .010 and (16) in t
-81. 1 - .020 .045 .057 .o0l0 . teXte
R R , | -.004 .045 .048  .010
a7t . © -.065 .055 .059  .012
75, ~.013 .060 .039  .012
-7, -.055 .060 022 .010
caTl. ~ -.085 .060 .019  .010
. -69. f | -.100 .050 .036  .010
67, -.120 .070 024  .012
-65. | .005 .080 .037  .020
-63. .034  .020
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large y;
whole chamber
ET 7 ET 17 ET 30
y (cm) N *An  <An 7 ¥An -An  n  *An  -Bn
-8.05+5. .893 .006 -~.006 |.613 .027 -.,027 |.832 .022 -.024
-70.5 .926 .008 -.009 {.771 .031 -.034 }|.883 .018 ~.020
—60.5. .908 .012 -,014 }|.771 .036 -.041 |.872 .019 -.021
~50.5 .848 .022 -,024 |.863 .031 -.039 (.839 .021 -.024
=40.5 " .877 .024 -,027 |.849 .037 -.047 |.908 .018 -.022
—30;5 .884 .029 -.033 |.873 .036 -.048 |.860 .024 -.029
-20.5 .810 .031 -.035 |.794 .060 -.077 |.891 .021 -.025
-10.5 .789  .039 -.043 |.698 .065 -.074 | .854 .025 -.029
- .5 .850 .041 -.,046 |.660 .065 -.072 |.884 .024 -.029
9.5 .780 .046 ~,049 |.889 .047 -.075 |.885 .024 -.029
19.5 .870 .039 -,044 |.914 .037 -.060 |.889 .024 -.030
29.5 .860 .043 -,049 |.875 .047 -.070|.862 .029 -.035
39.5 .829 .044. -.051 |.944 .034 -.081 |.903 .024 -.032
49.5 .856 .050 -.056 |.800 .074 -.103 {.859 .034 -.042
59.5 .738 .063 -.068 |.786- .089 -.127 |.775 .046 -.053
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FIGURE II.1 Scanning efficiencies as a function of longi-
tudinal position in the bubble chamber, for event

types 7,17,

and 30. Figures (a)-(c) are in the forward

part of the chamber, near the plate,
-85.5 <=y(cm) < -62.0;
fiducial volume, -85.5 <y(cm) <+ 70.0.

figures (d)-(f) are for the whole

60
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FIGURE II.2 Scanning efficiencies calculated from the _
Data Summary Tape for the ensemble of free A>PW " decays
(), and for the ensemble of elastic scatters, Ap=> Ap, (b).



(a) TVGP-SQUAW Failure
Probability for ET 7

ool . . . 4 . —+_++ |
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(b) Probability that ET 7 is missed

v ' ' by both scanners, Pz, Equ. 16 . 4
02 : -

< Probability -

'-0.2“.'ll‘A...l....'a.';L.
~86 -80 -74 . —68 - 62

XBL 7311-1459

FIGURE II.3 (a) TVGP- SQUAW failure probability for event
type 7 as a function of longitudinal position near the _
plate. (b) Probability that an event type 7 is missed by

-~ both scanners, as a function of position. . Calculated
from equation 16 of this appendix. :
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APPENDIX III. Neﬁtral Origin Reconstruction.
'Conte'ntks: A. Algorithm for Finding Track Intersections.
B. Track Fitting. |
C. Vertex Reconstruction.
D. TVGP Results.

Appendix III.A Fiducial Referencing.

In the lower energy Aop experiment, 1 up to a A° momentum of
1200 MéV/c, it was found that the 1-constraint elastiq reaction
Aop - Aop was neérly completely kinematically unambiguous with
compéting topologies. At higher energies, A° momenta from 1 to 8
GeV/c, this is hot at all guaranteed to be the case.'2 Knéwledge of the
origin of the incident neutral inducing the reaction adds two more con-
straints to the kinematic solution. This note explains how wé have done

that.

A. Algorithm for findi'ng track intersections.

The program proceeds as below: In parenthese_s after each step is
noted the subroutine which performs the task. The main control routine
'is SCORPIO. | |
1 ’.(a) _Caléulate ‘trajectories ‘o,f all COBWEB measured tracks through

| _the platinum, tégether jyith multiplé'.s-cattering erro‘rs, every '
5. mm along the trajectéry; that ié, eirery 5.mm, store a
triplet (x,y,e), where e is normal to the trajecfory. (TRACK).
(b) f‘br .each beam track, find all outgoing tracks which are within

a distance of 400y (on film plane) of any point on the beam track.

These tracks are the candidates for an intersection. (NOMINAT)
1Kadyk, et al., NP B27, 13 (1971). -
2'Bassa.no, et al., PR 160, 12 39 (1967)
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(c) For each point on the beam track, calculatevt;he xz for a point
inte-r_séct'ion‘ of all outgoing tracks and the beam track. Calculate
the .(x,vy) location of the XZ minimum. If there is a clear XZ
minimum below our xz- tolerance, 1 per dégree of freeciom,
go to step (f). If there is a minimum above this XZ toierance, go
to (d). If‘ there are rhultiple minima, or. no clear. minimum, go
to step (e). (COARSE)

(d) Rerhove from consideration the greatest contributor té the xz,
then go to step (c), (TROUBLE)

(e) Subdivide the plate into nine (9) su‘t;-plates; and solire the above
problem individually for each sub-plate erhploying the existing
rhachinery of step (c). |

(f) Assume the )’(2 distribution is parabolic near its minimum, do
a least squares fit to a parabola, and calculate a standard devia-
tion in distance along the beam track such that t:he'x2 increases
by 1. Store the x,y location and errors for output onto PANAL
tape. (VERTEX, ERRORS)

v»_After the pfoblem in each view has beeh soived, we know which .outgoing

‘tb'racks fif to which beam tracks, and can mé.ke a‘ second pass ov.ei' the
:jp.'late' in which, for each beam track, we do not nominate as a candidate
'. : s.ny tracks which have sucvcessfully.r fit to any other beam track. This

18 a positive definite indproveme‘nt in the vertex finding efficiency.

B Track fitting. |

| In a coordi.nate system, such as the one below, and for tracks with

ﬁlomenfum predominantly along the y-axis, we can suitably parameteﬁze
the dependence of x upony as a linear function with some quadratic de-

viation,



FIGURE III .1

where the origin of the coordinate System is trahsléted to the first mea-
sured point of the track. Then for N measured points hypothesized to
lie on such a curve, we co-nstru\ct a XZ for these poi'hts and their errors
(Xi Y3 ,Ei) which is a function of a,b:

2

. N. a}.r byz . ‘
2 . . o P - . . .
C x(a,b) = E [—x‘——é—i——‘— (3.1)
i=1 = 1 )

In a least squares sense, the minimum in Xz(a,b) yields the best -

éstimates of a and b, and is obtained for a,b satisfying

N 2
2 (%,-ay.-by. )y,
. AT (3.2a)
2a 2
> €.
i=1 1
) N 2
2 (x.-ay.-by.)y.
ox ~ - 5 i i i’
55 > - =0 (3.2b)
: €, :
i=1 i
or
as,+b é = s
1 2 3 ' (3.3)
at,+bt, =t
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where 2
Yi
Si =2 _E— ti = S2
i
3 2\2
Yl Yi .
s2 = —3 t2=2 3 (3.4)
€. iy :
1 .
y v
Xi’i RA TS
s, = % t, = 2
3 6.2 3 6.2
i i
Then
a=(s,t, - s,t,)/D
| 372 723 (3.5)
. b = (s1t3 - s3ti)/D ,
~with ‘ S
D=s,t,- s, (3.6)

The momentum at the center of the track is given by

pe 1. [+@+29?3/?
R~ Z15]

: whefe y is some mean ‘'y-value on the track.

