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

"He's a statistician," replied Lamia, with an annoying se·nse 
of being on the defensive. · 

Lady Nuttal was obviously taken aback. It had not occurred 
to her that statisticians entered into normal social relationships. 
The species, she would have surmised, was perpetuated in some 
collateral manner, like mules. 

"But Aunt Sara, it's a very interesting profession," said Lamia 
warmly. 

"I don't doubt it," said her aunt, who obviously doubted it 
very much. "To express a·nything 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. Manderville, The Undoing of Lamia Gurdleneck 

Primary causes are unknown to us; but are subject to 
simple and constant laws, which may be discovered by 
observation, the study of them being the object of 
natural philosophy. J h F · Th f H ·t osep our1er, eory o ea 
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ABSTRACT 

The results of a study of Ap interactions in the intermediate mo-

mentum range from 0.5 to 10.0 GeV /c A laboratory momentum are 

presented. A total A pathlength of 2.1X 106 em has been obtained in the 

82-inch liquid hydrogen bubble chamber, corresponding to a flux of 

roughly 60 events/mb. Cross sections for the elastic, inelastic, and 

resonant production reactions are given, in addition to a measurement 

of the Ap total cross section. We have studied the channels Ap -+ Ap, 

Ap-+~+p1T-, Ap-~-prr+,Ap-+Apn·+,r-, and Ap-~0 p. Wedonotob-

serve resonant or cusp-like behavior in the elastic reaction near i\p-+ ~ 0 p 

threshold. The pion production reactions Ap- ~p1r and i\p-+ Ap1r1r are 

mediated in large part by single pion exchange, and display rich res-

3+ 
onant production of the '2 baryon decuplet. Although the data are 

somewhat limited 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 understanding of nuclear particles c:md their inter-

actions. In the very beginning of this science, the fundamental nuclear 

force responsible for the existence of nuclei was experimentally investi

gated in scattering experiments between protons. 1 As techniques became 

better developed, these experiments 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 description3 of the nucleon-

nucleon force was formulated. 

When still higher energy protons became available at new particle 

accelerators, 1T mesons, one of the quanta believed responsible for the 

nucleon-nucleon force, were produced for the first time in large numbers 

in the laboratory. There ensued extensive experimentation of the 1T

nucleon interaction, of its correlation with the nucleon-nucleon force, 
4 

and of the rich resonant structure in all charge states of the 1T-nucleon 

system. In 1961, the Eightfold Way 5 was proposed, in which the 1T 

mesons were members of an irreducible re~resentation of the mathe-

matical symmetry group SU(3) along with five other particles, 

+ .. ,o -o - o K , 1\.- , K , K and the T) , called the pseudoscalar meson octet. 

s 
+1 

0 1T + 1T Pseudoscalar (Jp = 0-) 

Meson octet 
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The interactions oi all four K mesons with nucleons were also 

studied in detail, augmenting the data available for study and displaying 

rich differentiations among these particles. The Eightfold Way also 

proposed that the proton and neutron were members of another repre-

sentation, the baryon octet. 

s 

0 n p 

-1 ~ A,~o ~+ Baryon (Jp = 1/2+) 
Octet 

-2 ';:;'- ';:;'0 ..... ..... 

I 
1 +! 

z 
-1 0 +1 --z 2 

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

octet was very beneficial, one attempts to assemble an experimental 

description of the interactions of all other members .of the baryon octet, 

the A,~, and :=: ·hyper sons with the nucleons. Possibly the easiest 

way to produce these partiCles is in high energy K- p collisions. In 

such interactions, the probability per collision of producing a A hy-

peron is :::: 0.10, a~ hyperon:::: 0.03, and a :=:hyperon:::: 0.007. All the 

hyperons (except the ~0 which decays electromag~etically) have roughly 

the same mean lifetimes, but the A, besides being much more copiously 

produced, is more easily analyzed in an experimental apparatus than 

the charged .~ hyperons for two reasons: first, it is neutr(l.l, and so 

" 

I 
I 

. I 
! 
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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 difficult to measure accurately. The 

:=: hyperon, although easily analyzable, is so meagerly produced that 

no experiment to date has attempted a systematic study of the S- nu-

cleon interaction. This experiment was designed to study the A-nucleon 

interaction at momenta from 0.5 to 10.0 GeV /c. 

Experimental investigation of the hyperon-nucleon interaction is 

severely inhibited by the short hyperon mean lifetimes of a few times 

-1o 1 · 10 seconds. The resultant mean decay lengths for 2. GeV c hyperons 

+ . -are about 14 em for .L\., 4 em for ~ , and 7 em for ~ . Consequently, 

the bubble chamber is the only experimental technique employed to date 

in the study of individual .L\. interactions, primarily because the chamber 

liquid has served the dual purpose's of .L\. production target and .L\. inter., 

action detector. The present experiment has improved upon this 

technique by mounting a very dense platinum target within the chamber 

liquid to enhance the .L\. production rate. We have observed roughly 

100,000 visible .L\.-+ plT- decays in the liquid hydrogen in 500,000 photo-

graphs. 

Despite recent spectacular successes 6 • 7 in the construction of 

high energy hyperon beams, the intermediate energy region from 1.0 

to 10. GeV has been largely unexplored. Figure 1 shows the number 

of individual .L\.p interactions published in the literature, reported at 

conferences, or reported informally, from the discovery of the .L\. 

hyperon in 1947 by Rochester and Butler8 to the present time. 
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Previous to the present experiment, direct scattering experi-

9-15 1 ments of A hyperons on proton targets at momenta below 500 MeV c, 

where the only channel open is the elastic, have established that the 

total cross section falls monotonically 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 momentum. 

The scattering is found to be isotropic in the center-of-mass angle, the 

forward-to- backward ratio is about unity, and no A polarization is o b-

· served. It may be inferred that the scattering takes place predominantly 

in an s-wave orbital angular momentum state. The Ap total cross 

section throughout the range 200-500 MeV /c is roughly 3.5 times smaller 

than the np total cross section. This is not surprising since, in a 

meson exchange potential description, the long range 1T-exchange force 

is dominant in np scattering and disallowed in Ap scattering due to the 

isospin singlet nature of the A. The PP and Ap total cross sections 

are nearly equal in this momentum range, but the suppression of the 

pp cross section can be fully accounted for by coulomb repulsion effects 

which reduce the s-wave scattering length. 

Studies of hypernuclei 16 and effective range approximation anal

yses 14 • 15 have established that the singlet and triplet s-wave scattering 

lengths are approximately equal and negative, as::::: at :::::-1.6 fermi. ~hese 

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

2 2 
O'T(Ap)::::: 1ra

8 
+ 31Tat :::::320mb. 

. 10 17-24 At momenta above 500 MeV/c, several exper1ments ' have 

outlined the gener-al features of the scattering in this domain. Thus, 

the scattering begins to deviate from being consistent with pure s-wave 
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. . 24 
scattenng, and takes on a character which may be described by some 

admixture of p-wave scattering near Ap- ~0p threshold at P A= 642 

MeV /c incident momentum. At ev~n higher momenta, the elastic scat

tering becomes highly peripheral, 
21 

similar to the well-known nucleon-

nucleon scattering, although there has been some quantitative contro

versy23 on this point. The rapid decrease of the elastic cross section 

is arrested somewhere in the neighborhood of 20-25mb. No experi

ment has observed a substantial enhancement25 a in the elastic cross 

section near Ap-+ ~0p threshold. 

The onset of inelastic channels begins with Ap -+ ~N at about 

642 MeV /c, followed by single pion production in Ap- AN1T and · 

Ap-~N1T at 900. and 1184. MeV /c, respectively, and then double pion 

production in Ap-+ Ap11'1T at 1370. MeV /c. The Ap -~0p reaction cross 

section is in controversy; one experiment
23 

cites 11 events for a 
. 21 . . 

1.5:1:0.5 mb cross section, another does not analyze the reaction due 

to serious kinematic ambiguity problems, while a third
24 

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, the 

Ap - Ap1T and Ap-+ Amr + reactions are at best constrained by four 

kinematic equations with four unknowns, and are very difficult to 

identify unambiguously. However, two experiments have published 

cross section measurements of the Ap -Aprr0 reaction, one
24 

up to 

1.5 GeV /c obtaining a linearly increasing cross section from 0 at 

threshold to about 5. ± 2.0 mb at 1.8 GeV /c. The other experiment23 

finds a momentum-averaged cross section of 4.1 ± 0.8 mb from 0.88 to 
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4.0 GeV /c. 

21 Some data suggest isovector exchange in the double pion reaction 

+ - . 21 23 .1\.p-+.1\.plT 1T , and two expenments ' have observed strong ~(1385) 

.6(1236) production in this reaction, although each has only about 12 

examples of the reaction. 

At" asymptotic" momenta, like 5.0 GeV /c, the .1\.p elastic cross 

sec:tion becomes nearly constant at 8-10 mb, and rough estimations 21 ' 23 

of the total interaction cross section in these two bubble chamber ex-

peri:Jnents have given O'T- 35-40mb with errors of order 25-40 per

cent. A recent counter experiment, 6 employing essentially a trans-

mission technique, has determined that the total cross section from 

6 to 20 GeV /c .1\. momentum is consistent with an average value of 

34.6±0.41 mb over their entire momentlim range. 

The present experiment was initiated late in 1969 to strengthen 

the experimental understanding of the above data, and to extend the 

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

studied the reactions 

.1\.p-+ Ap ( 1a) 

.1\.p -+ ~- p1T + (1b) 

.1\.p -
+ -

~ p1T ( 1 c) 

+ - ( 1d) .1\. p - .1\. p1T 1T 

.1\.p ... ~op ( 1e) 

.1\.p - .1\.nlT + (if) 

A p .-. .1\. prr o ( 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 covered in Appendices I, II, 

and III; Section II will discuss the elastic reaction; and Section III will 
! 

···I 

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 to 

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, although Appendices I, 

II, and III are very important for the experiment. Appendix IV discusses 

Lorentz Invariant phase space calculations employed in the invariant 

mass fits of Section IV; Appendix V discusses Z- and n- decays in 

this experiment, gives a measurement of the parity violating parameter 

in~- -+Arr- decay, and presents cross sections for various final states 

in ~0p interactions at high energies. Appendix VI details the calculation 

of the propagation of the 1(0 amplitude through the platinum plate; 

Appendix VII gives SU(2) and SU(3) coefficients for easy reference, 

quark model calculations, and U- spin amplitudes relevant to Ap inter-
1 

actions we have studied. Appendix VIII gives some details of the cal- .. ! 

culation involved in the total cross section measurement; and finally, 

Appendix IX gives tables of cross sections displayed in the figures . 

. Figures and their captions appear within each section for convenience. 
.. i 
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Section I. Description of the Experiment 

A. Data Collection and Reduction. 

The copious production .of A hyperons for a scattering experiment 

in the few GeV region involves the following considerations. Firstly, 

one may readily conclude that the bubble chamber is the only reasonable 

detector to use because of its 41T steradian solid angular acceptance and 

100 micron spatial resolution. In addition, the A mean proper lifetime, 

-1o ', 1 
T = 2.58.10 seconds, and consequent mean decay length X.: (p m)c-r 

em, necessitates the production of A hyperons within, or at least a few 

decay lengths from, the detector itself. 

Secondly, the ratio of the A hyperon production rate to the back-

ground production rate s,hould be maximal. This is the case for KN 

interactions at high energy, where 

C1 A production, ~ 
a total 

2.2 mb .,. 
0 10 21.5mb - · · 

These ratios in NN and 1TN interactions are 0.023 and 0.03, respectively, 

and NN interactions have the further disadvantage of a large, energetic 

, neutron background. In KN interactions, the neutron background comes 

primarily from the A- n1T0 decays. 

Thirdly, we have mounted a dense metal target within the bubble 

chamber to enhance the K interaction rate, and hence the A production 

rate, inside the detector. 
24 

The highest density is desirable, since 

, the K interaction rate per unit length is maximal, and the A decay loss 

inside the target is minimal. Platinum was chosen for 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 

K'L = i K0 + i K0 bea~ primarily so that the K- trajectory could be 

measured and projected through the platinum target, obtaining a well-

defined line source for the produced A particles. 

The data in this thesis were obtained in a 500 ,000-picture exposure 

of the SLAC 82-inch hydrogen bubble chamber to a radiofrequency

separated 12. GeV /c negative kaon beam. Two runs were taken in 

September 1970 and April 1971. The beam was the C beam to the 82-

inch chamber, 26 and was modified at the last quadrupole doublet to 

focus the dispersed beam to small dimensions in the vertical plane. 

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 direction. 

This platinum target was mounted within the liquid hydrogen of the 

chamber, positioned just above the beam centerline (so that other ex-

periments might also proceed by steering their beams below the 

'platinum), and about 4 inches downstream of the edge of the visible 

volume so that entering K- beam tracks are visible. Very little bub-

ble formation was observed about sharp edges of the plate. The 

platinum plate was machined and bolted to mounts welded to the wall 

of the chamber. 
27 

The mounting was capable of withstanding the pulsed 

accelerations of the chamber body of roughly 30g per pulse, where g 

is the acceleration of gravity, for nearly 2 million pulses. Typical 

photographs of Ap scatters are shown on the following pages. One 

feature of A production in high energy K- p collisions
28 

is that A 
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particles are not produced peripherally as in lower energy K- p calli-

sions. In particular, for reactions yielding high pion multiplicities 

(n ::::=:: 4), the A production angular distribution in the center-of-m~ss 
~ . 

is both forward and backward peaked with a mean near cos e':< :::: 0, 
em 

and hence a mean center-of-mass longitudinal momentum near 

P~:::: 0. GeV /c. At low pion multiplicities (n < 3), the A production 
~ 

is distinctly peripheral and forward peaked with respect to the target 

baryon direction. Since the A production cross section at these high 

momenta is dominated by higher pion multiplicities, the A laboratory 

momentum and pathlength distributions extend to rather high momenta, 

and are useful in this experiment up to about 10. GeV /c. These are 

displayed in Figs. 2a, b. The measured A decays in Fig. 2b are a 

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

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

normalization factor for the entire experiment. 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 corresponding to - 60 

events/mb. 

The film was scanned
29 

for all neutral-induced reactions, free 

V 0 . decays, and charged particle induced reactions leading to a single 

strange particle, and charged particle decays leading to a V 0 decay. 

Those event types relevant to this analysis are sketched in Fig. 3. 

Prior to measurement all events found on the primary scan (except 

event types 6 and 7) are critically re-evaluated33 as to their 

reality by a more experienced scanner who makes a sketch of the event 

and the interacting beam tracks in two views. This procedure was 

d t t d 3 0 . 1. . t . d bl emons ra e 1n an ear 1er exper1ment o save cons1 era e measuring 

.. 