Each track so parameterized is given absolute 'refere‘nce to> the mea-
sured fidﬁcials in each view, 3 and its‘traje'ctory' éxt'rapolated through
the plate with a triplet (x,y,e) storea fo;' 20 points»i, such that the third - j'
point is jﬁst at the downstream edge of the plate, and the eighteenth |
poiht is just at the upstream édge. ‘The 8. cm length of the plate in the
beam direction spaces the points inside the plati':num by approximately |

5. mm.

3Se‘e Appendix III.A for details and constants used.
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The root—mean—sqﬁare muitiple scattering error perpendicular to

the track a distance L into the platinum is taken to be

0.015 L
AR = ; ith L = 0.31 em.
MS~ P(GevV/A)p y » W SpaAD
V3 Lpap
(3.7)

Typically, ‘a T-meson with momentum 1 .GeV/é and travérsing half the

piate has

ARMS = 0.1 cm,

C. Vertex reconstruction.

A vertex point is arrived at by a simple iteration near the chi- |
‘squared minimum for the point intersection of the beam track and all
candidate outgoing_.tracks." |

The chi-squared distribution along the beam track is searched for
a minimum, and three-point LLagrange interpolation is employed to
" locate the minimum to within typically 0.01 in chi-squared. For these
~calculated chi-squared points, Xi’ Xg' Xf1 , where Xg is the lbea’st',
and for h the abscissa separation between the three points, the chi-

squared distribution can be approximated4 by the function f(y),
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f(y0+ph)—"—‘P—gi +(1-pd)y + R, 2

) ' (3.8)
The location of the chi-squared minimum is found by differentiating and

- solving for p, so that 2" ‘ >
X_1 7 X4

4 _
P= 3 =2 72
(X_4 - 2Xg*X4yq)

(3.9)

.whencev the minimum is near (yo + ph), where Yo Was where Xg were
‘ evaluated.ﬂ ° | |

If the minimum.is greater than CHILIM (= 1;0) pér degree of
freedom, 5 the greatest contributor to the chi-squared is eliminated from
' consideration, and the search repeated. |

If there are multiple minima in chi-squared along the .bealx"n track,
‘the routine calls SUBURB which subdivide -the beam track into approxi-
‘matei;)r 1.0‘ cm. intervals, and solves the whole 'prbblem individually for
"-each interval using existing routines fo‘r each task. We can end up with
‘more than one vertex per beam track.

The monte carlo has indicated that whenever the Qrong vertex is
: _:_’fou'nd, it is always upstream of the corréct vertex location. This is

'ﬁ'easily understood when we consider that the multiple scattéring errors

.‘on a track, extrapolgted upstream through the plate é distance L,

3/2

. ‘increases as L It is much easier to be '"close'' to a track at the

'r'upstream end of the plate.

“.'-4Abramow1tz and Stegun, Handbook of Mathemat1ca1 Functions, Dover, -
pg. 879 (1965).
5

This constant can be va.r1ed externally
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D. TVGP Results

A sample of free A° and K(; decays were measured with beam tracks
and outgoing tracks (event type 97). Vertex points (x,y) with errors
(6X, 6y) found by SCORPIO were reconstructed in three dimensions by
TVGP, each vertex with a weight.matrix. |

(1/5 )% 0.
v 2

| 0. (1/6y) |
in each view. Improper treatment of the x,y,z three dimensipnal error
matrix for these TVGP reconstructed points was detected and cor-
rected7 in the subroutine LSVERT. Without correction, any attempt to
reconstruc.t neutral particle origins in this manner would haVé been
impossible.

SQUAW attempted 3-constraint fité, for all good 1-constraint A°,
K? decay fits, to these reconstructed origins. A series of distributions
of relevant fifted and spatial quantities are in Figé . I11.3 through III.8.

Firstly, the fitted X'Z distributions are (Fig. III.3) the 1C, in which
only the mass of the particle in the initial state is known, and all four-
vectors in the final state are measured; (Fig. III.4) the 3C, vi‘n which
only the magnitude of the momentum in the initial state is gnknown;
and (Fig. III.5) the 2C distributiop, defined to be the 3C minus the 1C
chi;squaf.ed. The most relevant is the 2C chi-squared distriBution,
which isolates the kinematics of the decay .from the 2-dimensional
directional constraints provided by k'no;vledge of the origin. The curve
superposed is a mafhematical chi—équared distr‘i‘bution for 2 constraints.

Note that nuclear scattering of the outgoing neutral particle will contribute

7Thanks to Dr. Frank Solmitz.
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to a long thin tail on the 2C chi-squared distribution which cannot be

removed.
Secondly, the 3-constraint pull quantities on the fitted dip and

-_ azimﬁth of the incident decaying neutral (fig. III.6), the proton or

pi-plus (Fig. III.7), and the pi-minus (Fig. III.S) are given in Figs. Hi.é
-.'_to IiI.8. |
| Thirdly, there are several distributions relating to the origin points
themselves. We begin with some definitions.

Coor_ds in SIOUX coordinate system:'

transverse to beam,

X
y = beam direction
Z = depth in chamber', paralax factor ~ 6.
Conneptin‘g neutral track (r‘econstruct'ed to origin point x,y,z, and
~event interaction point):

£ = length

Ad¢ = azimuth error
- AN = dip érror

Semi-major axes of TVGP three-dimensional error ellipse on
point (x,v, z):

AxZ LA
Ay = Al‘_
Az T LAN,
| In Fig. IIi.9, the y-error on reconstructed Lﬁz origins is approxi-
o mately a bubble-width ( ~ 0.5 mm) and checks that thé 'calculatio‘ns‘and |
| constants of Appendix III.A are roughly correct. A LH2 origin is any‘

vertex, or bubble, in the chamber, and is measured as single one'--poi'n'tv
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track in each:view with assigned errors Ax = 15.u, Ay = 30.p oa film
plane.

The A-error diétribution, Figs. III-10 and III.11, for points re- .
constructed inside the platinum, shows the width (Ax) = 0.4 mm expected
from the multiple scattering of a 12.0 GeV/c K™ in ~ 25 radiation lengths
of platinum (Fig. III.11). One disturbing feature is the presence of events
at Ax = 0.7 cm. This persists in the Ay and Az distributions, and will
be dis cuséed later.

The y-error distribution, Figs. III.12 and III.13 shows that most

Ay are less than 1 cm. The sharp structure at Ay = 2.5 cm is due to , ‘
origins points given the half-width of the plate (£ 4.0 cm) in all three

views. The structure at Ay ® 1.4 cm is related to the Ax = 0.7 cm

structure.