! 
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Figure 3. Event type topologies 6, 7, 17, 31, 3 2, and 3 7 
relevant to the main body of this thesis. Topologies 
for higher charged prong multiplicities were also 
recorded, but not analyzed, and those with two visible 
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 measured on the ·Franckenstein measuring 

machines in the LBL COBWEB ~system, 31 and processed through the 

programs MEDIT-TVGP-SQUAW. In addition to measuring the tracks 

participating in the interaction, measurements are also made of beam 

tracks which interact in either the platinum target or the liquid hydrogen 

for the purpose of spatially reconstructing the beam track interaction 

vertex. For beam. tracks interacting in the platinum, all minimum 

ionizing tracks exiting from the platinum are also measured. These 

tracks are fit to a quadratic trajectory, propagated backwards through 
• 

the platinum with proper multiple scattering errors and energy loss 

correction, and employed in a search for intersections with incoming 

beam tracks. A minimum chi- squared for ann-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 

(renamed MEDIT) and TVGP to accommodate the geometrical recon-

struction of these beam track interactions to be used later in SQUAW 

in the kinematic reconstruction of reactions such as i(e-g). Details 

of the origin reconstruction are given in Appendix III. Since 

1\.p -+ Ap and Ap -+ Ap1r + 1T- scatters are identifiable with or without 

an origin, a large sample of these scatters was used to estimate the 

origin reconstruction efficiency. An efficiency of 76 ± 4 percent was 

obtained. 
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Kinematic solutions of SQUAW consistent with energy and mo-

mentum conservation above the 0.01 confidence level are compared 

with bubble density ionization information at the scan table, 
32 

and 

only solutions consistent with particle identification by ionization are 

accepted and stored on the Data Summary Tape (DST). Whenever two 

or more hypotheses of possibly different constraint classes are accept-

. 34 
able, all are stored on the DST. 

Thirty percent of the data has been scanned a second time, and a 

very small fraction a third time, to estimate scanning efficiencies for 

all event types. A detailed discussion of the calculation of scanning 

efficiencies in this experiment is given in Appendix II of this thesis. 

The second scan events were suqjected 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 

efficiency along the b-eam direction for all event types near the plate 

where secondary particles from the K- -nucleus collisions obscure the 

field of view. The usual assumption that each event has an~ priori 

probability of being found by the average scanner is not a good assump-

tion in the few centimeters downstream of the platinum target. It was 

calculated that type 7 events in this region have a mean probability of 

being found which is about 25 percent less than in other regions of the 

chamber. Furthermore, the measurement failure rate was found to 

be higher near the platinum 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 Number of 
Reaction Events Weighted Events 

i\p -1\p 584 942.2 

i\p ..... ~- prr + 132 169.4 

i\p + -..... ~· p1T 60 107.6 

i\p + -..... i\p1T 1T 181 221.4 

i\p ..... ~op 25 40.4 

i\p ...... 1\rllT + 

i\p ..... i\p1To 

Since the latter two reactions ha-<re not been unambigiously identified, 

we do not attempt to quote cross secti<:>ns, but do present an analysis 

of these reactions, together with the .1\.p ..... ~0p reaction, in Sec. V. 

The elastic i\p scattering plus the subsequent 1\. decay [Eq. (1a)] is 

kinematically a 4- constraint fit: three constraints at the 1\. ..... p1T- decay 

vertex and one constraint at the .1\.p interaction vertex, without knowledge 

of the incident 1\. direction. Knowledge of the 1\. origin coordinates con-

tributes two additional constraints of transverse momentum balance to 

the kinematic fit. Chi- squared distributions for 4- a·nd 6- constraints are 

. shown in Figs. 4(a- b). We have found that the elastic reaction is largely 

unambiguous event without these two constraints on transverse momentum, 

. 21 23 24 
and other exper1ments ' ' have come to a similar conclusion. 

The elastic reaction s~ffers from loss of events at low momentum 

transfer to the recoil proton due to the inability of protons below a 

momentum of about 100. MeV/c to form a track long enough to be 
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recognized. If t (GeV /c)
2 

is the minimum momentum transfer m . 

squared at which a recoil proton track is visible, and B(GeV /c)- 2 is 

the slope of the elastic diffraction peak, then the fraction of events 

lost is 
. Bt 

fraction lost ::::: 1 - e m . 

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

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

17 in Fig. 3, shows substantial variation through the fiducial volume, 

being particularly poor very near the plate. This efficiency is displayed 

in Fig. II.1 of Appendix II. 

± ~ . ± 
The reactions 1\p--+ ~ p-rr plus the charged ~ decays are two- con-

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

. ± 
however, the charged ~ hyperons have mean decay lengths of a few 

centimeters, and consequently their momenta are poorly determined 

by a sagitta measurement in a bubble chamber with a spatial resolution 

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

in practice not used, these events are esse~tially one-constraint without 

a A origin, and three-constraint with an origin .. · We have taken care 

to remeasure topologies of the above reactions up to four times if a 

three-constraint fit has not been obtained. Scanning efficiencies for 

these topologies have been estimated from the measured scanning effi-

ciency of the much more nume~ous three-prong recoils (type 30) _without 

a decaying track, and making a subsequent correction for short ~ de-

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

. ± ± 
~ --+ mr resulting from too small an angle between ~ and TT to be 

resolved visually at the scan table. The decay~+:-. pTT 0 was not used 
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Figure 4. (a) 4-constraint (4c) chi-squared distribution 
for the reaction hypothesis 1\.p -1\.p 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 
l\.p-l\.p1T+1T- hypothesis without origin information; 
(d) corresponding 6-constraint with origin ~nfor
mation. 
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in any cross section determination because its visual detection effi

ciency was only 20-30%; instead, the decay ~+ --.1 
mr + was weighted 

by the appropriate branching ratios 

+ + + BR(~ --. p1r ) + BR(2:: -+ n1r ) 
+ + 

BR(~ -+ n1r ) 
~ 2.03. 

Chi-squared distributions for these fit hypotheses are shown in 

Figs. 5(a-d). 

The + -1\.p .-.J\.p1T 1T reaction (id) is in the same constraint class 

as the elastic reaction, its scanning efficiency is very high l~ 0 .95), 

and chi- squared distributions for the four- and six- constraint hypotheses 

are shown in Figs. 4(c-d). 

The ~0 production reaction 1\.p -+ ~0 p ( ie) requires an origin in 

order to be over constrained. The overall constraints are four in 

number, with three constraints at the 1\.-+ p1r decay vertex, and one at the 

combined 1\.p-:+ ~ 0 p interaction vertex and the ~ 0 
-+ Ay decay vertex. 

This reaction is discussed further in Sec. V. 

The two reactions 1\.p -+ .L\.n1T + (if) and 1\.p -+ .L\.ptr0 
( ig) are zero-

constraint if the origin of the incident 1\. is known. SQUAW solutions to 

1\.p -+ .L\.n1T + are ambiguous with at least one other solution in 90% of all 

cases, and 1\.p -+ .L\.p1r0 solutions are ambiguous in 50% of all cases. 

Due to these severe ambiguity problems, these reactions are not as 

readily analyzable as the other reactions, and we defer discussion of 

an attempted analysis to Sec. V. 

Finally, the decay 1\.-+ p1r- is a one-constraint hypothesis without 

an origin, and three-constraint with an origin. The scanning efficiency 
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4- constraint with origins. (c) 2- constraint chi
squared for Ap-+ ~+pTT- hypothesis without origins; 
(d) corresponding 4- constraint with origins. 
About half of the events in these distributions have 
no momentum measurement of the ~ decay track, 
reducing the constraint classes to 1- constraint and 
3-constraint, respectively. 
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is relatively good in this experiment except very near the plate, where 

charged secondaries exiti,ng from a beam track interaction inside the 

platinum can sometimes simulate the Y 0 decay topology. The A-+ prr

and K~ -+ TT + TT- decays are ambiguous only in that region of K~ decay 

phase space in which the TT + dec~ys forward in the center-of-mass. 

Figure 7 displays the dependence of the laboratory opening angle of the 

Y0 versus the momentum balance between positive and negative tracks. 

Actual A and K~ decays of the indicated momentum will fall along these 

curves. The A and K~ decay curves overlap near a z 1.0, and since 

about half the A phase space overlaps with a much smaller fraction of 

K ~ phase space, one is justified in as signing ambiguous events to the 

A-+ ptr- decay. After such assignment, the ambiguity rate is only 2% 

at a few GeY /c Y0 momentum. 
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Figure 7. Plot of momentum balance between positive 
and negative tracks from a yo decay, 
a= (p+- p_)/(p+ + p_), versus the laboratory 
opening angle of the yo. A and K 1 decays lie 
along the lines shown correspor1ding to their 
momenta; y-... e+ e- conversions all lie along 
the line elab = 0. 
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Section II. Elastic Scattering 

A. The elastic scattering cross section is shown in Fig. 8, and is 

very similar to the proton-proton elastic cross section represented by 

the solid line. The differential elastic cross sections da jan and 

da /dt are displayed in Fig. 9 as functions of the incident A momentum, 

and one may, in particular, obse~ve the rapid variation of the event 

*: 
distributions in cos e as the elastic reaction proceeds from isotropic 

to highly peripheral scattering. Fits of the differential cross section 

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

/
. 2 

0.01<-t <0.41 (GeV c) ( 2) 

reveal a shrinkage of the diffraction peak very similar to that observed 

in pp and K+ p elastic scatteri:n:g, two channels believed not to be reso-

nant in the s-channel. These fitted slopes are given in Table 2 and di~-

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 A (GeV /c) Mean PA(GeV /c) I -2 B(GeV c) 

0.64 - 0.90 0.77 2.39 :t: 1.84 

0.90 - 1.34 1.12 0.45 ± 1.26 

1.34 2.40 1.87 3 .44 :t: 0 . 7 7 

2.40 - 4.40 3.28 5.85 :t: 0.63 

4.40 - 10.0 5.90 6.55 :t: 0.92 

These data on the total and differential elastic cross 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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Figure 10. The elastic diffraction slope parameter fitted 
over the t range 0.01 ~ -t(GeV /c) 2 ::::; 0.41. The data 
points with smaller errors are slope parameters in 
pp elastic scattering fitted by the same algorithm 
over the same range of t. .. 
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The elastic Ap and pp reactions show remarkable 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 measurements are at some 

variance with a previous experiment, 23 which measured a slope pa-

I -2 
rameter B = 3.5 :i: 1.0 (GeV c) averaged over the A momentum range 

1.5 to 4.0 GeV /c. 

Care has been taken in the measurement of the slope parameter 

to avoid a kinematic bias introduced by the averaging of data over a 

finite range in A center-of-mass momentum. The bias results from 

the fact that in the elastic reaction the cos e•:< ranges for different 

center-of-mass momenta, q, are mapped onto different regions of t 

by 2 :0:< 
t = - 2q ( 1 - cos e ) , (3) 

and consequently several ensembles of elastic events at different center

of-mass momenta' all of which are isotropic in cos e•:<' will yield when 

, combined into one ensemble at-distribution which is not isotropic, as 

it must be by relation (3). We have corrected for this bias below 

2.4 GeV /c A momentum by transforming the four-momentum transfer 

·squared, t., for each event in a given momentum bin by the Jacobian 
1 

':~ 
of the transformation relating cos e to t, 

t
1

• = t. (2\, 2
, 

1 1 qi J ( 4) 

where q. is the center-of-mass momentum of that event, and q is 
' 1 0 

·some appropriate average of the center-of-mass momenta of all events 

* 'in the given momentum bin. ·This effectively averages events in cos e , 

instead of t, by mapping each event onto the same t regio,n. Simple 
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considerations indicate that the proper average, q
0

, is just 

n 

2: 
i= 1 

q., 
1 

where n is the number of events in the bin. 

(5) 

B. The polarization of the outgoing A in the elastic reaction has been 
.,_ 

measured over the center-of-mass angular range 0.30< cos e~' ~ 0.95, 

and found to be small and consistent with zero. This is in accord with 

the results of the model of Arnold and Logan, 
35 

based on a Regge-pole 

model with SU(3) and exchange degeneracy, which states that the pri-

mary contribution to NN polarization is d~e to A
2

, and not w, exchange .. 

The isospin singlet nature of the A rules out A
2 

exchange in the elastic 

reaction, with a consequent reduction in the polarization. These data 

are given in Table 3 and Fig. 11. The polarization of the recoil nu-

* cleon in the elastic pp and np reactions, averaged over the same cos 8 

range, is larger, ranging from 0.2 at 0.5 GeV /c, up to 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 1\p -1\p. 

PA (GeV /c) Polarization 

0.4-1.0 0.0 :I: 0.40 

1.0-2.0 0.07::1::0.20 

2.0-4.0 -0 .02::t:O .20 

4.0-10.0 0.17::1::0.30 

The question of a cusp, or of resonant behavior, in the elastic 1\p 

. 0 . 
reaction near threshold for 1\p- ~ p has been of some interest since 

the original paper by de Swart and Dullemond. 25a 
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Figure 11. The polarization in l\p elastic scattering 
averaged of the center-of-mass scattering angular 
range 0.30:::; cos e':' < 0.95. . 
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The latest results of this continuing analysis of the lower energy 

hyperon-nucleon interaction have recently been published. 25b The 

premise of the analysis is that baryon- baryon interactions at low 

energy can be described by meson theoretic potentials in a multichannel 

Schrodinger equation. Exchange potentials for the pseudoscalar and 

vector nonets, and the uncorrelated two pion exchange, were employed, 

and all meson- 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 descriptions that three hard 

core radii (r < 0.4 fm} were required as essentially a phenomenological 

description of the short range forces. The singlet and triplet scattering 

lengths and effective ranges determined by such a model were found to 

agree within about 10-15 percent with previous analyses of 'nucleon-

nucleon scattering in both I = 0 and I = 1 isospin states. Their simul-

taneous description of all AN and I:N scattering data in the I = 1/2 

and I = 3/2 states has yielded, in particular, the Ap low energy pa-

rameters 
a - - 2.16 :l: 0. 26 fm 

s 

at-- 1.32± 0.07 fm 

r = 2.03± 0.10 fm 
s 

rt = 2.31 ± 0.08 fm, 

which agree well with their earlier analyses. Furthermore, their 

( 6a} 

(6b} 

description of the Ap elastic cross section, shown in Fig. 61, Sec. VI 

of this thesis, displays a cusp in the 
3s 

1 
state, where the eigenphase 

shift approaches 'TT /2 near AN.- I:N threshold. It was noted, 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 effects. 

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

mentum and spatial position in the bubble chamber are displayed in 

Fig. 12. The downstream edge of the platinum plate is at y!!!:- 86. em. 

No apparent bias is seen in the y-distribution where one might suspect 

that scanning inefficiencies near the plate could possibly be r_esponsible 

for a loss of events. The distribution in PA reveals no structure near 

PA = 0.642 GeV /c, the threshold for the reaction .L\p- !:
0

p. The cross 

section measured in this experiment from 0.30 to 1.00 GeV /c in 100-MeV /c 

infervals is shown in Fig. 13. 

C. The ratio of the real to tpe imaginary part of the forward elastic 

·scattering amplitude has been calculated from our elastic data and our 

measurement of the .L\p total cross section in Sec. III of this thesis. 

The elastic scattering amplitude as a function of center-of-mass mo-

>!< 
mentum, q, and scattering angle' e • is taken to be 

>::: >:c ':c 
f(q,e ) = a(q,e ) + ib(q,e ); 

then the differential cross section is just 

2 * 2 * =a (q,e ) + b (q,e ) 

One usually parametrizes this cross section in t, 

2 * where t = - 2q ( 1 - cos e ) • as 

da _ da dt _ A Bt 
<fi - dt dO- e 

2 .s_ 
'IT 

Evaluated at t = 0, this relationship is 

2 2 
2 

a ( q , 0) + b ( q , ~) = A <I,. 

( 7) 

(8) 

(9) 
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XBL 747-1258 

Figure 13. The elastic Ap cross section from this ex
periment in the low momentum region from 0.3 to 
2.5GeV/c. 
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The optical theorem reads 

= 4rr 1m f(q 0) q , 

4rr 
=- b(q,O) 

q 

Solving for a(q, 0) we obtain 

( 1 0) 

Ia ( q, 0) 12 = q 2 ( A (fl c) 2 - aT 2 ) ( 11) 
1T 16T/ . 

where flc = 0.624 GeV-mb
1

/
2

, and the units are A(mb/GeV
2
), aT(mb), 

and q(GeV). Then the ratio of the real to the imaginary part of the 

forward elastic scattering amplitude is 

2 161T (fl c) A 
2 

aT 

( 12) 

The error on IP 1
2 

has been obtained by varying A and O'T in turn by one 

standard deviation, and computing the variation of IP 1
2

. These results 

are. shown in Fig. 14. The sign of p, usually measured by the inter-

ference of the 'purely real Coulomb amplitude with the real part of the 

nuclear amplitude, cannot be so obtained in i\p scattering. We might 

suppose that the sign will be given by the additive quark model elastic 

amplitude relationship (Appendix VII) 

- . + Ampl(i\p) = Ampl(pp) + Ampl(K n) - Ampl(1T p). (13) 

In the range 2.0- 3 .0 GeV / c, the right hand side is 

p(i\p)::::[-0.35] a(pp)+[0.05]K_ aT(Kn)-[-0.20] + aT(1r+p) pp n 1T p 
( 14) 
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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 relationship for total cross sections at laboratory momenta be-

low about 3.0 GeV /c is not satisfied. 

i 
I 
I 
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Section III. Measurement of the Ap Total Cross Section 

Cross sections are usually measured by counting events in known 

categories. In this experiment, experienced bubble chamber physicists 

will quickly recognize the difficulty of kinematically identifying all, or 

nearly all, final states in Ap interactions at high energies, by virtue of 

the fact that one missing neutral particle from the interaction reduces 

the number of kinematic constraints to zero, even in the most favorable 

.case where all tracks are well..:measured and the origin of the incident 

A is known. A direct count in this experiment of neutral-induced events 

with a single hyperon s,eparates out predominatly Ap and K 0
p interaction 

events from the large np and small Z 0
p backgrounds, which prpduce 

either zero or two strange particles. Since the separation of the K 0
p 

and .L\p events cannot be done on a event-for- event basis for more than 

about 50 percent of the data, a subsequent separation of the .L\p from 

the combined .L\p and K 0
p interaction events can be performed on a 

statistical basis. The crux of this statistical technique is that the 

spatial intensities of the A and K 0 
flux differ within the detection region 

·and hence, for example, hyperons produced by K 0 
interactions will 

differ considerably in their spatial distribution than those produced by 

A interactions. Knowledge of the inclusive eros s section for 

K 0
p-+ hyperon+ anything, together with the assumption that 

aT(.L\p) = a(Ap-+ hyperon+ anything), allows a measurement of O"T(.L\p). 

A. An Idealized Calculation 

Suppose that the problem is one-dimensional, and that 

i) the detection region is of length L, Fig. 15: 

ii) the K- target is at y = 0, and ;{ll A and K 0 
are produced at the 
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target and 

iii) at y = 0, the flux per 

unit momentum is q> A (p) 

0 
for A and %0 (p) for K 1 . 

. 1 

Probability Density 

FJ<(p;y) 

---""'-------------------L~ y 
L 0 

Fig. 15. The A and K0 probability 
throughout the fiducial volume. 

Then the probability of having a A of momentum pat y is 

PA (p;y) = e 

- [mA] y/p 
C'TA 

( 15) 

Similarly, the probability of having a K 0 of momentum p at y is 

1 [ -a1y/p -a2y/p -yy/p { ,l 
. PR(p;y) = 4 e + e _ + 2e cos f3y /p}j 

( 16) 

where 

f3 = 
mo6m 

c. 

0'1 0'2 
( 1 7) '( = -z+2 

Let a A (p) and aR(p) be the inclusive hyperon production cross 

.sections in Ap and K 0 p collisions, respectively. Then the probability 

of having a hyperon produced in a region dy about y is 
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00 00 

P LHzj P A (p)P A (p;y) a A (p}dp + P LH2 J 2 PK~(p)PK(p;y)aK:(p}dp 
0 0 

Py(y)dy =--------------~L-----------------------------------dy 

l dy' {numerator} 
( 18) 

. . 
This probability essentially separates the A component from the 

K component in hyperon production by virtue of the fact that the K 

amplitude survives throughout the detection region, whilst the A dies 

exponentially 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 a A(p) and 

· aK(p) is -N --n 
P[N 1 n1 n e 

( 19) = N! 

where 
L 00 

n= PLH 1 dy 1 dp [of A (p) o-A (p) PA (p;y) 
2 

(20) 

+ 2 oior<:j(p)o-K (p) PK(p;y)J · 

Then the likelihood function is the product of this Poisson probability 

and the product of the N probabilities of finding the hyperons at the y.: 
1 

;;(_ = P[N I ii] 

i= 1 

For computational convenience, one usually forms the function 

f = -ln £ N 

=- lnP[Niii.]- L lnPy(y.) 
. 1 1 
1= N 

..., Nl n n + n + .t n N ! - L l n p ( y. ) 
. . 1 y 1 

1= 

(21) 
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The minimum of this function determines the best estimate of the total 

cross section, <JT(p). 

An alternative method, and in fact the one employed in this Section, 

is to calculate the spatial distribution of all hyperons according to (18), 

and compare this with the observed experimental distribution in the 

chi- squared sense. The best estimate of the total cross section is then 

obtained by adjusting aT(Ap) as a function of momentum so as to mini

mize the chi- squared, taking care, of course, that the contributions to 

this chi- squared are roughly uniform throughout the chamber. 

B. The Actual Calculation 

A proper treatment involves essentially three generalizations of the 

ideal calculation: the propagation of the A and R0 ·amplitudes through 

the chamber in three dimensions, corrections due to visual inefficiencies, 

and the production of A and K 0 in the liquid hydrogen (LH
2

). 

1). A and K~ Decay Distribution Calculations 

A measurement technique relying upon an experimental spatial 

distribution function must have a good understanding .of spatial biases 

and efficiencies. 39 A necessary test of these is provided by A -+ p11'

o + -and K
1 

-+ TT TT spatial decay distributions which are theoretically un-

derstood to be 

dN = dy 

- y fA-r 
e X (decays/em), 

7' 

( 22) 

where >... 
7' 

is the A or K~ mean decay length, >....,. = Pe-r /m, 7' being 

the proper mean lifetime of the A or K~ state. An ensemble of event 

type 7 V
0 d~cays 38 in a 20-cm fiducial volume near the plate 

40 
is 

used to calculate the decay distribution throughout the chamber in 
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Figure 16. (a) Spatial decay distribution of K 0 -+'TT+'TT
decays observed produced from beam track inter
actions in the liquid hydrogen (LHz) •. (b) Same 
for A-+ p'TT- decays. 
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Figure 17. A-+ piT decays. 

{b) K~-+1T+1T- Decays 
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Figure 18. The difference of the K~ -+ iT-t ;r- experimental 
and calculated decay distributions. The D. in this 
figure, and all subsequent figures in this Sectibn, 
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 calculation are given in 

Appendix VIII. 

2) Flux Calculations 

The Lambda Flux: 

For a given visible A -+ pn -,,decay in a fiducial volume slab of 

depth dy centered at y in the ~hamber, the total number of such decays 

in the film represented by this event is 

dn. 
1 

where yi is the A decay position, 1"J
7

(yi) the scanning efficiency, and 

BR = . 642 (visible decay branching ratio). The fraction of film mea-

sured for pathlength is fM = 0 .0_667. Then the A pathlength through the 

section dy at y is 

dL(y) = 
dy 

= 

z 
1 

1 

dn. 
1 

dyBR· fM 

(23) 

where the sum is over all A decaying in dy, the i th decay having mo-

mentum, p., and position, y .. 
. 1 . . . 1 

Assuming a Ap total cross section, O'T(.L\p), of 35mb and the density 

3 
of the liquid hydrogen, P LH = 0.060 gm/cm , the resultant distribution 
. 2 
of hyperons is calculated as 

dN 
crf (y) = hyperons/ em 

and displayed in Fig. 20. 
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-o 
To calculate the K flux, we separate the calculation into two parts: 

(i) the K
0 

amplitude deriving from K0 
produced in the platinum plate; 

and the (ii) K
0 

amplitude produced in the liquid hydrogen. The scanning 

instructions required the scanner to distinguish between V
0 

produced 

at vertices in the hydrogen (ET6) and those with no production origin 

other than the platinum plate (ET7). Examination of the spatial distri-

butions of ET6 and ET7 indicate that this requirement was satisfied 

well by the scanners, that is, the spatial distributions resemble very 

well the expected ones, 

~~(ET6)- 1- e-y/'A 

where 'A is a typical mean decay length for the sample. We employ · 

these identifications in the following calculation of the K 0 
amplitude. 

(i) K
0 

amplitude from the platinum plate. For each ET7 

-o + -K
1 

- iT iT decay in a restricted 10 em long fiducial volume near the 

plate, 

FID2. - 20. :::::; x( em) :::::; + 20. 

- 84. < y(cm) <- 74. 

+ 3. < z(cm) < + 34. 

the decay is 

o -o 
a) weighted by the probability, W K, that the K

1 
was a K , 

not a K 0
, upon exiting from the plate. We have calculated this 

41 42 
probability using the solutions of K. Case and M. L. Good, 

and find 

. . 
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In addition, the decay is 

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

FID2, 

where 

1 weig hf = ' ---=--.--,...,--
-d /~ 

1 - e 2 1 

d
2

(cm) = the three-dimensional potential flight distance inside 
FID2, 

0 ' p 
~ 1 (em) =mean K 1 decay length ( = z:n- C'T 

1
) 

K 
. ( 0 + -c) weighted by the inverse of the visible branching raho BR K

1
- TT TT ) , 

. -1 -1 
we1ght = BR = ( .687) ; 

d) weighted by the inverse of the fraction of film measured for V0 

-1 
decays, weight = fM ; 

e) weighted by the inverse of the scanning efficiency at the decay point 

y., weight = 11
7

(y.) -
1

; and 
1 ' 1 

f) weighted by 2 for the K
0 

decay probability into K~. Altogether, 

o + - -o each K
1 

- TT TT , decay in FID2 represents a total number of K particles 

exiting from the plate equal to 

where ~ 
1 

is its mean decay length and yi its decay position. To cal

-o culate the K at y in the chamber, we define in Fig. 19 the trajectory 

of the K
0 

in FID1 
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B 

A- point of K
0 

entry into 
fiducial volume FID1, 

l 

B - point of exit from FID1, 
I 

. ·-· ·- - --
y - coordinate along beam '> 

direction (very nearly I 
same as 82" chamber FIDl 
TVGP y-coord.) -·------ --*-

u - coordinate along K
0 

Fig. 19 Ko . traJectory. 
line- of-flight. 

K 
Then the probability, P plate, of having' a K 0 state of momentum P atu 

is, using (16), 

R 
p _plate _ P- (P __:[_) 

- K • cos e ( 24) 

where y = u cos e. 0 
Each K

1 
decay is so propagated through the chamber 

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

point P plate = 0. 

ii) The K
0 

amplitude produced in the liquid hydrogen. There are two 

assumptions we make to simplify the calculation: firstly, we assume that 

the R0 
production angular and momentum distributions are the same in 

K-Pt and K- p collisions; and secondly, that the K~ decay distribution 

is the same as the K 0 
production distribution. 

R 
We are then able to utilize the calculated P plate distribution in 

Y(y) 

( i) above, and numerically integrate its contribution at a point y by 

6 0 + -summing over the "source function'' of ET K
1 

-+ TT TT decays upstream 

of y in the chamber. Specifically, 

K 
p LH2 = 

Y(y) 

y 

~ J p7(y")dy" 

K 
p plate 

y (y-y') 
w-K 

dy' (25) 
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where p 
6 

(y} and p 
7

(y} are the K~ decay distributions, corrected for 

. -o -o 
scanning losses, of hydrogen produced K and plate produced K , 

-o o respectively. Note that we have taken care of the K loss due to K 
K 

regeneration in the platinum by renormalizing Pyplate(y} by WR 1 . 

N~glecting the y-dependence of p 6 (y} and p 
7

(yl, and noting that 

Kplate 1 3 -y /'A . KLH2 Py (y}- 4 + 4 e , the behavior of Py in y is roughly 

KLH 1 3 
PY(y} 2 - 4 y + 4 'A 

Finally, the total spatially dependent hyperon contribution from K
0 

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

R R 
P plate + P LH2 

y (y} y (y} 

-o weighted, of course, by the K p hyperon production cross section and 

the density of liquid hydrogen, and integrated over the K 0 
momentum. 

That is, the number of hyperons in a region dy at y produced by K0 p 

collisions is 

R oo -

dNy 1 { Kplate dY (y) dy = dy O dPK Py (y) 

hyperons/em. (26} 

·.•. This quantity is shown plotted in Fig. 21. 

As a check on the validity of the above calculation of the spatial 

·distribution of hyperons arising from K 0
p interactions, we have per

formed the same calculations for the Ap interactions using an assumed 

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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Distribution of Hyperons from 

Ap interactions (a:T=35.0 mb) 
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Figure 20. Calculated spatial distributions of hyperons 
produced in i\.p interactions assuming that 
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aT(i\.p) = 35.0mb at all momenta. This calculation 
computes the i\. flux through each slab of LHz, dy, 
perpendicular to the beam direction, as the sum 
of the mean decay lengths of all i\. decaying in that 
slab dy, 
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Figure 21. Calculated spatial distribution of hyperons 
produced in K 0 p interactions using the inclusive · 
hyperon production cross section given in this 
Section. 
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Distribution of Hyperons from 

Ap interactions (17T=35.0 mb) 

o~~~~~~~==~~~~~~==~ 
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Figure 2?. Calculated spatial .distributions of hyperons 
produced in 1\.p interactions assuming that 
aT(l\.p) ~35.0mb at all momenta. This calcula
tion has separated the contribution from plate
produced and LH2- produced 1\. hyperons. 
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Figure 23. Bin-for- bin subtraction of the calculated 
hyperon distribution in Figure 22 from that 
distribution in Figure 19. 
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liquid hydrogen contribution, and the calculation performed above in 

Eq. 23, is shown as a function of y in Fig. 23. For 78 degrees -of-

freedom, the chi- squared for the consistency of these calculations is 

78.64. We conclude that the determination of the K 0 
amplitude is 

adequate. 