The z-error distribution, Fig. III.14 reflects the 82'" chamber paralax

factor of ~6. We expéct that, for a given ensemble of érigi'ns,
(Az)= 6 ({Ax). This is well-satisfied for the two dominant peaks in
Figs. III.11 and IiI.14 where (Ax)=0.03 cm and (Az) £ 0.19 cm.
| Figures III.15, 16, 17 display the %x,y, and z distributions of the
origin points, with the platinum plate denoted for reference. '

The quantizea st;‘ucture in the Ax, Ay, and Az distributions is : ’ ot
" believed to be due to lérge érfors assigned to film plane origin points
vv in 2 of 3 \./iews. For instance, suppose a good infersection is f‘ou.nd in

view 1I, but no origin is found in view 2. Then the éenter of the plate is

chosen as the y-coordinate in view 2 with an error

no origin found

Ay = 2640.p on film o - :
on beam track

= 4.0 cm in space
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Routinely, the y-error on any origin in View 3 is set to

Ay = 2200.y on film

£ 3.3 cm in space 1
_ v View '3 origins
Ax = 50,y on film

~

0.75 cm in space

TVGP combines these three views with differing errors and arrives

~ at a three-dimensional error illipse. Such origins as the above are not

very reliable in any case and should probably be ignored, or corrected

- for, in the analysis.
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APPENDIX IITA. Referencing reconstructed tracks to fiducials in each

view, First measured
o fiducial (FIDX,FIDY)
In each view (IW) we record 1('/ _
. . y
the constants in the figure at right: e~ :
| +x .
DFA (IW) -  XB (IW) FB FA
| —-’*—?u&. ¥ 1343

DFB (IW)  STEP (IW)

_l.A
+ B 4 C+
x-coord = XB

—_—— ]

and . EM (IW)

in units of microns on the film plane, where EM is the slope of the

plate in the x-y plane to one-half centimeter in space..

VIEW { _  VIEW 2 ~ VIEW 3
DFA 20907 20724 17982 p
'DFB 26228 n 26001 p. 23382
EM 0.0299 0.0313 © 0.0563
X | 350254 38000 | 37833
STEP | = 319.59 w/5cm 32383 u/gem  327.42 p./%cm

Then for beam tracks, th¢ distance from the dirst COBWEB measured
point (XO, YO) to the edge of the platinum in view IW is approximately-
YSHIFT = FIDY (1,IW,MM) - DFB (IW) - YO+ EM (IW) * (XO-XB(IW))
and for outgoing tracks. _ | | » .
: -YSHiFlT = FIDY (1,IW,MM) - DFA(I,W) - Yb+ EM(IW) * (XO - XB(IW))
Then _the first point of the platinum track bank (PTK (3,20,40)) is trans-

lated to b'e.

2.%*STEP (IW) - YSHIFT (for outgoing track)

<
1

<
11

YSHIFT - 2.*STEP (IW) . (for beam tracks)
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This is the same coordinate system to which COBWEB measured tracks
are normally referenced. The origin reconstru,ct_idn in program
SCORPIO is performed in this cbordinate system, and the vertex points
reconstructed in the platinum are subsequently translated back to the

-original COBWEB corrdinate éystem for output onto the PANAL tape.
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Figure III. 12 Distribution of reconstructed origin errors along the beam direction
(y-coordinate) for origins located in the platinum plate and the liquid hydrogen,
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errors in chamber depth for origins inside

the platinum plate,
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APPENDIX 1IV. Lorentz Invariant Phase Space.

The two- and three-body phase'space distributions in Sec; v
were calculated according to Ha’gedorni,‘ employing the recursion
relation stated by him. In Hagedorn! s notation, the four -momentum
of particies i=1...k out of ‘n pafticles (k < n), and the four-momen-

tum of the remaining (n - k) particles, are

_ 2 2
P = P; My = Py
i=1
m
_ 2 2
Pn-k - Z bpl n-k_ Pn-k
i =kH

The probability distribution of the mass M, is given by

k

R'n-k-i'l (P;M, e mn.) Rk(Pk;rn1 o mk)
R (Pom,.---m_)
n ,1 n

b

P(M)dM? =

where R is the phase space integral

' n ' n
. . - . 8 o 4 2— 2 4 -
Rn(P,_}'n1 mn) -f fz d’p, {S(pi mi) 6.(2 P P).
‘ i=1 ' ji=1

These integrals were evaluated using the program written by P, Yager.2

1R_. Hagedorn, Relativistic Kinematics, 1963, W.A. Benjamin,

2P. Yager, program HNREVIS, Feb. 1965, unpublished technical

note, Univ. of Calif, at Davis, Dept. of Physics.
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APPENDIX V. Analysis of Other Hyperon Physics in This
_ - Experiment,
In the course of the A experiment, we have also scanned the
film for topologies other than those restricted by Ap interactions.

With a view towards studying the following reactions:

= - Anm 5.1 (a) 5.1
Q° - AK’ - (e
- E:_wo (c) |
st - 2%p ()
Zp - Z'p (e)
=°p - AAT (£)
- AAEtr (g)
~ =fa (h)
O W (i)
~ A gt (i)
- =tz 4t ‘ (k)
- E-P’w+ S (1)

‘and possibly others, we have systematically scanned for the topolog1es
of Fig. V.1 in add1t1on to those in Fig, 3, Sect1on 1.

| The momentum distribution of 1898 ’-T-»A-rr decayé is dis-
played in Fig. V.2 and has not been corrected for decay losses inside
. the platlmum plate. The d1str1but10n cosine of the decay proton with
respect to the decay A direction fbr = —Amw decays is shown in Fig.

V.3. A non-isotropic distribution of this cosine reveals parity viola-

tion in the decay, where the distribution is described by
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Figure V.2, Laborat'ory momentum distribution of
= —An decays observed on this experiment.
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dN
d(cosb) « 1 +°A_°:~: cos 8 : 5.2

under the assumption that the = decays only vis S and P waves. Then

. 2ReS'P

= 2 ’
=" s |p)?
and a, is the corresponding parameter in A— px decay, ap= 0.647

* 0.013. Hence a non-zero g, measures a non-zero slope in the
cosine distribution, and this is equivalent to a non-zero contribution of
an S-wave amplitude in the decay. The initial state = has positive

parity, P_ = +1, and the final state An has p.arity

4

1§

(Pp=H+) (P_=-1) (-1)

A ( -1 (S-wave)

i
+1 (P-wave_)

hence S-wave decay violates parity conservation.

Figure V.4 displays the variation of a likelihood function for

the probability distribution 5.2

~ N
‘2;<¢ = 121 {1 +°’A°5‘ cos Gi}

whose maximum wvalue is obtained at

o = - 0.394 % 0.070.

~ -

No corrections have been applied to the data for this measurement.
The @ - AK~ decay is nearly completely unambiguous with
= - An decay, essentially because there is very little kinematic

overlapping of the decay kinematics as seen in the laboratory in Fig. V.5. 7
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The momentum distribution of 20 2 decays is shown in Fig. V.6.
The mean momenta of hyperons produced in this experiment are

given in Table V. 1.