The second method of calculating the hyperon distribution arising 

from .L\p interactions can be readily employed to examine the incident 

A momentum dependence of the resultant hyperon distributions. 

Accordingly, we have chosen five bins in A laboratory momentum, 

(a) 1.0 < P A (GeV/c)'< 1.5 

(b) 1.5 <PA (GeV /c) < 2.0 

(c) 2.0 <PA (GeV /c) < 3.0 

(d) 3.0 < PA (GeV/c) < 5.0 

(e) 5.0< PA (GeV /c) <10.0 

and performed the calculation for each separately. These results are 

shown in Fig. 24(a~ e). In addition, the hyperon distribution arising 

from A produced by changed particle interactions in the liquid hydrogen 

(predominantly K- beam track) is shown as (f) in Fig. 24. The above 

distributions are very useful in extracting the momentum dependence 

of the .L\p total cross section. 

3. Hyperon Event Count Calculations 

- :!: ± 
All A-p1T and~ ._ n1T decays from event types 17,31,32, and 37 

are counted as hyperons. Further details of the hyperon counting pro-

cedure are given in Appendix VIII. The resultant experimental distri-

bution of hyperons in the 82.,.inch hydrogen bubble chamber is shown in 
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Distribution of Hyperons from 

120 Ap interactions (uT=35.0 mb) 

t as function of A momentum 
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Figure 24. Calculated hyperon distributions as a function 
of incident A momentum, curves (a) through 
(e), for A produced in the platinum plate, and 
assuming a (Ap) = 35.0 mb. Curve (f) is the hyperon 
distribution 'lfor A produced in the LH 2, and is averaged 
over all A momenta. 
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Fig. 25. The total calculated hyperon distribution is in Fig. 26. 

4. The Inclusive Hyperon Production Cross-Section in K 0 p Collisions 

A rough approximation to the inclusive hyperon production cross 

section, aK, is afforded by the difference 

- + 
aK = aT(K p) - aT(K p) - a cex(K p) 

which subtracts out all those channels in K- p not leading to hyperons, 

including the charge exchange reaction not allowed in K+ p. 

The above difference is very well measured, 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 

M · 43 · ld" B . F. 2 7 o rr1 son, y1e 1ng curve 1n 1g. . 

A third alternative is that, below single pion threshold in the KN 

system, we may take 

aK = aT(K- p) - a 
1
(K- p) - a (K- p), 

. e cex 

while above threshold we take the difference 

We have used this third estimation in the present calculation of the total 

cross section. It is the same as the first except at lower momenta 

-o . ·where our K flux 1s small; the second estimation evidently suffers 

from a failure to add up all the relevant reactions, some of which are 

not easily available over such a broad spectrum inK momentum. 

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 chamber, Fig. 25, 

reveals the expected exponential fall-off in the forward part of the 

chamber, and the nearly flat distribution in the downstream half of the 

chamber. For comparison, the sum of the calculated hyperon distribu

tions from .1\p and K 0 p interactions is displayed in Fig. 26. A bin-for-

bin subtraction of this calculated hyperon distribution from the experi-

mental, assuming 

<JT (.1\p) = 35.0mb 1.0-10.0 GeV /c, [1st approximation] 

yields the discrepancy distribution of Fig. 28. We infer a total cross 
I 

section smaller than the first approximation value above by virtue of the 

deficiency of experimental events in the forward region of the chamber. 

·The rather narrow structure of this deficiency in y indicates, upon in-

spection of Fig. 24(a-e), that the total cross section is smaller at lower 

momenta. 

A more quantitative estimation is obtained by the following calcula-

tion. Let ~(y) be the discrepancy distribution of hyperons (Fig. 28), 

[
. dNY ~ [ dNY J 

~(y) = """d'Y (y) - CIY (y) 
expVl calc. 

let 

N = number of bins in y 

<J(y)= error on calculated hyperon distribution 

and 

fk(y)= calculated distribution of hyperons for some A momentum 

bin, k. 

That 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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Figure 25. Experimental spatial distribution of all hyperons 
observed in the 82-inch hydrogen chamber, corrected 
for all experimental efficiencies and SU(2) branching 
fractions to undetectable hyperon decay final states. 
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Figure 26. Total calculated spatial distribution of hyperons 
from 1\p and K 0 p interactions, sum of the distributions 
in Figures 19 and 21. 
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Figure 27. Inclusive hyperon production cross section in 
K 0 p interactions over the momentum spectrum of the 
Kf decays in this experiment. The curves A, B, 
and Care estimations described in the text. 
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where the ak are coefficients to be adjusted as corrections to the 

assumed O'T(.L\p). 

The error O'(y.) on the discrepancy distribution 
1 . . 

D.(y.) 
1 

dNexp 
= dy (y.) 

1 

dNcalc 

dy (y.) - Ei 
1 

is just given by 

2 2 2 
a(y.) = oE. + oC. , 

1 1 1 

c. 
1 

since the experimental and calculated hyperon distributions are inde-

pendent. Both o E. and o C. have statistical contributions from the 
1 1 

hyperons and the V
0 

decays observed, respectively, and systematic 

·errors from t~e scanning efficiency determination. A derivation of 

o E. and o C. is given in Appendix VIII. For a good guess at O'T(AP), 
1 1 

. 2 r 

the X will be near minimum, and 

ak-::: 0, for all k. 

We will iterate the estimation of O'T(Ap) by adjusting the ak such as to 

. . . th 2 
m1rum1 ze e X • 

In the least squares sense, the minimum in x2 
is given for those 

~ such that 

0, for all k . 

.These k equations are 
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; ak fk(yi)] fk(Y) 

a2(y.) 
= o, for each k. 

1 

Direct inversion of this kX k matrix to obtain the k coefficients ak 

is not desirable since the error on the theoretical distribution, a(y), 

is dependent upon the ak. Approximately solving for each ak, we 

obtain 
(fk(y.) 

\.1 1 

L ' 2 
.C-..J

1
1 a (y.) 

1= \. 1 

'N 

2: 
i= 1 

\' a. f.(y.~1 LJ JJ 1 

j:fk 

Such a form is suitable to an iterative solution. 

Since the a. on the right-hand-side are not known, these equations J . . 

can be iterated from some initial values, such as a. = 0, all j. 
J 

These coefficients ak are strongly correlated, as is evident from 

Fig. 24. Consequently, we have found it prudent to iterate these 

equations many times (50 is sufficient) in order to obtain stable solu-

tions. 

An iteration such as the above to nullify the discrepancy deviations 

of Fig. 28 leads one to the estimate that 

aT = 23.94 mb 1.0 < P A (GeV /c)< 1.5 

= 24.28 mb 1.5::::: PA (GeV /c)< 2.0 
[Znd 

= 26.62 mb 2.0 < P A (GeV /c)< 3 .·o 
Approximation] 

= 32.11 mb 3.0<PA(GeV/c)< 5.0 

= 37.72 mb 5.0 < P A (GeV /c) <10.0 
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The behavior of the coefficients ak is shown in Fig. 29, and the re

sultant discrepancy distribution is shown in Fig. 30. Since the LH
2 

contribution to the hyperons from Ap interactions (curve (f) of Fig. 24) 

has been averaged over all A momenta, this procedure must be repeated 

to obtain a 3rd approximation Uf?ing the 2nd approximation values of (45) 

as input. In practice, we stop here with 

aT = 23.61 ±: 6.8 mb 1.0 1.5 GeV /c 

= 24.46 ±: 6.8 mb 1.5 2.0 GeV /c 

= 29.24 ±: 6.6 mb 2.0 3.0 GeV /c 

= 32.12 ±: 8.0 mb 3.0 5.0 GeV /c 

= 36.09 ±: 8.0 mb 5.0 10.0 GeV /c 



-64-

0.5 

t 

,. 

XBL 747-1259 

Figure 29. Iterated coefficients ak, X? fitted fractional 
corrections to the assumed total cross section. 
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Figure 30. The experimental minus the calculated hyperon 
distributions for the fitted Ap total cross section. 
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Ap Total Cross Section 
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Figure 31. The l\.p total cross section as measured in 
this experiment. 
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Section IV. Inelastic Scattering 

A. Single Pion Production: The Reaction Ap --+ L:p'TT. 

The cross sections for the single pion production reactions 

A P .... L: - p'TT + (27a) 

. + -Ap _.:·L: p1T (27b) 

are given in Figs. 3 2a, b. Superposed on each cross section is a rela-

tively well-measured nucleon.;..nucleon cross section at the same center-

of-mass momentum for comparison. We observe that to a fair approxi

mation the Ap- L:-p'TT +cross section is a constant multiple, r = 0.18, 

of the pp- np'TT + cross section from threshold to 10.0 GeV /c. Similarly, _ 

.,.the Ap--+ L:+ p1T- cross section is equal to roughly 70 to 80 percent of 

the np-+ pp1T cross section throughout our full momentum spectrum. 

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

Ap .... L:- D.++ 

+ 0 Ap .... L: D. . 

(28a) 

(28b) 

The (p'TT) invariant mass distribution in the reaction Ap--+ L:- p1T + indi

cates strong D.++ production; indeed, roughly half of the events proceed 

··through the quasi-two-body process [Eq. (28a)]. There is little evidence 

of D. 
0 

production in Ap --+ L:+ p1T-. Detailed fits to these mass distributions 

were performed employing a siinple combination of Lorentz invariant 

. phase space for the process Ap--+ L:p'TT and a p-wave Breit-Wigner for 

the D.
1236

. Invariant phase space was calculated according to 

Hagedorn, 
44 

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 ,JS, then the 
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5 

Ap ~ r-p1T+ 
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3 + 
2 r·u(pp-+nptr+) 

,J r - 0.181 

/. 

4 

3 

XBL 747-1113 

- + Figure 32. (a) Cross section for the process i\p --~ prr 
superposed is a constant times the cross section for 
pp-+- nprr. (b) Cross section for i\p-+- ~+ prr-; 
superposed is the cross section for np-+- pprr·referred 
to the same center-of-mass momentum. · 
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total phase space in these fits is taken to be 

N 

P(M)dM = L P(s. ,M)dM. 
1 

i:=t 

(29) 

The Breit-Wign~r form taken for a p-wave decay of a resonant state of 

mass MR and width rR is 

-'TT 
r /2 (30) BW(M) = 1 

where the width is taken to be 

2 2 2 
p /(p + m ) 'TT 

( 31) 

with pR the center-of-mass momentum i:n the resonant decay of mass 

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

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

~ 1385 and 1236,110 for .6.
1236

. The results of these fits are the solid 

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. 

In Table 6 the fraction of the total number of events i11 that channel 

attributable to 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 

Reaction 

Ap -~-p'TT+ 

+ -
Ap -~ p'TT 

, I 

Threshold:SP A(GeV /c)~10 _ 3 ~PA (GeV /c)~ 5 

Resonant 
Breit-Wigner fBW fPS fBW fPS 

.6.++_.p'TT+ 0.55±0.13 0.45±0.13 0.52±0.12 0.48±0.12 

0 -
.6. - p1T 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 (p'TT+) mass distribution in 
the reaction .1\p .:.~-p'TT+; (b) the (pn-) mass distribu
tion in the reaction .1\p --. ~+ p1T; (c) the (p'TT), (d) the 
(p'TT-), (e) the (.1\'TT-), and (f) the (.1\'TT+) mass distributions 
iri the reaction .1\p--+- .1\p'TT+'TT-. 
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Figure 33B. The same mass distribution fits as in 
Figure 33 above, except that only .L\p :.... Ap1T-+1T
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-+ ~prr are given below, averaged 

over two regions of A momentum; from threshold to 10 GeV /c, and 

from 3 to 5 GeV jc. The corresponding momentum-averaged resonant 

production cross sections for Ap-~.6. are also given. 

Threshold::::: P A (GeV /c) ::::::10 3:::::: P A (GeV /c) ::::::5 

(a (A p -- ~- prr + ) ) 1.50 ± 0.12 mb 2.40 ± 0.9 mb 

- ·H a (A p -- ~ .6. ) 0.82 ± 0.20 rnb 1.25 ± 0.32 mb 

(a (1\. P _. ~ + p1T- ) ) 1.00±0.15mb 1 .40 ± 0 .80 mb · 

+ 0 a (1\. P - ~ .6. ) 0.08 ± 0.16 mb 0.0 ± 0.23 mb 

Dalitz pl:ots for the reactions Eq. 47a, bare given in Figs. 34a, b. 

The kinematic boundaries of these Dalitz plots are, of course, not 

well-defined in this experiment for any ensemble of events since the 

incident beam is a spectrum in momentum. Any analysis of the Dalitz 

plot would require a careful normalization of the density in each rrias s 

cell dm
1 

dm
2 

according to the incident A momentum spectrum. 

A single pion exchange ·analysis in the Jackson frame at the p1r.6. 

vertex indicates that the pion exchange features of the reaction 

1\.p- ~- .6. ++ are similar to those of pp-+ ~ ++ at similar momenta. 

1+ 
Although neither reaction satisfies well the expectations of 0-, . 2 
p-wave scattering at the p1T.6. vertex, where the angular dependence is 

llJJ(a, <j>) 12 = constant ( 1 + 3 cos 
2 a), (32) 

both reactions display very similar behavior in their Gottfried-Jackson 

(a) and Treiman-Yang (<j>) angular dependences, Figs. 35b,c and 

Figs. 36a, b. The t - distribution for these events displays the dis-

tinctive forward peaking expected from one pion exchange, Fig. 3 Sa. 
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Figure 34. (a) Dalitz plot for the reaction Ap ._ ~- p1T-+. 
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Figure 35. (a) Momentum transfer· squared distribution of 
A to ~ in the reaction Ap-. ~D- 123 . (b) Jackson 

angle in the Jackson frame at the p'IT:& vertex; 
(c) the Treiman- Yang angle at the p'IT D. vertex. 
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Assuming that the reaction ( 28a) proceeds entirely by single pion 

exchange, and noting' that the SU(3) A~TT coupling is purely symmetric 

whereas the NNtr coupling is a linear combination of symmetric and anti-

symmetric SU(3) couplings, an examination of the relative reaction rates 

for the processes in Fig. 37a, b yields a measure of the ratio of symmetric 

to anti-symmetric coupling at the NNtr vertex. The relative rates are 

given by 

- ++ a (Ap- ~ !:::.. )TT exch 

++ a (pp - n !:::.. ) TT exch 

= 2 ( 1 - f) 2 
3 (3 3) 

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. 3 2a, 

r = 0.18 ± 0.05 
2 2 

= 3 ( 1- f) , (34) 

whence 

f = 
F = 0 .48 ± 0 .0 7 . ( 3 5) F+D 

. 49-51 
This value is consistent with other determinations of this quanhty. 

SeeFig. 38. 

The baryon-pion mass distributions in the reactions of relation(33) 

are very similar. The (nTT +) and (ptr +) mass distributions from an ex

periment studying the reaction pp-+ nptr + at 4.0 GeV /c 
46 

are displayed 

in Fig. 39. The dash-dotted line on the (ptr +) mass distribution is the 

sum of 50 percent t:::..
1236 

Breit-Wigner and 50 percent phase space. 

Their measurement of the fraction of Breit-Wigner is 0.50 ± 0.02, in 

good agreement with our fraction of 0.55 :l: 0.03. One reviewer, 

S. Nilsson, 47 has stated that the production of!:::..++ in about 50 percent 
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Figure 36. (a) Cosine of the Gottfried-Jackson angle in 

the reaction pp - nb,+-f at the prrb. vertex; (b) the 
Treiman- Yang angle at the pTTb. vertex. (c) and (d) are 
the backgrounds under the distributions of (a) and (b) 
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Figure 37. Single pion exchange diagrams presumed to 
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of the events is a general feature of inelastic pp interactions. For 

direct comparison, our (L -1T +) and (plT +) mass distributions are shown 

in Fig. 40. 

The same comparison can be performed with our measurement of 

the Ap-+ L+ !).
0 

cross section and data for the np-+ pb.
0 

reaction. How

ever, the low SU( 2) production probability for !).
0 

provides for only a 

weak comparison due to both large statistical fluctuations and uncer-

tainties in the fitting of the mass .distributions, as is already evident 

from Fig. 33b. 

B. Double Pion Production: The Reaction Ap -+ AplT + 1T-

The eros s section for the two pion production reaction 

+ -Ap 7 Ap1r 1r (36) 

is displayed in Fig. 41, in which the solid curve superposed is a repre

sentation of the np -+ nplT + 1T- eros s section obtained from the litera

ture. 
50

' 49 ' 53 We observe that the .L\p 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 

(3 7) 

in both measured charge states of the L 
1385 

and A
1236 

decuplet baryons. 

This is evidenced by inspection of the (.L\1T) and (plT) invariant mass dis

tributions in Figs. 33c, e for the (.L\1T-) (plT +) combination and in 

Figs. 33d, f for the (.L\1T +) (plT-) combination. Triangle plots for both 

combinations are displayed in Figs. 42a, b. Fits of these mass distri-

butions to a sum of Lorentz inv~riant phase space and a p-wave 
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-t -Figure 41. Cross section for .L\p ...... .L\prr TT from threshold 
to 10.0 GeV /c. Superposed is the cross section for 
two pion production in np scattering, np ...... nprr-+rr-. 

' :I 



0 0 'i j v ~.~ 3 0 0 • 

> 
Cll 

:::::11 

0 
~ 

......... 
Ill .-
r:: 
Cll 
:> 

roil 

",., -; 0 8 

-83-

40 

30 

20 

' -+ 
1: 
~ -Ill Ill 
Cl ::s 

XBL 747-1110 
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Figure 43. p1T mass distributions for the reactions 
(a) 1\p-+ ~1 385 p1T+ and (b) .1\p-+ ~1 38 p1T-. Curves 
shown are results of fits of these data ro a sum of 
phase space and ~ 1236 production (upper curves). 
The lower curves represent phase space alone. 
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Figure 43B. Same as Figure 43, .except only incident A 
between 3 and 5 GeV /c used in the fits. 
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Breit-Wigner for the ~ 1385 and .6
1236 

resonant states have been per

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- Wigner. 

Numerical results are given in Table 7. 

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

Threshold~P A (GeV /c)~10 3~P A (GeV /c)~S · 

Reaction 
Resonant 

Breit- Wigner fBW fPS fBW fPS 

+ -Ap-+ApTr Tr 

++ .6 .... pTr + 

~~385 .... ATr 

0 -.6 .... pTr 

+ + 
~1385 .... ATr 

0.44 ± 0.10 

0.31 ± 0.07 

0.18:±0.12 

0.21 ± 0.06 

0.56±0.10 0.23±0.17 0.77 ± 0.17 

0.69±0.07 0.27 ± 0.09 0.73±0.09 

0.82±0.12 0.04 ± 0.17 0.96±0.17 

0.79 ± 0.06 0.20±0.08 0.80 ± 0.08 

A cut was made on the narrow and well-defined ~ 
1385 

resonance in 

the above events, and the resulting sample was fit for the fraction of .6 

resonance present. The results of these fits are given in Table 8 and 

Figs. 43a, b. 

Table 8. Results of the fits to .6 Breit- Wigner and 
phase space in the reactions Ap-~ 1385pTr. 

Reaction Resonant· Threshold .. 
Breit-Wigner ~PA(GeV/c)~10 3 ~Pi\(GeV/c)~5 

. - + ++ + 
Ap-~ 1385pTr .6 -+pTr 0.66±0.18 0.34±0.18 0.55±0.20 0.45±0.20 

+ - 0 - . 
Ap-+~ 1385pTr .6 -+pTr 0.01±0.25 0.99:~=0.25 0.12±0.28 0.88±0.28 

The momentum-averaged Ap- ApTr+Tr- 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 ~p 1\. (GeV /c)~10 3 :S; Pi\. (GeV /c) ~ 5 

+ - > (a (1\. p -.. 1\. ptr TT ) 3.48 :+- 0.28 mb 5.09 ±1.0mb 

- ++ a (1\. P -.. 1\. TT D. ) 1.54 ± 0.40 mb 1.20 ± 0. 70 mb 

+ 0 a (Ap -Atr b. ) 0.62 ± 0.40 mb 0.20 ±1.0mb 

- + a (Ap -~ 1385pTT ) 1.10 ± 0.30 mb 1.40 ± 0.50 mb 

.f -
a(Ap-+~1385ptr) 0.72±0.25mb 1.0 ± 0.4 mb 

- ++ a (Ap -~ 1385D. ) 0.7 ± 0.3 mb 0.76 ± 0.35 mb 

+ 0 
(1\.p -~1385b. ) 0.0 ± 0.7 mb 0.12 ± 0.35 mb 

The (1\.TTTT) and (ptrtr) mass distributions, Figs. 44a and 45a, contain 

some structure at low mass. The solid curves represent the invariant 

phase space available to the (1\.TTTT) and (ptrTT) systems. The strong pro-

duction of ~ 
1385 

and t::.
1236 

resonant states determined above may sug

gest, however, that this structure is due in part to kinematic reflections, 

that is, one high baryon-pion mass combination necessarily constrains 

the other baryon-pion combination to lower masses by energy conserva-

tion. These reflections are not completely understood even in high 

statistics nucleon-nucleon interactions. In addition to this kinematic 

effect, there is another due to the circumstance that the 1\. beam is 

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

just above the kinematic threshold, all mass combinations are near 

their minimum mass. We have removed events induced by low mo

mentum A, accepting 1\.p-+ Aptr + TT- events only for incident A above 

3.0 GeV /c. The same distributions of baryon-pion mass, Figs. 46a 

and 4 7a, reveal considerably less structure. 

i 
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Figure 44. The (.L\Tm) mass distribution 
for (a) all events for the reaction 
Ap-+ .L\pTT + TT-; (b) after a cut on the 
(A TT) rna s s at ± r ( = 3 4 MeV) ; 
(c) cut at± r/2. 
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Figure 45. The (pm'r) mass distribution 
in the. reaction Ap -+ .L\pTT+TT- for 
(a) all events; (b) cut on (prr) mass 
at ~ r ( = 110 MeV); (c) cut at ± r/2. 
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Figure 47. The (p1T1T) mass distribution 
in the reaction Ap-+ ApTT+TT- for A 
momenta above 3.0 GeV /.c. 
(a) through (c) have the same 
meaning as in Figure 45. 
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These distributions have been examined for Arm and pmr states 

which decay to ~ 1385rr and .t:.
1236

rr, respectively. The motivation for 

such a search is to ascertain if a strange analogue to the Roper res-

onance, observed in Nrr and Nrrrr systems, exists. If it does, the re-

quirement that it be diffractively produced with the same quantum num

p 1+ 
hers as the A, I(J ) = 0("2 ) , demands that this strange Roper be pro-

duced with a nearly constant cross section, and hence exist in the data 

at higher A momenta, and that it decay to at least a (Arrrr) system, since 

a (Arr) system cannot be isospin 0. Two different selections on the (Arr) 

and (prr) mass spectra have been made: the first accepts baryon- pion 

mass combinations within one resonance width of the ~ 1385 or .t:.
1236

, 

'Figs. 46b and 47b, and the second accepts combinations within one-half 

width, Figs.' 46c and 47c. These latter mass distributions show little, 

evidence for any structure. There is meager evidence for a state at 

, M(Arrrr)::::: 1660 MeV, but it is by no means compelling. We do not ob-

, serve the Roper in its decay to .t:.rr (branching ratio = 0 .16) at a mass 

M(prrrr)::::: 1400-1470 MeV. 

In addition to the mass distribution analyses of the preceding para-

graphs, we have examined the hypothesis that the reaction 

Ap _. ~ 1385.D.1236 (38) 

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

and Trieman- Yang angular dependences at the prr.t:. vertex, Figs. 49b, c, 

agree reasonably well with this hypothesis. Indeed, with the exception 

of the datum at cos a:::::- 1.0, we observe that the experimental distri-

butions follow clo'sely the expected ones 
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Figure 48. Single pion exchange diagrams in the 
reactions ~p ~ ~ 1385~1236 and 

PP ~ ~1236~1236" 
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I4J(cosa) 1
2 

ex: 1 + 3cos
2

a (3 9) 

and 
I4J ( <jl) 1

2 
ex: constant . ( 40) 

The Jackson and Trieman- Yang angles at the A1r~ 1385 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 kinematic minimum), t' = t - t . , is peaked near 
m1n 

t' = 0 as expected. This pion exchange reaction is kinematically farther 

from the pion pole than reactions 48 a, b. Since the pion propagator de-

pends on t as 

pion propagator ::::: 
1 

2 , 
t- m 

1T 

( 41) 

and m 2 ::::: 0.02 GeV
2 

is quite small, the differential cross section for 
1T 

this pion exchange process is large near the minimum t. ln elastic 

scattering of, say, nucleons the minimum momentum transfer, t . , 
m1n 

is 0, whereas in np charge exchangJ'
3 
tmin is non- zero but very small. 

In i\p- ~0p, tmin is also quite small, in Ap- ~-6++ tmin is large, 

and in 1\p -~ 13856 1236 ,tmin is still larger. 

For the process J\p-~ 13856 1236 we display on Figs. SOa,b the 

cos e* and t' angular distributions as a function of incident A momentum. 

In this section, we have found similarity between the momentum 

dependence of the s,ingle pion production reactions in A- nucleon and 

nucleon-nucleon interactions, 

Ap- ~1T 

Np- Np1r. 
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Figure 49. Single pion exchange features of the 
reaction Ap-~1385 .6. 1236 : 
(a) the t' distribution; (b) the 
Gottfried-Jackson angle; (c) the Treiman- Yang angle. 
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Figure 49. (d) The Jackson angular distribution at the 
Arr~i385 Vertex; (e) the Treiman- Yang angular 
distribution at Arr~ 1385 vertex. 
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The double pion production reactions 

Ap-+ ApTTTr 

Np-+ NprT1T 
. .... .. 

also have similar behaviors from kinematic threshold to 10.0 GeV /c. 

The Ap reactions appear to be dominated by single pion exchange, and 

production of ~ 1385 and .6.
1236 

states. 
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Section V. Poorly Constrained Reactions 

A. Introduction to the Problem 

This section analyzes ensembles of events in zero- and one-con

straint multi vertex fits from SQUAW. 55 Our attention to this problem 

arises from the desire to measure the 1-constrai·nt/2-vertex56 production 

reaction 
0 

1\p-!: p, (42a) 

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

l\p- Aprr
0 

(OC/1 V) 

Ap - Amr + (OC/1 V) 

(42b) 

(42c) 

and even 

1\p- Ap (1C/1V) . (42d) 

We commence by reviewing what SQUAW does in a zero-constraint 

situation such as reaction (42b). 

For a given set of (well-) measured physical quantities, m., from 
J 

TVGP, SQUAW first finds somefirstapproximationstartingvalues, X., for 
' J 

allparticles at a vertex, using energy-momentum conservation and the m .. 
' ' J 

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

tion yield the best fitted values, Xj' subject to the errors on the mf Be

cause the conservation equations are non-linear, the equations are 

iterated in the sense that the output values (Xj) from one interaction are 

the input values (X.) to the next iteration. 
J 

A kinematic solution is found if 

FSUM = !: I f. I < E 
i 1 1 

( E 
1 

= 0 .1 MeV) 

and ( 43) 

I 2 -21 X -x <E2' (E 2 ='= 0 .075) 

where f. 
1 

-2 are the constraints, and x is the chi- squared between the 

fitted x. ·and the measured m. on the previous iteration. 
J J ' 
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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 E, i.e. , the approximate value X from the 

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

X' '· X' =X + E ( X -X ) ' 

instead of the value X, which had been found to be unphysical. The 

factor E is initialized at a value - i, and successively reduced by i 
each cut. · A maximum of- 20 cuts are allowed before IF AIL = 20, 21 

(too many total, or successive, cut steps). 

On the first approximation at a zero-constraint vertex, if the values 

X. are not all in the physical region, i.e. the discriminant of the quadratic 
J 

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 

0 55 Ap ... Ap rr ) . · 

Such a measure will obviously not improve a non-physical situation, 

unless other over-constrained vertices in the fit can have their first 

approximation values pulled to such an extent as to bring the zero- con-

straint vertex into the physical region. In the ,case of the OC/1 V 

0 1\p-+ J\p1T , the other vertex is the 3C A-+ prr vertex, which in general 

is well known, and consequently the above measure has a limited chance 

of success. 

For a real Ap-+ i\.prr 0 reaction measured in the film, the fitted 

quantities X. are presumably in, or very close to, the physical region, 
. J 

and only lie outside due to non- zero measurement errors. In such a 
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case where some one of the X. is not physical, it is possible that 
.J 

I 2 -2 I x -x <E 2 

and 
FSUM < E

1
, 

but no physical solution is allowed, and the final status of the event is 

2 . x good, 

FSUM good, ( 44) 

IF AIL = 20 or 21 , 

and the hypothesis is rejected. 

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) 

0 i\p-+ !: p. 

The method of analysis is essentially the same as that technique employed 

in K
0 3~body decay analysis in which one examines the discriminant of 

the quadratic equation gov:e:r.ning energy-momentum conservation in the 

reaction. 

B. Related Problems 

!: decay. 