Table V.1. Hyperon mean momenta,

(P) GeV/ec
A 2.2 '
z* - .
= 3.74
.2 : 4.78

Twenty-five (25) unambiguous '=°p interactions have been an-
alyzed, representiﬁg an inelastic cross section of 21 £+ 4 mb over the i
=% momentum range from 1.5 to 12 GeV/c. The above cross section ,
estimate was made assuming that the number of =° hyperons produced
is the same as the number of = hyperons in 12 GeV/c K~ -Platinum
nucleus cbllisions; the resultant '=° pathlength distribution is shown in

Fig. V.7. A rough binning of this distribution is

L_o (0-1.5 GeV/c) = 3.3X10> cm o

Lo (4.5-6 GeV/e)

46.5X103 cm _ o

21.0X10° cm. | I

L_o (6-12 GeV/c)

The =%p interactions observed are given in Table V. 2, where
the incident =° momentum is listed for each event; also, the SU(2)

corrected numbers of events in each channel and the corresponding o
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 Figure V.6. Momentum distribution of 2 decays observed
in this experiment,
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p interactions and cross sections,

Table V.2. =
. : ‘ Number
Reaction Number P_o values corrected ¢ (mb)
of - . by -
events : SU(Z)
= prt 5. Ak 209 T2 5 3.441.4
= "pri(nn 2 4.14, 3.36 2.0 1.2£0.9
AAxt 2 2.66, 2.02 3.0 1.9%1.1
AAr'(n®) 2 6.10, 8.87 3.0 1.9%1.1
AAwTotn 1 4,82 1.5 0.9£0.9
ast 3 3.43, 2.22, 8.7 4.0 2.5%1.5
Azt(@e) 3 5.74, 8.80, 2.47 6.0 3.7+2.2
Astaty 3 8.99, 3.98, 3.88 4.0 2.5%1.5
AZ ot 3 4.71, 3.87, 6.61 3.0 1.9%1.1
- et 4 4.49 2.0 1.2£0.9
25 33.5

21+ 4 mb
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cross section averaged over all momenta are gi‘vé'n. The SU(2) cor-
rections are for the visible A decay probability in both the inital =
flux observed and final state A decays, and undetected =t pr’ decays.
Distributing the incident Eo moméntum values, P,:o , and cal-
culating both a high and a low momentum inelastic cross section indi-
cates that this cross section indicates that this cross section is roughly
0

constant in &° momentum.

An examination of the reactions obtained in Table V. 2 indicates

" that, apart from reactions like

o
o

Tl
¥
Il

(=]

e}
o
e v

1l
|
I

0
™
0 +
k1

{
I
o]

2

our ensemble represents nearly the whole of the inelastic cross section
in the few GeV regién. We make this assertion on the basis of our Ap
data and nucleon-nucleon data in which the three- and four-pion produc-
tion cross sections are only 10-15 percent of the one- and two-pion pro-
duction cross sections.. In add_ition‘there are ﬁlany ';:andidates for the

reactions
' ='p - YK N + pions,
but this class is fotally ambiguous with the class
np—~ Y K N +pions,

since the K, K decays visibly as a K‘; - -rr+1r'_. "Indeed, the available

phase space for the former is only slightly larger than for the latter,

at the same momentum, and so we have assigned these events to the-
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np class since the n flux is much larger than the ,'»'_-:_0 flux. Further-

" more, in the Ap reactions we have found that the cross section for
Ap - K N N +pions

is negligibly small, and we have taken it so in the total cross section

measurement (Sec. III),

We may estimate that the missing channels =°p—=%pn’ and

0 p>x? n1r+ (with or without additional pions) have cross sections

Il

roughly equal to the first two listed in Table V., 2. Then an estimate

—

of the total inelastic =°p cross section'is

total »
E.‘op inelastic = 25+ .5 mb
cross section

i

from 1.5 to 12 GeV/c. .
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APPENDIX VI, Propagation of the K° amplitude through the
Platinum Plate, ' ,

The wave functions for K® and K° states are linear combinations

of states of definite lifetime, Ki and K°2,

A 10 s e
K® = - [K1+1K2]
K = 1 [K® -iK%]

5 21

Suppose the incident wave is represented as a mixture of K° and K°,

W= aK® +a K°. The propagation of this wave through a nuclear medium
1

can be described as an electromagnetic wave propagating through a

medium with a complex index of refraction, Thus the coefficients a,a

obey the differential equation

2o {Z“N A(0) +1 }ka = inka |
X RZ
"g-g'—=i{g—1l-l\-{j_k(0)+1}ka5ink;. I

Transforrning to the basis states Ki and Koz, including the weak inter-
action decay terms (a/7) for the states K‘; and 'K°2, and transforming

from spacev coordinavte x to laboratory time t, yields

a1=i[3ck{ (n—*z"—’-‘—)%- i(%r—l-)az}‘ (i +

21 Ja - .i
y‘r1 1 i

t_T Decay Terms

It alziﬁ‘ck.{v(__z—‘) -ai+_i (P_ég-) a, } - (1wz + 2—""“Y .72) a,
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where
[Sc = wvelocity of K° particle in laboratory -
t = laboratory time
4 = 2 + Bc 2 (total tii:ne derivative)
dt ot ox o
[3, Y = Lorentz transformation parameters
14 : . 2 2 22
w , = de Broglie frequencies: (h “ ) = (fhck) f(mh 2¢7)
7, » = proper lifetimes of K‘;‘ and K% states.

' inspec:tion of the differential equation indicates that the cross terms

linking 'o,1 and a, depend on the difference of the forWa.rd scattering

amplitudes of the K® and K° states, which is prbportional to (n-n). The

solution to the above equation is

[o,1(t)—' <a1(0)-Ra2(0)> -)\it [:_‘
= e
o, (0" 1 - R?
+< 0.2(0) - Rai(O) ) e-)\ZtI:R] .
_ 1 - R? 14

.As, R — 0, we have the vacuum solutions

-)\1t

a, (t) 0,1(0) e
-\, t
02(0) e 2 s

| Qz(t)

hence R essentially measures the amount of matter in the beam path.

: Changing to the K°, K° basis, we have
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a(t) | 4 <°1(°) i R“z(o’>e‘)‘1t 1+iK|
a(t)| ~NZ 1 - R® 1 -iR

1 -R2 R-1

'In this experiment, the initial conditions are

K°=0

KO

1
"

subsequent to a K~ collision in the platinum plate. Then

(0= L

, RN
=+,

a, 0

and the solution for amount of K° and K° amplitudes as a function of

time through the platinum is
] L 1_ 1R )\ tE +1];::|
2 Rz |
1 <i- M tI:R+]
iy
1 R

The physical quant1t1es in this express1on are

)\1=vw+A
“5 "*’1) A(;L-TL)-FZA
R = - Y 2y 2 1
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with

€
i

i L 2) - seriers]

;; %;[i(wi*/ ‘*2)_“ (_____] [lpckn n) i

The uni_ts"are defined by

whence

hc = 01973  GeV-Fermi = 0.624 GeV-mb'/?
= 6.58X107%5 GeV-sec.

Hence the units in this calculation are

. -1
t, 71’ 72_ L in GeV

w,A,w wzkaeV

R, n,’'n in 1.