The reader will remember a similar situation encountered in the 

early days when charged !: were reconstructed in bubble chambers. On 

occasion a charged decay, identified as a !: by bubble density, failed to 

fit the :!: decay hypothesis, and only satisfied momentum-energy con-

servation for a charged K decay. The reason is straightforward. A 

200 MeV/c!: +has a mean decay length of- 200 (2 .4cni) /1190 - 0.4 em. 

The momentum of so short a track cannot be dedu,ced from a .curvature 

. . 

i; 
! 
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measurement, and so the~ decay vertex has four unknown quantities: 

the incident~ momentum and the three-momentum of the missing 

neutral from"the decay. Furthermore, the direction of such a track is 

poorly measured, and the transverse momentum depends on this di

rection, a, and the changec:l secondary momentum, P's. as 

where cos e = a. p . 
s 

(45) 

:::;: 
This quantity cannot exceed the center-of-mass momentum, p

0
, deter-

mined rather precisely by the masses of the particles involved in the 

decay. The condition that 

(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 short charged track, and its direction a is to be changed 

in the plane of the decay so that pT 

Neutral Three-Body K Decay 

One usually separates the K1T
3 

decay mode from both K 1 3 
modes 

on the basis of the variable 

2 
m 

(P'- \ 2 = K (P * 2 
(Y pi +m2 1To 

( 47) 

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

0 + - 0 the decay is K -+ 1T 1T 1T • ln this K1T
3 

decay, the missing transverse 

momentum, PT, and the momentum of the 1T
0 

in the K
0 

·rest frame, 

* * 2 P 
0 

, are such that P T < P 
0 

, hence (P0) >0 for K1T 
3

, but predominantly 
1T 1T 
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negative forK 13 (since PT is larger). A typical distribution of (P0)
2 

is shown in Fig. 51. 

The physical separation is made on the basis of monte carlo simu

lation of the (P0)
2 distribution for given experimental errors on the 

measured particles. 

. 0 
In such experiments one usually has a K

2 
beam produced a large 

distance from the detector, spark chambers, or a bubble chamber, 

and so the angular resolution of the K~ direction is good compared to 

the charged decay prong measurements. The resolution near 

(P0)2 = 0 is - 0.002 GeV
2

, by visual inspection of Flg. 51, 

t::.J (P0)2 = 45.o Mev ;c. (48) 

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

typical momentum error on a charged track. 

C. Reconstruction of Zero- Constraint Solutions 

Suppose in a reaction 

a+b-+c+d+e ( 49) 

h 
. k k k K K. 

w ere a, e are neutral particles, and P = (E , p 
1

, Pz, p
3

) 1s the four
f.L, 

vector of particle k, we define the difference four-vector 

D ~ pa _ pe = pc + pd _ ph, 
f.L f.L f.L f.L f.L f.L 

(50) 

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 

a 
(51) 
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D Df.l = invariant. 
fl. 

Given a direction for the incoming neutral particle a, 

(52) 

a = (a1, a2, a3), the two neutral particle four-vectors must satisfy 

In detail, these equations are 

Jm2 + p2- D 
a · a 0 = 

where e = ( e 1, e2, e3) is the direction of neutral particle 

3 2 3 
2 

1 = L: a. = L: e. 
i= 1 

1 
i= 1 

1 

(53) 

( 54a) 

( 54b) 

( 54c) 

( 54d) 

e, 

(55) 

and P , P are the magnitudes of the three-momenta of a, e. Sub
a e 

stituting the momentum equations into the energy equation yields 

L: D~) + 2P L:a.D. 
1 a 1 1 

i 

The second term on the left-hand side is D n!J., and we define 
ll 

(m 2 - m 
2

) + D Df.l 
a e fl. 

a= 

(56) 

(57) 

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

Then (56) is 
.. 

Jmz_ +F2 . Q' + 2P L: a. D. = zn
0 a 

i 
1 1 a a 

.I 
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or 

(58) 

whence the discriminant is 
I 

. 2 { 2 2 2 2} D = 16D0 a - 4ma (D0 - [~aiDJ ) , (59) 

with units of 6 
[Energy] . 

The uncertainty in D due to measurement errors is approximately 

.. calculated by altering the components of D by one standard deviation 
1-l. 

in measured p, <j>, ~. and computing the variation of the discriminant 

with respect to these quantities, 

an an an 
ap • a<P ·~ 

/ 

Then the standard deviation error on D is taken to be 

where ~p, ~<!>. ~~ are the one standard deviation errors. 

(60) 

With respect to the incident neutral direction, the discriminant 

has a maximum value when the quantity 

~a. D. 
1 1 

is maximal, that is, when the incident neutral direction is the same as 

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

~aiDi J n; + D~ + n; 
and 

( 61) 
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ln K
0 

three- body decay, if one defines D to pe the four-vector 
fl 

sum of the two measured final particles, then (58) and (59) describe 

the kinematics of that decay. 

The quantity analogous to (P0)2 
in K

0 
three-body decay is 

(62a) 

The condition for the existence of a solution is 

z 2:0 ' 

or that 

(62b) 

D. . 0 
Examination of the discriminant distribution for all 1\p ~ 1\pTT fits 

- on the DST, Fig. 52, reveals that D 1\pTTo is strongly peaked near 

= 0, with a long tail extending beyond D 1\pTTo ::::: 3000.0 Gev 6 . A 

finer examination near Di\p 
0 

::::: 0, inserts in Fig. 52, shows TT . that the 

peaking persists down to resolutions in D 1\pTTo of 1.0 Gev6 For orienta-

tion, a rather special class of events was generated in the monte carlo 

sense
57 

to simulate the process 

(63) 

It must be emphasized that this ensemble of events does not represent 

the true ensemble of .1\p ~ApTT 0 events in this experiment. An unbiased 

ensemble of 
0 . .· · .. 

i\p - .1\pTT events has not,_ in fact; been obtained, and 

furthermore the intermediate process in relation (63) does not represent 

all possible processes, nor does the incident A momentum o£ 2.5 GeV /c 

represent the actual spectrum of incident A. Consequently, we may 
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Distribution of DAp7To 

for Ap ..... Ap-,0 fits 

20.0 40.0 

D.Ap .. o (GeV6
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Figure 52. Distribution of the discriminant of the quadratic 
equation for all succes'sfu l SQUAW fits tO. the reaction 
l\p --. l\p1r 0

• Inserts show finer resolution near 0. 
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draw only qualitative conclusions from these events. The discriminant 

distribution for these events is shown in Fig. 53a, and displays the 

preference for a zero discriminant value. Further light is shed on 

this distribution by smearing the z- coordinate of the monte carlo A 

origin as a Gaussian of width a =- 0.5 em, a rough estimate derived 
z 

from the results of Appendix III. The resultant discriminant distribution 

in Fig. 53b reveals a significant spill-over of events to negative values, 

events which are unidentifiable with TVGP-SQUAW. 

We have investigated the hypothesis that 1\p -+ J\prr
0 

events with 

negative discriminant values have been incorrectly identified as 

0 
1\p-+ ~ p events. This hypothesis is a good one, since the events are 

generally low momentum interactions, they usually contain both a 

3-c A-+ prr decay fit and a proton by ionization, and there is some 

kinematic overlapping of these two reactions at momenta from 1- 2 GeV /c 

as revealed by a PHONY program 58 analysis. 

We have calculated the Ap -+ Aprr
0 

discriminant, D Aprro, for 

SQUAW fits to J\p-J\prr 0 and 
0 

1\p .... ~ p hypotheses. Figure 54a gives 

D 1\ 0 for Ap .... Aprr 0 events near 0, which is positive as required; 
.t~prr 

(b) gives DA 0 for45 unambiguous SQUAW fits to 1\p -+ ~0p, in which 
prr 

is seen that, except for 10 events, D 1\prro tends near, but less than, 

0. However, an estimation of the errors on the D J\plTO reveals in 

(c) that only five events are within 1 standard deviation of 0, and in 

(d) that only 13 events are within 3 standard deviations of 0. We are 

justified in assigning some of these 45 1\p-+ ~ 0p fits to the reaction 

Ap-+ J\prr 0 (on the basis of Fig. 54 b). 
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Figure 53. Monte carlo calculation of the discriminant 
distribution for the process .L\p .- ~t385p .-A1T 0 pfor 
(a) no errors, and (b) a mean Gauss1an error on the 
z- coordinate of the A origin of 0.5 em. 
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0.0 
(c) 

Ap-Lop events 

5.0 DAp1ro 
<I 

8DAp1ro 

o.o~------~------~~--~----~----~ 

I 0.0 
Ap- L 0 p events 

DA .o . 
p7T < 3. 

80Ap.,.o 

5.0 

0.0 .....__~ __ __. ............. ~_...._ _ __._ _____ ---'-___ ~ 
-1a~o -10.0 0.0 10.0 18.0 

DAp1ro (GeV6 ) ~ 
XBL 746-3524 

Figure 54. Distribution for the discriminant for the re-
action i\p -+ .L\p1T 0 for (a) SQUAW identified 

.J\p--. J\p1T 0 ; (b) SQUAW unambiguous J\p -+ ~0 p; 
(c) SQUAW unambiguous J\p -~0p within 1 
standard deviation of zero discriminant; and 
(d) same as (c), but within 3 standard deviations. 
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However, precise assigmnent is sensitive to the cut on the number of 

standard deviations, 

( 
D i\p'rro ) 
5 D 1\.JYIT 0 

in which the errors could not be accurately calculated from the informa-

tion stored on the DST. 

Monte Carlo examples of .L\p -+ ~0p indicate that the .L\p -+.L\.p1T 0 dis

criminant is large and negative (Fig. 55) D i\p'rro z ::- 20 Gev
6

; that is, 

examples of .L\p- ~0p seem unlikely to fit the .L\p ..:.. .L\p1T 0 hypothesis. 

The maximum value of the .L\p-+ i\p'rr 0 discriminant, irrespective 

0 
of the origin, Fig. 56, indicates that only 20 out of 45 1\.p -+ ~ p events 

have a maximum D .L\p1To which is positive (4 events are off scale). 

Aside from ~he small errors on the .3- c A decay fit and the TVGP re-

construction errors on the recoil proton track, those events in Fig. 56 

with max { Dllpw 0 } < 0 cannot possibly satisfy the lip- !1pu0 hypothesis. 

The one- constraint chi- squared distribution for these unambiguous 

1\.p- ~0p events in Fig. 57a is not normal. A remeasurement of these 

45 events gave the following results: 

(a) 12 percent do not fit the 1\.p-+ ~0p hypothesis upon remeasure-

ment; 

(b) 18 percent have a one-constraint chi-squared exceeding 5.0 on 

both measurements: 

(c) 11 percent have a .L\p1T 0 discriminant within 1 standard devia-

tion of D = O· .L\plTO , 

(d) 11 percent fit a 4c or 6c 1\p -+.L\p hypothesis; and 
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Figure 57. (a) the 1c/2v chi- squared distribution for the 
reaction hypothesis .i\p-+ ~0 p; (b) the 4c/3v chi
squared. 
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(e) 56 percent are reproducible as unambiguous 0 i\p ._. ~ p 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 events in (a) and (e), we are led to the cross section for 

1\p-- ~0p in Fig. 58. The t' distribution for this process in given in 

Fig. 59. Also plotted is the cross section expected from ~- p ._. An 

data using SU(2) and detailed balance. The analysis of these events is 

still uncertain. 

The present kinematic fitting program SQUAW used mass, inverse 

momentum, azimuth, and dip angles in the constraint equations.·· It may 

be that another set, such as energy and three cartesian components of 

momentum, are more appropriate 54 in a kinematic fit to the reaction 

i\p ._. ~0p. The low momentum photon in the ~0 - i\y decay may strongly 

distort chi- squared space if inverse momentum appears as one of .the 

constraint equations. 

' + 
The discriminant distribution for all SQUAW fits to i\p ._. Amr in 

Fig. 60 displays a preference for Di\nTT+ ::::: 0: A possible approach to 

the resolution of the cross sections for reactions 62b, c might proceed 

along the following lines: 

(a) the discriminant probability distribution may be calculated in 

the monte carlo sense with realistic measurement errors; 

(b) the y-position of the interaction in the bubble chamber gives, 

from the results of Sec. III, the relative probability that this event 

-o was induced by a i\ or K ; 
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+ This experiment 

+ Kadyk, et al., 
NP B27, 13 (1971) 
~-p~ J\n with de-
tailed balance and 
SU(2). 

0 2 3 
P A (GeV/c)-

Figure 58. The cross section for the reaction Ap- ~0p. 
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Figure 59. The momentum transfer squared distribution 
for the reaction A p- "l)> p. 
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Distribution of DAn,.+ 

for Ap-.. Anv+ fits 
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Figure 60. Discriminant distribution for SQUAW fits to the 
reaction Ap -. Amr+. 
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(c) a parameter p may be defined as 

p = t 
t 
max 

0 < p < 1 , (64) 

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 max 
2 = ~ m. S· 

i 1 
( 65) 

Then p might separate events like R?--. A (p ::::: 1) from A --.A and 

K 0
--. K 0 

(p ::::: 0). 

(d) the SU(2) constraint that (Appendix VII) 

holds also for the differential eros s section,· and is, for example, a 

relatively strong handle on the 1T momentum spectrum from these re-

actions. Since the backgrounds for these reactions differ essentially 

due to partial ionization identification of the recoil positive track, this 

constraint may be helpful in estimating the background 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 might say in (a) that the probability of a reaction hypothesis 

is unity if 

Discriminant < 100.0 Gev
6 

and small ::::: 0.1 if 

Discriminant > 100.0 Gev
6

. 
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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 (d), a probability may be assigned in a fit to Ap-+ Ap1r
0 

on the basis of the 1r
0 

momentum in relation to the 1T + spectrum of un-

ambiguous .1\p -+ An1r + fits. Conversely, the neutron in + 1\.p -+ .i\n1T 

must have the same spectrum as the proton in .1\p-+ Ap1r
0

, which is di

r~ctly measured 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 whole 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 

by two groups; Alexander et al. 59 in 1969, and by the Particle Data 

Group at Lawrence Berkeley Laboratory60 in 1970. We present in this 

section .Ap, np, and pp cross sections from 0.1 to 20 GeV jc, excluding 

primarily those data points with very large errors, and consequently 

little information content. 

Below 500 MeV /c the J\p, 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 J\p cross section approaches roughly 

that value given by the singlet and triplet s-wave scattering lengths de-

termined from scattering data in the 100-300 MeV /c range, 

2 2 
aT = rras + 3rrat = 320mb. 

The total and elastic cross sections as measured in the present 

experiment are shown in Fig. 62, while the total 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 

J\p interaction is quite similar to the np interaction, while the low mo-

mentmn. behavior is considerably different in magnitude, if not momentum 

dependence. The same plot as above, but with our data averaged over 

0.4 < P A< 1.2, is displayed in Fig. 65. 

The very high momentum i\p cross section 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 additive
61

, 
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Figure 61. Baryon- baryon total cross sections from 0.0 
to 0. 7 GeV /c. 
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, Ap Total and Elastic 
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Figure 62. The total and elastic 1\.p cross sections as mea
sured in this experiment. 
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Figure 63. The total cross section measurement of Ref. 6. 
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Total and Elastic Cross Sections 
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Figure 64. Baryon- baryon total and elastic cr9ss 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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Total and Elastic Cross Sections 
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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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Total and Elastic Cross Sections 
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Figure 66. All the available l\p data from this ·experiment, 
Ref. 6, and Ref. 60. 



-127-

then one may state that (Appendix VII) 

(66) 

that is, the difference between the .1\p and pp total cross sections is just 

that difference due to the single strange quark, which is exhibited in 

the difference between K-n and 1T f p total cross sections. This rela

tionship is satisfied very well by the data of Gjesdal et al. , whose 

total eros s section is consistent with a constant value of 

O'T = 34.6 :i: 0.41 mb (6 7) 
i 

over their entire momentum range from 6.0 to 20.0 GeV /c. The quark 

result is 
O'T = 35.2 :i: 0.6 mb, (68) 

and is also ,nearly independent of momentum in this range. This relatio:n 

is difficult to test at lower momenta, essentially because there is no 

prescription to account for mass difference effects among the reactions. 

Raiser62 has developed many group theoretical relationships among 

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

his relationships involving incident A hyperons are the following: 

2 {I ( Apl1\i>)l2 + I (~op 11\p) 12 + I (~+n lAp) 12} 2'o I (npl np) 12 (69a) 

2 {I ( ~~3ssP I Ap) 12 + I(~+ L>o) 11"' I (L>0
P I np) 12 

= I (L> + P I pp) 12 
(69b) 

2 I <~~;856 + 1.1\p> 12 + 1<~~3856 o \LW> 12}.> I< 6 o 6 + I np) 12 (69c> 

2 I (~-P" +I 1\p) 12 +I ( ~-~+K+I 1\p) 12 + I ( ;;;:- pK+ 11\p),> I ( ~- P K+l np)l 2 

ln addition, there are two SU(2) relationships: 

<~1385n I A P) 1
2 

= 2 I (~~385p .1\p) I 
2 

(70a) 

2 (~ 0P 1.1\p) 1
2 = I(~+ n I 1\p) 1

2 
(70b) 

Thus relation (69a) can be simplified using (70b). 
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These relationships are, in fact, not very useful, as Kaiser has 

noted. Relations (69) assume the form of inequalities fundamentally 

because the physical A 
0 

state is not a pure U- spin state, as are the 

neutron and proton states. Furthermore, the eros s sections in rela-

tions (69) are very difficult, or impossible, to measure; for example, 

(69a) contains the reaction .1\p .... !:
0

p discussed above in Sec. V, and 

whose cross section is in doubt; relation (69b) contains the reactions 

Ap-+ .L\p1T
0 

and .1\p-+ J\n1T +, both of which are zero-constraint and 

highly ambiguous with other reaction hypotheses (Sec. V); and relation 

(69c) contains the reaction Ap-+ .L\p1T
0

1T
0

, which is unfittable in this 

experiment. Only relation (6 9d) is straightforwardly satisfied, since 

2 a (.1\p... !: - p1T +) :::::: 6. 0 :1: 1. 0 m b 

at 3.0 GeV /c, which is greater than 

- + -a(np .... !: pK ) = 0.025 ± 0.005 mb 

also at 3 .0 GeV /c, without reference to the reactions A p .... !: -!: +K+ 

- + and Ap -+ E: pK 

We will attempt to present measurements of amplitudes in U- spin 

space based upon neutron-proton and lambda-proton cross section mea-

surements. With reference to Appendix VII, the elastic .1\p scattering 

amplitude can be written 

A(.L\p) = (Ap lAp) 1ic 

(70a) 

= 

where a
3 

/
2 

and a
1

;
2 

are the matrix elements for scattering in total 
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U-spin states U = 3/2 and U = 1/2, respectively. Similarly, the np 

amplitude is 

(70b) 

Employing the c;>ptical theorerr1, 

41T = k"" 1ic Im f(s, 0) 

we have 

(71a) 

t = 0 

Trivially, from 70b, we also have 

(71b) 

These quantities are shown in Fig. 67. 

This thesis concludes at this point, probably 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 

polarization and real part of the forward elastic amplitude are too poorly 

determined for precise comparison, we are gratified that. these lambda-

proton reactions we have studied are approximatelyconsistentwith SU(3). 

This of course does not rule out consistency with other descriptions. ln 

. 36 
particular, the Regge-pole model of Kubis and Walters has calculated 

lambda-proton cross sections based upon the nu~leon:-nucleon Regge 

parameters determined by Rarita, et al., 
64 

and SU(3) s~metric coupling 

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

section from 3.0 to 10.0 GeV /c. Our'.dcita:-'-cloes not agree with their total 

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

Further study of the 1\p 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 about 4 GeV /c where most 

of the inelastic channels have already set in. A precise comparison of 

the 1\p and np reactions in this region may reveal features of particle 

exchanges not obtainable in other reactions, since the A is an isospin 

singlet particle, the only singlet (aside from the 0-) available for di-

rect scattering experiments. 

/' 

::· 
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APPENDIX I. Data Reduction 

Introduction 

This note details how, in the lambda-proton experiment, we have 

dealt with the problem 
1 

of getting information from the film, through 

at least three encounters with the scan table, to the selected summary 

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 new 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 im~ge, 2 
the first 8 words, or 80 columns, 

of which compose a card image completely compatible with COBWEB 

input. Events are stored on magnetic tape in binary mode, 32 events 

1 
At 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. 
2In the future, we may 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. !ACTIVE activation - deactivation flag 

2. !ROLL roll number 

3. !FRAME frame number 

4. IKN K number 

5. IBMTKS beam tracks interacting in plate 

6. IBM2 beam tracks, cont. 

7. IORIG origin flag 

8. IET event type 

9. !GRID( 1) first grid 

10. !GRID( 2) second grid 

11. IML(1) master list X coordinate (for first grid) 

12. IML(2) master list Y coordinate (for first grid) 

13. IPNLID Panal tape number 

14. IEXP experiment 

15. IOP scanner, operator 

16. !TIME date 

17. !TIME time 

18. IREJ reject flag 

19. IRNG(1) range 1 

20. IRNG(2) range 2 

21. ITYPSCN type scan (1 or 2) 

22. !CODE indicative data change code 

23. ICHNG new .data to replace old 

24. IC2 scan 1, 2 discrepancy flag 



25. ICH2 

26. ICRR 

27. IDTMS 

28. ISUST 

29. IRMNO 

30. IMP 

31. IORD 

32. IVERS 

33. IPHYSRS 

IFEX(14) 

48. ILOGWRD 

49. IMRKS 

50. ICOMWRD 

-140-

punch flag 

alphanumeric. indicative data and new data 

date measured 

Sioux status 

remeasurement number 

measuring machine 

ordinate number on panal tape 

Sioux version 

physics resolution flag 

fourteen unused storage locations 

update commands for this event (packed) 

accepted marks for this event (packed) 

physicist comments (packed) 

Figure I-1 specifies the locations of each of the above variables in 

the 16-word event image, together with the format, in binary mode. 

Commas are the delimiters between separate pieces of information. 

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

characters, or 12 octal bits. 

2; Scanning and Measuring 

We have chosen a route 3 in which a scanner searches for all event 

types and records only identification information - roll, frame, grids, 

event type, and type of scan. 
4 

This is scan 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 

IIACTIVE I !ROLL !FRAME 

I IIKN IBMTKS 

I4 I4 Iicj> !2 !2 

WORD 1 WORD 2 

IBM2 IORIG lET lET IGRID(1) IGRID(2) 

I4 !2 !4 R4 

WORD 3 WORD 4 

IML(1) INL(2) IPNLID IEXP IOP !DATE 
I I 

I3 I3 IS !2 !2 !5 

WORD 5 WORD 6 

IREJ IRNG( 1)
1 

IR1 G(2) ITYPSCN !CODE ICHNG 
I 

!2 !2 ' !2 !2 !2 RS 

WORD 7 WORD 8 

rcz, ICH2 ICRP 
I 

!2 R7 I1 IS I t---L-----l"-----------11 r~:MS ISUST 

WORD 9 WORD 10 

rRMvD IMP lORD IVERS 
I I 

I1 I3 RS I1 

rPHYSRS 

!4 

WORD 11 WORD 12 

I I 
ILOGWRD [ 

(PACKED) 

WORD 13 

IMRKS 

I (PACKED) 'I...___.--------~ 
WORD 1S 

I 
WORD 14 

ICOMWRD 

(PACKED) 

WORD 16 

Figure !.1 Packing format of event variables in the event image. 
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system by correcting any frame, grid, or event type errors, adding 

ranges, and making a sketch of both the event and beam tracks which 

interact in the platinum plate. 5 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. 

6 These scan data are entered on the COBWEB system teletypes 

in the following formats: 

0142,N231/32 --typical scan 1 entry 

\ \event type 

grid 

frame 

0142, N231/32, CR4, P11 ,GN213, B2, B5, B7 --typical corresponding . \0;\ ~ 'beam ~~:~k~ entry 
. ?rid correction to N213 . 

phys1c1st comment 11 
range put on track 4 

beginning of comment field 

Scan reports such as these, from all scan tables, are deposited on the 

M44 tape, the daily output of the COBWEB system. Program LEO (see 

Section 4) is a trimmed down version of EREDIT (written by B. Albrecht 

for the LBL COBWEB system), which decodes this information and 

constructs the master list event image of Fig. L1. 

3nerived from that employed on a previous experiment, Exp. 76; see 
scanning instructions, TN-150, TN-153. 
4
scanning instructions for Exp. 30, TN-167 

5Pre- scan instructions for Exp. 30, TN-169. 
6General COBWEB teletype Scari 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 (Section'4), 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 

7 read directly into the system and measured. 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 additional task of filling up a track bank with 

beam and outgoing track digitizations on the film plane, calling the 

SCORPIO program to reconstr~ct origins with errors in each view, 8 

and storill;g 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 prop,erly. 

3. Selection of Final Data Sample 

Simultaneous with punching the COBWEB card, a post scart card is 

punched for later use at the scan table where, with SIOUX print-out and 

ionization information, a selective decision9 is made on the measured 

event. Five decisions are po'ssible: 

7Measuring Instructions, TN-171 
8
Neutral Origin Reconstruction in Exp. 30, Appendix III 

9Post-scan Instructions for Exp. 30, TN.:.177 
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accept as an identified reaction, 
or reactions. 

0 0 
accept as a free A or K decay; 

e+e- pair or Kz decay 

remeasure 

reject 

defer 

Physics Resolution flag (PR) 

1000 < PR :::::; 9900 

700 < PR < 709 

401 < PR:::::; 409 
PR = 400 or 
421 < PR < 429 

PR = 440 

This decision is mark- sensed out the post scan card, along with 

other remarks and/or corrections to the event. These mark- sensed 

cards are 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 program 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 events exisint on ti;e SIOUX tape are written onto the DST; all 

SQUAW fits accommodated by the DST are stored on the event record. 

Those CPM1 s fitted by SQUAW and selected by the post- scanner 

have a positive CPM number in the starting location for that fit; all 

other CPM1s have a negative CPM number. 

All events on the DST have a physics resolution flag which identifies' 

the data reduction status of that event record and which is crucial for 

the selection of a complete data sample while data reduction is still in 

progress. 

4. Data Flow of All Scanning and Measuring Information 

The flow of all scan information is in Fig. !.2. Solid lines and 

enclosures denote actual.scan information; dashed lines denote the 

interface between scan information and measurement 'information. 

.. 



-1.45-

Special 
EDIT 

' (LEO) 

Master Lis 
Updating 
Program 
(LIBRA) 

I I 
I _{SiOUX') ~ 
L--~------~-~ 

Figure L. 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) EDITs the M44 tape, decodes the teletype input data, and 

constructs event images: 

b) reads in mark- sensed post scan cards, decodes mark 

numbers and update commands for selection of SIOUX 

TAPE. 

SORT: a) sorts event images by roll-frame. 

LIBRA: a) updates old master list with new events from LEO. 

b) punches out events called real at pre- scan for COBWEB 

measurement. 

c) punches out post- scan cards for later use at scan table. 

d) provision for ad hoc corrections to any event at either 

input or output to LIBRA, e.g., to correct wrong roll 

numbers, types of scan, etc. 

e) checks all incoming events for errors, such as incon

sistencies in input information and allowed ranges of vari

ables. 

The updating procedures are very complicated but essentially they per

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

such as setting the physics resolution flag, accumulating 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

types, 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 I with the exception of a sorting of the PANAL tape after 

the MEDIT execution: 

ost Scan 

FIGURE !.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 t_ape and an updated master list. The following 

transfers of information are made: 
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SIOUX ML DST Location 

(event type) lET ~ D ( 5} 

(PANAL type} JPNLID ~ IPNLID ~ D (21) 

(measure type) JDTMS --?> IDTMS 

(SIOUX status} JSUST ~ ISUST -p D (15} 

(remeasure numbers} IRNNO ~ D (4) 

(PANAL ordinate} JORD -P lORD ~ D (20) 

(SIOUX version) JVERS -p 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: 

FIGURE 1.4 Flow diagram 

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. 

.. 
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In summary, the primary functions are inter- related as in Fig. 1.5. 

Teletype scan 1--------. 
Information 

FIGURE 1.5 Interrelationship of scanning and measuring information. 

The master list is the main depository of information and also con-

trols the disposition of measurement information. Such a centralized 

system has 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 detected within a 

week or two of their origin; because all information 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 the physics resolution 

flag has been employed most thoroughly during these repeated inter-

actiorts 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 3001 s, post-scanned 

events are numbered in the 400' s if they are not to progress further, 

the 700' s if terminal free V
0 

decays, and in the 10001 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- scanner, 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 already seleCted a SIOUX event. 

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

4. Attempted scan card number match failed. 

5. Master list roll-frame number exceed SIOUX roll- frame. 

SIOUX tape must be unsorted. 

6. No match on PANAL tape number. 

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

These codes are further elucidated in the appendix following this note. 

As an example of the strength of this scheme, Fig. !.6 displays 

the disposition of events during remeasurement. RN stands for re

measurement number, and PR for physics resolution. 
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.~ 
Post Scan 1-----~ Remeasurec:I-.(!.-P_R_=_4_0_1~-

RN -+RN+ 1 

RN = 0 

RN = 1 

Accepted 

PR = 700 
or PR = 1010 

= 1020 
= 1030 

Accepted 

PR::: 701 
or PR = 1011 

:: 1021 
= 1031 
:: 104'1 

Deferred 

~ 

Deferred 

(Pi" 440) 

rejected 

Post Scant----~ Remeasures.,.(!>R = 400 + RNj 
RN --RN+ 1 

RN = N- 1 

Accepted Deferred rejected 

.--__,P=R-=---=/~0· o=---+:-::::R::-:N:-::1 [PR ! 44§} J 
or PR = 1010tRN 

= 1020tRN 
= 1030tRN 
= 1040tRN 

FIGURE 1.6 Disposition of events during remeasurement. 

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

through the Post Scan, the fractions to pass 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. Recycling 

This experiment intends to measure cross sections, and to 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. Since the event frequency per 

I · 10 
frame is about 0.35 (for rolls 101-301) as special program SPY was 

written which examines the master list for "frame gaps", ••unfinished 

rolls••, and ''missing rolls." That is, we specify frame gap lengths, 

N ,M (say, = 20 frames), and if inN frames we find no event, or if the 

last event on a roll is not within M frames of 667 (the nominal roll 

length), we print out the rolls, frames, operators, and dates involved. 