The numerical solution to these equations is sh‘own' in Fig. VIA as a
function of the améﬁnt of Platinum traversed. The forward scattering
amplitudes wefe taken from Bohm, et al, , Nucl, Phys. 27B, 594 (1958).
The K° and K° probabilities are shown vivn_side the plé.tinum plate,
Fig. V1.2 and throughout the; liquid hydrogen, Fig. VI.3. Averaging

the distributions of Fig. VI.2 over the K- interaction spatial distribu-

" tion inside the platinum (~ e_}78.0crh) implies that the regenerated K°

probability is roughly

, 2
|aly = 8.0 cm)| = 0.03,
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Figure VI,1, Spatial dependence of the complex amplitudes
involved in the kaon propagation problem.
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Figure VI.2.
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1

hydrogen originating from a nuclear interaction producing a K° is

and hence that the probability that a K,° — 1r+7r- decay in the liquid

~ 2~
|_<; (y = 8.0 cm)' = 0.97.

This number has been used to renormalize the K° amplitude in the cal-

culation of the total cross section in Sec. III,

! Ken M. Case, Phys. Rev. 103, 1449 (1956).
M. L. Good, Phys. Rev. 106, 591 (1957).
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APPENDIX VII. SU(3) Isoscalar Factors; U-Spin and Quark Model
Calculations. .
This appendix is included to facilitate the checking of the asser-
tions made in Section VI, |
A table of SU(3) isoscalar factors first given by J J. de Swart
in Rev. Mod. Phys. 35, 916 (1963) and printed in Rev. of Mod. Phys.
| 45, 1 (1973) is =reproduced as Fig, VII. 1.
Although all SU(3) relationships can be calculated from the
‘above tables, it is somvetimes convenient instead to employ U-spin in-
variance, which is complefely equivalent to unbroken SU(3). The ad-
- vantage is the relative simpli;:ity of the Clebsch-Gordon éoefficien_ts
.. over the SU(3) coefficients. The U-spin multipleté in SU(3) are ob-
tained by a clockwise rotation of the SU(3) weight through 120°, The
| weight diagram is symmetric under the rotation, and the resultant U-
e spin str'uctqreris such that conservation of U-spin, when treated in the
| same way as conservation of isotopic spin, is equivalent to unbroken
SU(3). The U-spin multiplets for the JP = 1/Z+ baryon, 0  meson, 1
“ meson octets, a_nd the 3/2+ bar'yonb\decuplet., are given in Fig. VIL 2.
" A table of Clebsch-Gordon coefficients is given in Fig. VIL 3.
i Thle analogy with I-spin can be made more clear by ndting that
' the rotation which interchanges p— nis on I-spin rotation; that which
f"‘";intebrchanges n <« \ is U-sﬁih; and that which intérchanges p<\is V-

. spin.
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SU(3) ISOSCALAR FACTORS

8} @ (8] = {27] © [10] ® 10°) ® (8], @ (8], @ {1).

Five single-coefficient tables are omitted. The one involving a {‘0.} has

a negative coefficient, i.s. (NKIIO‘) = -1. The others, involving {27 and
| : : :
o__L.» Y =1 1-1/2 N——-——'>Y-l 1-3/2A {lﬂ},-are all +1.
- ¥ - :
4 iy d 8 ¢ ¥ 10
Nn V5/10  3.5/10 172 -1/2 N 2 2
, K | =v5/10 -3/5/10 172 -172 IK ﬁ/z ﬁ/z
. Nn | 3VB/710 - —-/5/10 172 172
Multiplicity of 27; AR | 3v5A10  -V5/10 -1/2 -1/2
e=i, X=2,0-3
> y.01-0 A > V=0 I=1 b _
- rem
£~ z7 §D } [ ¢y ?}7 gD 51-‘ 10 10
NR \/'5/10 V10/10 1/2 P NR | VB/s  -30/10  B8/6 -6/6  B/6
ZK | -v15/10 -V10/10 -1/2 ﬁ/z = v5/5 \/TO/xo -v68/6  B/6 -ﬁ/ti
= 3%’223 - \‘/2’2 ﬁ/z : n \/56910 \/ /5 \/60 ‘/?53 Vi
" / = v/ / A |/30/10 V/5/5 0 -1/2 -1/2
l o d
> Ye-1l I=1/2 OB — >y -1 I=3/2 ‘
€1 {’ QD EF 10 51" '57 10* The phase factor £y = 1, from de Swart's
Ew - V8710 _3\/5/10 1/2 1/2 p Table I, enters in his symmetry formula (14, 3):
Liadw AW 1 i Vi VAR il i) = 62 |
AR _3\6/10 /10 12 -172 Hakal ¥ 1 CE U

This factor is irrelevant if you are doing your own
self-consistent calculations; it enters when you
try to check somecone elsc who chose k2 Qk4
instead of py Rz .

{10} @ {81 = [35) @ {27] & {10} & (8].

* Four single coefficient tables are omitted; only the {27} is -1; the three with {35} are 41, -

> Y =1 t-i/zN' - > ye1 1=3/2 A ,
€ z § 4 3 z 10
N - _ an 1/4 -5/4 /4
z::< -2 ;g 2‘,}55;2 an \)6/4, ‘/§/4 vZ/4
K /4 —/2/4 - 172
> y-'o'l-oA ——p Y =0 Jel 2 ———ernreeeepr Y @ ) ] =2
€~ 2T 8 | £, 35 27 10 8 v - 7ad 35 27
In —JT)/5 - VIB/5 zr| V3e 3,80 vfm - V3OS s ” -
=K Vi3/5 v10/5 -In | V212 : %5/5 A‘é f/fg %2/2
=K | 373 /5 - /18 -
: AR 3/ /10 /15| .
Y= -1 I=1/2 5 ———> Y e -1 [=3/2
a 10 § el B R
~7V5/20  VEi4 ~/5/8 '
3 - x| V22 -V2/2
_SRB -2 V}/ﬁfﬁg R| VA2 V32
/10 Vv2/2  /B/5 y

———1__—.1'--2 1=0 Y = -2 15:

- : £~ 35 10 - -
Multiplicity of 35; 1 ¥ p L 35 27
an V212 =22 an’ _
esl,X=2 =R 2 in B =R %ﬂ l\;;.i/z

Figure VII .1,
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS

[
[

Note: A < is to be understood over every coefficient; e.g., for -8/15 read -V8/15, Notation:

Yo'\/‘i_ cos @ : m M, ]
1 TN & .

i [3__ ' i +5/2 572 3/2 m, m, Coefficients
e S1/2|1/2 1/ Yy ==Jg; sinfe 2 1/2] 1 prze3se
21/2 -1/ +2 -1/211/5 a/sf 5/2 3/2
o i/l \ +141/2l4/5 -1/s5p+1/2 +1/2
2, 1
Y =\/ (— cos™0- - | +y -1/21 2/5 3/5Q 5/2 3/2
2 N2 2! 0+172) 375 25k /2172
3/2 1/2 ) 0-1/2[ 3/5 2/5f 5/2 3/&I
nZg ‘1;: v, :_/ 5 sincos0e'? c1 el 25 -3/54-3/2 -3/2
Yk A AL AR = AN B
2/3-1/3k1/2 -1/2 ; = - . =2 -
/ l/ / / _ Y22= %\/_é; SinZGeZI‘P +3/2 +1/2] 1§+1  +1 172 1
?' 72 2/3 1/ 4 3/2 +3/2 -1/21/4 3/42 1 .
puen B-1 +1/2] 1/3-2/34-3/2 . ;
2 x I 3 572 +1/2 +1/213/4 -1/440 . 0
-1 -1/2] 1 x
N L-—/Lj 3/2 ‘ +5/2 +1/2 -1/201/2 1/ 2 1
2 - —§ 5/2 3/2 nyzhizz -
L2l afe +2 P BT -1/2 ARVL
+2 0[1/3 2/3F 3 2 1 +3/2 0| 2/5 3/s5] 5/2 3/2 1/2 -1/2 -1/2)3/4 1/ -2
) +1 ¢112/3 -1/30 +1  +1 4] +1/2 +1} 3/5 -2/sp1/2 +1/2 +1/2 -3/2 +1/2|1/4 -3/44-2
+2 -1[1/15 1/3 3/5 +3/2 -1f1/10 2/5 1/2 -3/2-1/2_1I
] x l +§ J+1 0[8/15 1/6 -3/10f 3 2 1 +1/2 ol3/s 1715 -1/3f s5/2 3/2 1/2 _
m— 2 1 0+116/15-1/2 1/i00 0 0 -1/2 +1]3/10 -8/15 1/6f-1/2 -1/2 -1/2
" '
L ] LT . SNt -1|1/5 1/2 3/10 Y1)z -13/10 8/15 1/6
4+1 ofr/2- /22 1 0 0 of3/s o -2/5% 3 2 1 -1/2 o3/5 -1/15 1/3f 5/2 3/2
0+1l1/2 -1/200 0 0 -1 +141/5-1/2 3/10f -1 -1 -1 -3/2 +1§1/10 -2/5 1/2]-3/2 -3/2
+1-11/6 1/2 1/3 0 -1{6/15 1/2 1/10] ‘ -1/2 -1 3/5 2/5
o olz/3 0o -1/3f 2 1 -1 0{8/15-1/6 -3/10f 3 2 -3/2 o) 2/5 .3/54-5/2
-1+i/6-1/2 1/3 -1 - -2 +i{1/15-1/3 3/5 -2 -2 I_3:Z_l 1
——
o-11/2 1/ 2 -1 -1z2/3 1/ 3I
Yl-m:(_“mY;n* -1 of1/2 -1/242 ’ -2 0/1/3-2/34-3 (jijzrr|1m:|j1jZJM)
-1 -111 |-z-1| xl IR
< (-1) 1 Z(j2j1mzm1|jzj1JM

Figure VII, 3,
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|K'p) =

1
N2

A
N2

|1o>+\/—1§ |0 0y

10

1

) 00

Varmus state vectors of interest in U-spin space are listed

below. The notation is |U U3>

" Lambda-nucleon initial state:

' + oyt

P 1

J ("2'-'
3t
<E"

31 11
Iz - 133)-

W

o=~

N~

] L]

1
|ap) = =
N2
Lambda -nucleon final states:
lstates
' 0 _ 4,3
.Y<Z pl = J6<-2—
+ _ 1.3
(Fal = (3
Wt .
|states
_J2 ,3
<1385pl'~]§<i
+ 13
(21385nl‘,~g-<2
‘ + - M1 ,3
(A u@(i
(78| =

ARCICI IO

[+ <%%
- (44
(2
RRCNES

VII. 1

VIIL .2a

2b

Vil.3a
3b
_3cv |
v3d

3e
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<%+%+ lstates:
(Z13852" | :&7%&%“«]%(%%' | VL4a
<21‘385A++.| = (35 4b
(Zags 8 | =05 G 31- 05 (551 sc
Nucleon-nucleon initial state:
npY= |31) VIL5a
lpp )= |11) : 55
Nucleon—nucleon final states:
(%—+ %+ | states:
(@8 = (33 ViLé6a
(@at = (33 | 6b
<%+ %-I- | states
(na" | = <%%] | VII.7a
& = (32| Ly
(nat = (11 B  ViLsa
@& |- (1t - o
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+ - . - .
Let a3/2, ai/Z’ and a, denote the U-spin matrix elements:

_ 3 3
a3/2 = (793 IE ug ) VII.9a
S TRRTUNSY
ai/Z = (39 !2 uj ) 9b
a, = (1u3|1'u3>. 9c
Then amplitudes of interest are
o+
JP (% %— ;'sta_tes:
PA L\ _ 1 - ‘
_(APVIAP> - '2'33/2 + 31/2 | VII.10a
=%p [Ap) . = —a,,~- —a =ﬁ,_2n|Ap) 10b
( ) N2 3/2 NT '1/2 2<
+,+ ‘ 4 -
(% % |states: v
=9 p'A y = ﬁa +ﬁa 10c
(Zy3g5P AP 3232143 21
ot _h 2 ‘
(Zy3gs2l0p) = «E%/z - «Eai/z - 1od
(AA+IAp) = Lo 4 a 10e
2 93/2 1/2
- H o ’
(Z°A7|Ap) = - Ay 10f
- (=% |Ap) :ﬁa -ﬁa 10g
A P 6 23/2 N3 212 _
S . .
(% % Istaf:es-:
o 2|A ):ﬁa -Jza 10h
(Zy385 S 14P) =g 232 W3 2102 -
- _f .
(Z13858 [2P) = «I/;a3/2 : 1ol
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The amplitudes involving the neutron are simpler since the neutron is

a pure U-spin state. Some are

+

<%+% I states:
(np|np) = a3/ o VII.11a
(pplpP) = a, | 11b
<%+—;-+I states:
(& |npy = 23/ M1c
(35+%+l states:
| v,<A°A+| np) = azp 11d
(& A |np) = a3z - o | 11e

The relatio_ilships presented by Kaiser (our equations 69 a-d) can be

obtained from VII; 10a-h and VII, 11a-e.

- The quark model relaﬁonship
O'T<Ap) = QT(pp) + O’T(K Q) - qT(w p) VII. 12
may be obtained in the following manner. Let the quarks be labelled
p, n, \; let, for example, ""pn'' denote the amplitude for scattering of
é1

a "p'"and an '"n!" quark. Then the additive quark model simplyasserts

| that the amplitude for the scattering of two physicai particles is the

‘ v "o
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sum of all quark-quark amplitudes obtained by combination. Thus the

physical states are

P ¥ p
Proton =(p) r =

n
. - p ) _ )\1 .
' Neutron=( ) K ={— VIii.14
) n P‘ -
4P
Lambda=(n)
A

-and the particle-particle amplitudes are

A(pp) = {4 pp +4n p +nn} VIL.15a
| = {5 pp +4np}, by charge syrmnetry.‘
A(Tr+p) = {2pp +2np +pn +nn} = 15b
A(K'n) = {2\n+\p +pp.+2pn) | 15¢
= {3\p+nn +2np}, by charge symmetry .
and
A(Ap) = {2pp+3pn+2\p +nn+in} 154
= {3pp +3pn +3\p}, by charge symmetry
.hence | ‘
A(pp) + A(K n) - A(r'p) = {3pp+3np+3\p)  VIL16
= A(Ap).

"“The, optical theorem states that the imaginary part of the above relation-
‘ship. evaluated at zero scattering angle is proportional to the total cross
;-.section (at the same center of mass momentum), and so VII.13 is ob-
tained. Another relationship, _and a possibly more useful one, is ob;

tained by making a rotation in isospin space; then
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A(np) +A(K'p) - A(wm) = {3pp +3np +3\p} | VIL17a

A(A p)

and hence by the optical theorem

o (Ap) = dT(np) +01;(K'p) - o n'n).
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APPENDIX VIII. Details of the Total Cross Section Calculation.

1. A and K{ Decay Distributions.

The scanning efficiency calculated from the master list scan
data,39 alone is shown in Figs. II.1(a, b) of APPENDIX II over two re-
~ gions in the chambe.r; from ~-86.‘0 to -66.0 cm in 1.4-cm bins and from
-86.0 to + 70.0 cm in 10, ~cm bins, respectively. The calculation as-
sumes that events are randomly missed on either scan. This efficiency
.‘ - fails to describe the observed decay distributions of either A— pw or
’K1o - decays. However, from the known A° and Kg mean life-
o times, one can é.lso calculate a sc;nning efficiency from the data
summary . tape (DST) as follows: in Fig. VIII. 1, define a fidﬁcial vol-
_v._"_ume40 (FIDS) sufficiently far from the plate such that scanning losses
.due‘ to visual obscuration are small, Then for all decays inside FID3

with decay lengths )\i , assuming they came from the plate, form the
sum
f'Y/xi
dy A

calc. e
dN, =Z - = )
(Y) Y1/)‘i e YZ/)\]'.] )\i °

i e )

Seure

where the y.cooxdinate is along the line-
of-flight of the V®. The ratio of the ex-

. perimental decay distribution to this

—— X
: o,
o
, W
————_F——

‘calculated distribution.is a measure of

wt

{
the scanning efficiency, o S Yr

Fig. VIII.1
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a Ne*Pt 1(v)/d'y ’
an“¢(y)/ay

CMpgdy) =

shown in Fig. II. 2(a). This efficiency is guaranteed to make the exper-
imental and calculated distributions agree. Two corrections to this ef-
ficiency must be applied; A from the decay =° —>A-r_r° and A, K1° pro-

duced in the LH, are sources of non-plate produced V° particles inval-

2
idating to a small degree one assumption of the above calculation. The
number of = - Aw decays (No), and the A decay distribution is charac-

terized by a spatial distribution of the form

MM
'Y/XA 'Y[ ‘XH)\ ]
ﬂ(A decays/cm) = N S——|{e =A -1
dy o )\,_:-XA
~. N.o _Y/)\A for ( >>.)\')
: -2 5 ~e , for Dy>> A ):
>‘K AMo

where \_ and )‘A are typical mean decay lengths of measured =

ot

particles and their A from sﬁbseque__nt decay.

A and K1° decays believed by the scanner to have been produced

in the LH2 are identified as such, and the spatial distribution of these

decays, Figs. 17‘(a, b), shows the eﬁcpected dependence for A decays of
' Aot N

Lkt
: N, 0, 1 : A
-g—N-(A decays/cm) = KAol, . "k A
dy )\K+ )\A

where )“K and )‘A are the mean K and produced -A mean decay lengths,

NK the number of K~ beam particles exiting from the plate, oA the A~

production cross section in K p collisions, and N the LH-Z. target density.
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Thé subtraction of the LHZ-produced and Eof-produced A in
FID3 affects .the calculated efficiency, which in turn modifies the decay
population inside FID3, Consequgntl'y, an iterative procedure was used
to arrive at the final ET 7 scanning efficiency. The result of these iter-
ations aré given in Table VIII.1.

The difference of the experimental and the above calculated de-
cay distributions for A> pw and Ki0 - 1'r+'rr- are shown in Fig. 18(a, b)
throughout the entire fiducial volume. There is not an exact.cancella-

tion near the plate since Table VIII.1 was determined from an earlier,

: smaller‘sample of data,

Table VIII.1. Iterative calculation of the A° ET 7 scanning efficiency.

, y bin Oth 1s 2nd Iteration
-86. to -84, .448 467  .469
-84, -82, .677 682 684
-82, -80 741 756 .758
-80. -78. .831 ' .821 .823
- -78, -76.  .853 .862 .863
-76. -74,  .860 .827 827
- 74, -72,  .918 .880 .880
.72, =70, .940  .898  .897
-70.,  -68. 1.142  1.113  1.112
-68, 66,  .792 773 772
-66. -64.  .925 .809  .808

-64, -62,  .925 .951  .949
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2. Flux Calcplations.

The selection criteria used for both the A and the K° flux are
(i) Decay fiducial volume; A— pr and K1° - decay
points must be inside FID1, defined to be:
FID1: -20.0 < (cm) < +20
-86.0 < (cm)’s +70

+ 3.0 < (cm) < +34
(ii) Lambda identify if mark 1 (1c A - pw fit) is successful,
(x? < 12, confidence level > 0.001).

(iii) K10 idéntity if mark 2 (>1-constraint K1° - 'n'+1'r- fit) is suc-

cessful, and mark 1 not successful.
(i'y) Well-defined pathlength sample. A, K1o decay used only
if measured on a pathlength roll, i.e., ' :
Roll numbers ending in 0 for 101 <Roll <301

Roll numbers ending in 8 for 2001 <Roll €2637.

The number of measured A, Ki0 on these rolls is a known fraction of

the total in the film, f, = 0.0667.

3. Hyperon Event Counts.

A hyperon event is defined to be an event type 17, 31, 32, or 37,
lying inside the fiducial volume FID1, with a final state V° or charged
decay accepted by the post é;canner32 as _

ET 17,37/Mark 10 (3-constraint A— pw_ decay)

ET 31,32 /Any mark with a =* decay. |
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. Each such hyperon is weighted by the inverse of the following detection
probabilities; scanning efficiency, hyperon escape probabiiit'y from the
fid.ucial' volume FID1, SU(2) branching frac_:tions to undetected final
states, and a prong efficiency to account for unanalyzed multiprong neu-

tral interactions. In detail these are:

(i) scanning efficiency: the spatial dependence of tlblev scannifxg
efficiency for event types 17 and 30 are shown in Figs. H.i(b;c) and
v H.i(e—f) in Appendix H.” The event type 37 efficiency is taken to be the
probability of observing an event type 30 and an event bty'pe 7 one mean
decay length (\) downstream. The ET 31, 32 efficiencies are separated
into two parts: the three-prong efficiency which we measure accurately )
. from the numerous three-prong type 30 events and the charged decay
‘prong efficiencies which we measure from the center-of-mass decay
5§ angﬁlar and proper lifetime distributions of Zi deca)}s. The latter
:efficiencies are 0.94 and 0.95 for =tand = respectively.‘

(ii) .prong efficiencies: §ve have measured only one-prong and
.i:ithree-prong recoil neutral interactions; of course, all other o‘dd-prongs
_allowed by energy conservation are possible in Ap and I_(op collisions.

}To corfect for these unmeasured events, we have calculated from the
: pre-scanned events on the master list (ML. 91) the. rétio of 'f'ive-'prong.
: ‘.:‘:to three-prong populaﬁoﬁs for positive, negative, and V? decay topo- ‘.

| logies,
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N(ET 51)
N(ET 31)

N(ET 52) _ _
NéET'32) =0.151 = rg,
N(ET 57) _ _
NET 37) - 0-118 = rg0

and have then weighted each three-prong event by the inverse of the

= 0.180

Tsq

appropriate prong efficiency,

1
P = = 0.848
51 1+ r51
P, = Hi - 0.868
Ts2
P, = 1+1 - 0.895,
I’57 .

We have neglecfed seven-prong events; which contributed less than 1%
of the data.

(iii) Hyperon escape probability from FID1. For a hyperon of
mean life 7, momentum p, and having a potential flight path from its
production to the edge of the fiducial volume, £, the probability that the

hyperon will decay inside the fiducial volume before exiting is

P=1-e_£/)\,)\=-Rc7.
m
1

(iv) SU(2) branching ratios to undetected final states,
a) A- nq® decays. We weight each A— pm decay by

BR(A~ pn')'1 = (.642)_'1,'
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b) st pr® decays. We weight each unambig_uouszdl-—» pm°
decay by 0, each unambiguous =t n'n-+ decay by
BR(Z+—> n_1r+)“1 = (.484)__.1, and each ambiguous

_Z+—> p-n-o/nﬂ'+ decay by 1.

c) Ap — sth. We weight each unambiguous Ap—~Z°p event

by
1 1 1 2 44 11, >
o(Ap~2*n) +0(Ap—>Zp) _ l(z3l 113 -] +ii5 311053
Ap—2° 11,, 11 ,°
7{ip=Z7p) (3511055

d) Ap-— Z+n1r° . We weight each unambiguous reaction
Ap -~ 2+p1r- by the factor 2 somewhat arbitrarily to

account for undetected Z)+n1r° final states.

" .4, Calculation of the Error o(y;) on the Hyperon Discrepancy
) "Distribution.

The error dEi in each bin A has a statistical contribution from
the event counts in that bin and a systematic error from the scanning
_efficiency, which are independent, Approximating the number of hyper-

~ons as a weight times the number of observed hyperons

. ‘where W, is some mean weight for all events in the bin y;- Then

dE.% = (w,aN,)? + (aw. N,)%
1 1 1 ’ 1 1
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where w, is essentially the inverse mean scanning efficiency fo; event
types 17, 31, 32, and 37.

The error on the calculated numb.er of hyperons, Ci" has three
parts:

(i) error from A flux;

(ii) error from K° flux produced in the LH,; and

(iii)‘ error from the K° flux produced in the plé,tinum plate,

In turn, these are
\
(i) The number of hyperons produced by Ap interactions can be
approximated by some mean weight times the number of A decays,

NY = WNdec'

The welght W 1nvolves the denS1’cy of LHZ’ the branch1ng ratio
”BR(A—> pm ), escape correction weights, and the inverse scanning ef-

ficiency for A decays. The error in the we1ght is dom1nated by the un-

_ certainty in the scanning efficiency, and taking w to be the inverse scan-

ning efficiency,

(ii) The error on the number of hyperons produced in K° p inter-
actions, where the K° was produced in the LHZ’ can be treated in the

~ same way as above, subject to the assumption the K10 decay distribution

is the same as the K'p interaction distribution in the LHZ' Then
dN 2 _ N 2[ 1 + ( dw)Z]
Y ° N w’
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where the weight w is the inverse scanning efficiency for Ki0 decays.

(iii) The error on the number of hyperons produced by K° from

the platinum plate may againbbe obtained by taking

; = w N ,
calc exp

but the Weight W must be taken to be the same as the weight for Ap

interactions in (i) above. Then

2 2 - . aw 2
chalc = Ncalc [N : *+( —) I
v calc w

The total error on the calculated number of hypebrons is the sum in -

quadrature 'Qf the errors in (i)-(iii) above.
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APPENDIX IX. Tables of cross sections,

(a). The elastic cross section, Ap—- Ap.

In 100 MeV/c bins from 300 MeV/c In bins of equal incident A path-

to 2500 MeV/c. length from 0.4 to 10 GeV/c.
P, (GeV/c) o (mb) P, (GeV/e) o (mb)
0.3 - 0.4 17.2£8.6 0.4 -1.2 14.8%1.,6
0.4-05 26.9 7.8 1.2 -1.8 17.5 1.7
0.5 - 0.6 7.0 4.0 1.8 -2,6 171 1.7
0.6 - 0.7 ~ 9.0 4.0 26 -3.6 153 1.5
0.7 - 0.8 13.6 4.5 3.6 -4.9 11.4 1.3
0.8 -0.9 11.3 3.6 4.9 - 6.7 8.6 1.2
0.9 -1.0 11.3 3.8 - 6.7 -10. 6.5 1.2

1,0 - 1.1 211 4.8
1.1 - 1.2 14.0 3.4
1.2-13 9.6 2.9
1.3 - 1.4 13.5 3.4
1.4 -1.5 26.0 4.8
1.5 - 1.6 16.4 3.7
1.6 - 1.7  15.9 4.1
1.7 - 1.8 23,5 5.0
1.8 -1.9 23.3 6.0
1.9-2.0 19.8 4.4
2.0-2.1 201 5.6
2.1 -2.2 16.3 4.5
2.2-23 17.6 5.1
2.3 -2.4 18.0 4.8
2.4 - 2.5 9.6 3.4
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(b). The double pion production reaction, Ap__—»Ap 1r+1r-, averaged over

bins of equal incident A pathlength from threshold to 10 GeV/c.

PA(GeV/c) o (mb)

1,37 - 2.1 0.21 = 0.15
21 - 3.1 3.0 + 0.5
34 - 4.5 4.8 % 0.7
4.5 - 6.3 52 + 0.7

6.3 -10.0 2.9 £ 0.6

(c).  The single pion production reactions, Ap - Z pw, averaged over ‘

bins of equal incident A pathlength, from threshold to 10 GeV/c.

Ap— =~ p'rr+ Ap — Z+p1r-
P, (Gev/c) o (mb) P, (GeV/) o (mb)
1.18 - 1.9 0.94 0,25 1.16 - 1.9  0.69 £ 0.29
1.9 -2.9 2.7 +0.4 . 1.9 -2.9 2.6 % 0.6
2.9 -4.3 3.0 % 0.4 2.9 -43 1.5 =04
43 -6.0 1.6 % 0.4 43 -6.4 1.4 03

6.0 -10.0 0.74 £ 0.24 6.1 -10.,0 0.50 £ 0.28
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(d). The total cross section,
P (GeV/c) .0 (mb)
1.0 - 1.5 - 23,6 £ 6.8
1.5 -2.0 24.5 = 6.8
2.0 - 3,0 29.2 £ 6.6
3,0 - 5.0 32.1 = 8.0

5.0 40,0 . 364+ 80

" (e). Resonance production cross sections,

PA(GeV/c) (mb)
Ap ~ = AT 441 1.25 £ 0.5
Ap — =2 4% 1 0.0 % 0,23
ST |
Ap ~ Z35:8 41 0.75 £ 0.3
st 0 4
Ap > ;o588 441 0.12 + 0.3

(f). =°%p reaction cross sections, averaged from 1.5 to 12.0 GeV/c,

 (Appendix V, Table V.2).
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