We trace down each computer-found gap by comparison with the 

original teletype sheets. ln the past, the vast majority have been found 

to be real and due to several causes: M44 tape was bad or blank on one 

day; M44 tape for that day never read into the master list; roll, or 

parts of it, never scanned at all, etc. A careful list of these gaps is 

made to be scanned or re-entered as appropriate. Beginning in May 

1971, we ceased scanning for the most frequent event types, 6 and 7. 

This greatly reduces the usefulness of the above SPY program. Never-

theless, a very efficient search for lost events can be made by a 

11 program intended for another purpose. The program is a" conflict" 

program which compares one scan against another to determine which 

events were found in common and which w·ere not. The program may 

be modified to check for when N or more 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 

10 
Available as a utility routine, Section 6. 

{iS . Eff' . . . A d' II canrung 1C1enc1es 1n ppen 1x . 
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only, about 300/o 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 event 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 at 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 again or for the first time. There can be no loss of pre-s can 

events. This 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 summary, let us note here one important fact: the data reduction 

efficiency depends almost entirely on the efficiency of getting first scan 

events from the teletypes, off theM 44 tapes, to the master list. Sub-

sequent to this step, the data reduction is independent of loopholes for 

event loss of human error (other than my own software errors in the 

system}. One can randomly skip pre-scan even,ts, loose COBWEB 

cards intended for mea-surement, loose mark-sensed post scan cards~ 

or whatever, but in any case the first scan event image is on the master 

list and will not be lost, and the event 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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those 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 English) 

FILTER 

SELECT 

ANTI-SELECT 

TALLY 

COINCIDENCE TALLY (double coincidence only) 

PLOT 

PUNCH 

SPY 

with one operation per data card; the objects of these operators are all 

50 elements of the event image; the ranges or values of the objects 

follow. A bla'nk card stops the set of filters and operations. 

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 prints out each event 

(subject to the filters), and below the event 

the code number, and in English the meaning 

'i 
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of the code. This particular example will 

interpret the 11 active11 , 11 reject11 , and 

11 physicist comment11 codes, and print out 

the physics resolution flag and the accepted 

marks for the event. 

FILTER, ROLL, 101,200 

Accepts only roll numbers R, 101 ~R < 200. 

SELECT, ACTIVE, 0, 50 
SELECT ,ET, 17,31, 32,37 
S,ORIG, 3, 5 

Accepts only event types 17, 31, 32, 37, and 

origins 3 and 5, for active events from first 

scan (ACTIVE = <j>) and re- scan (ACTIVE = 5 <j>) 
ANTI-SEL, PHYSRS, 330,400 
AS,ET, 30 

Does not accept ( 11 anti- selects11 ) any event with 

physics resolution flag equal to 330 or 400; 

does not accept event type 30, 

TALLY, ET, 17, 31, 3 2, 3 7 
T, ORIGIN, 3, 5 

Counts the number of each event type 17, 31, 32, 

3 7, and also the number of events originating on 

scans 3 and 5. 

COINCID, ET, 17, ORIGIN, 3. 
C, ET, 17, ORIG, 5 

Counts the number of event type 17 originating 

ori, scans 3 and 5. Up to 100 tallies and coin
···\ 

cidence tallies can be made. 
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PLOT, DATE, ROLL, ORIGIN, 3 

Do a plot of the date (abscissa) versus the roll 

number (ordinate), labelling the points by the 

origin flag, and make three (3) copies of the plot. 

The point labels and the number of copies are 

optional parameters. 

SPY, 50, 70 

Check the master list for missing events by 

finding frame gaps of 50 frames or more with 

no events, and unfinished rolls with no event in 

the last 70 frames of the nominal roll length 

(667 frames). The frame gaps 50 and 70 are 

optional. Default values arre 30 and 30 

PUNCH, E T, 3, 9 

Punch out (for COBWEB) all event types 3 and 9. 

(Presumably subject to other filters on roll 

number, remeasure number, punch flat 

(ICH= 2}, etc.) 

Two additional routines are intended for somewhat more specialized 

access to the master list: 

USE 3f: The program USE30 is to Exp. 3~ master list 

as KIOWA is to SIOUX tapes, in the sense that 

each event image is unpacked into the readable 

IDBLK common block array. The user then 

does whatever FORTRAN logic he wishes on 

one pass through the master list tape. USE3;( 
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employs all the operations of SUPER as data 

card input to facilitate subset selection. 

ADHqC: This program is intended to make ad hoc altera-

tions of a master list tape (e.g. to correct roll 

number. type of .scan errors. etc .• or to throw 

a subset of events off the master list). The 

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 Resolution flag 

4. Activation - deactivation flag 

5. Update flag 

6. Reject codes 

7. Operator numbers 

8. SUPER code words 

(For the sake of brevity, the codes 4 through 8 are not included 

in this appendix, but appear in TN -186, Trilling/Goldhaber 

Internal. Technical Note.) · 

1. The origin flag (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 update an existing 

image on the master list but are then de-activated immediately. 

3. The physics resolution flag (IPHYSRS) is intended to be to the master 

list data stream 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 the data re

duction process, the physics resolution flag is graduated mono

tonically. At any point in the process, events of a particular 

category can be isolated for any purpose, e.g. to measure, to 

list, to re-examine events in a particular reject category, etc. 

i 
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PR flag 

T 10 event scanned at table; initialization is 10 origin 
SCAN ! ! 90 

of event image. 

300 

301 

comment 

PRE-SCAN block number ( 1-14) which gives reason for rejection 

1 314 

330 } event declared real at the pre-scan 

400 } event rejected at post- scan (RF = 4 on card). 

401 

409 l event remeasured at post-scan (RF = 3 on card); 

PR = 400 + remeasure number 

421 

429 l 
event rejected after remeasurement (RF =4 on card); 

PR = 420 + remeasure number. 

POST-SCAN 

440 

700 

1010 

1049 

} 
} 

l 

event deferred at post-scan (RF = 5 on card). 

event accepted as ET 6, 7 (RF = 2 on card). 

event accepted (RF = 1 on card; 
PR = 1000 + 10 · (number of accepted marks) 

+ (remeasure number) 

1 EOF on master list tape before EOF on SIOUX 
tape. This cannot be. 

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

3 No match on master list for this SIOUX event. 

4 Attempted scan card numbers match failed. 
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5 Master list roll-frame number exceeds SIOUX 
roll-frame. 

SIOUX tape must be unsorted. 

-
6 No match on PANAL tape number. 

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

4 7 

In principle, the calibration of cross sections depends on every 

detail of the data reduction system. In this experiment, 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 present information and 

all past history for every event. 

Therefore, it is natural to calculate scanning efficiency information, 

at any point in the reduction process, directly from the Master List 

.tape. 

A program was written to conflict Scan 1 events against Scan 2 

events at.any level in the reduction process, i.e., at first scan, pre-

scan, or post-scan, and to count up, for each event type, the number· 

found on Scan 1 only, on Scan 2 only, and in common. 

From these numbers scanning efficiencies are readily calculated. 

Following the analysis of Fett 2 we choose variables 

m. - no. of events found on scan i 
1. 

mij - no. of events found in common on scans i ,j 

mj - no. of events found on scan j. 

.. Making the usual assumptions that each event has an ~ priori probability 

of being found, that this probability is constant for all events, scanners, 

·.times of day, etc., and that each scan is independent, we have an estimate 

·for the efficiency, nj' of the jth scan 
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( II.l) 

The distribution of this estimate can be derived from an assumed binomial 

distribution of m .. (for fixed m.) 
1J 1 

m.! m.j 
= 1 n.1 (1 

m .. ! (m. - m;j)! J 
1J 1 .L 

which has mean 

and standard deviation 

a(m;J·) =/m.n.(l- n.) 
.L 1 J J 

"' 

m.-m .. 
) 1 1J 

nJ (II.2) 

Then the standard deviation in the estimate nj, for mi constant, is 

;
n.(l - n.) = J J 

m. 
1 

(II. 3) 

in terms of the measured number m. and the~ priori efficiency, n., 
1 J 

which we do not know. However, if the deviation of the estimate n. 
J 

from the true efficiency n. is a, then 
J 

where 

a = 

± a (II.4a) 

(II.4b) 
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or, substituting (nj ±a) for nj' 

Then we get 

a= 

) ( n + a)( 1 - nj + a) 
a = ± --~.~J'---------'L---

m. 
l. 

<+ 1- 2nj) ±J<1- 2nj) 2
- 4(mi + 1Hnj -l)nj 

2(m. + 1) 
l. 

so the true efficiency is 

<1 - 2n.) 
J 

J 4m. n. (1 - n. ) + 1 
+ l. J . J 
- ---=-..J12:....,(-m-. -+--~lo~.-.).---

l. 

(II. 4c) 

(II. 4d) 

(II.5) 

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

obtain the efficiency 

(II. 6) 

An estimate of the true number of events is 

(II. 7) 

which has an approximate distribution, from a complicated calculation 

by Fett, with standard deviation 
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(II. 8) 

if m. and m. are large. 
1 J 

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 7, 17, and 30 as a 

function of the 82-inch chamber y-coordinate (very nearly the beam 

direction). These are displayed in Fig. II.l. 

The need for such calculations naturally arose in our measurement 

of the total Ap interaction cross section, described in Sec. III, in 

which the spatial distributions of events are critiGal to that measure-

ment. Inconsistencies between the experimental and calculated A ~ pn-

and KY ~ n+n- decay distributions led us, after many other estimations 

performed 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 displays in 

Fig. II.l are the following 3 : 

ET 7 Scan 1 vs. scan 2 data; every tenth roll from 101 to 301. .. 
ET 17 Scan 4 vs. scan 5 and 6 data; all rolls from 101 to 301, 

and 2250 to 2637. 

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: 



.. 

0 0 . .., ~J J 0 0 tt~ "" .;i 9 ,. • 

-165-

+-(a) ET 7 events with the scanner couunent Sll (possible e e pair) 

were removed from the sample so as not to underestimate the 

+ -scan efficiency':due to possible misidentification of e e pairs 

" by different scanners. This is measured to be a 10-15% effect 

near the end of the chamber; and, 

(b) ET 17 events with the comments P91 to P97, or P194 (flare, 

obscuration problems) were removed from the sample to avoid 

mismatches between 04 measurement failures near the plate or 

the flare and pre-scanned 05 data. 

In the case of kinematically identified states, such as A0 + pn 

K~ + n+~-, the well-known lifetimes allow a precise calculation of the 

spatial distributions of these events from any sub-ensemble. Specifically, 

we have chosen an ensemble of A + pn- decays in the fiducial volume 

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

-76 ~ y(cm) ~ -66 (II. 9) 

3 ~ z (em) < 34, 

weighted each decay by the inverse of the probability to decay in FID 3, 

·and calculated the decay distribution throughout the chamber. The ratio 

of the actual experimental distribution to this calculated distribution, 

nDST, is shown in Fig. 2a. It was found to be insensitive to variations 

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

tween 0.25 and 1.0 GeV/c A momentum. 

Qualitatively, Figs. 1a and 2a are similar, but differ in magnitude 

near the plate, the master list efficiency being the larger. This dif-

ference 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 measured for ET 7 

events by taking the ratio of failed events (9000 < STATUS < 20000) to = = 

all events as a function of the master list grid coordinate. That distri-

bution is shown in Fig. 3a, and peaks near the plate, presumably 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 
0 

P1 = probability of finding an event on scan 1 or scan 2, not 

both 

P2 = probability of finding an event on neither scan 

P3 = probability of event failing measurement, (II.10) 

and 

N1 = number of events found on one scan only 

N12 = number of events found in common on scan 1 and scan 2 

NT = true number of events in film, 

~nd where we have the constraint that 

By these definitions, we have 

N = (Po + ~ 1 ) NT 

(II.ll) 

(II.12) 

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

list efficiency is 

nML = Nl2 
~= 

Po 

Po+ !l 
2 

(II.13) 
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This efficiency is displayed in Figs. la-c, d-f for event types 7, 17, 

and 30. Further, for states such as A+ pTI- and Ap + Ap, one can calcu-

late the spatial distribution of events from an assumed unbiased ensemble, 

compare this with the entire distribution, and determine the efficiency 

variation, or bias. ForET 7, A+ pTI- decays inside FID 3, this DST 

efficiency described above is 

Po + (Pif2) 
nDST = ------- (II.14a) 

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

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

so that P2 ~ 0; then 

where 

Po + (Pif2) 
nDST = ------- (II.l4b) 

(l-P3)FID 3 ~ 0.97 (!!.15) 

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

DST ML 2 ) P2 = 1 - ( n n (1-P3) < - - 1) - P3 • 
FID 3 ML 

n 
(1!.16) 

DST ML Substituting bin-for-bin the values of n , n , and P3 from Figs. 1-3 

·for ET 7 yields the probability distribution of P2 displayed in Fig. 3b . 

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

where this effect is anticipated to be large. An expert scanner was 

asked to look very carefully, and so we do not claim these three scans 

are equivalent. The results are that, of at least 94 events in the first 

sub grid bin, 14 new events we found on this third scan, where or( the · 
' ,. . '',. 

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-- ~ 8.5% 
94 = 

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

usual random miss rate. This is a lower limit, since the 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 ~issed by both scanners 

is as least 0.085±0.030, and very likely as large as 0.235±0.040 (Fig. 3b). 

This effect is surely due to visual obscuration of V0 decay topologies 

by outgoing tracks from K- Pt 195 interactions. This effect is present 

in bins farther downstream to a lesser extent, as seen in Fig. 3b, and 

appears to be negligible near y ~ - 80 em. 
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APPENDIX IIA. Tabulation of Scanning Efficiencies, 
Event Types 7, 17, 30. 

small y; near plate. 

* 
ET 7 ET 17 ET 30 

y(bin) T] +61"] -6y T] +6·1"] --6-rJ T:] +6.Yl -6 TJ 

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 -.061 

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 em. 

.. 
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APPENDIX IIA (continued) 

small y; 
near plate 

nDST ~ST 
(A + p1T -) (Ap + Ap) 

y(cm) n Lln n +Lln -Lln 

-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. .950 .050 .682 .25 -.25 

. ·. -67. .930,. .070 .910 .09 -.23 

-65. .808 .080 .945 .06 -.28 

-63. .949 .100' • 750 .20 -.25 

ET 7 ET 7 

y(cm) p2 flp2 Ps LlPs 

·-as. .235 .040 .141 .020 Referring to · 
equations (10) 

·-83. .102 .040 .069 .010 and (16) in the 

-81. .020 .045 .057 • 010 text • 

-79. -.004 .045 .048 .010 

-77. -.065 .055 .059 .012 

:-75. -.013 .060 .039 .012 

-73. -.055 .060 .022 .010 

-71. -.085 .060 .019 .010 

-69. -.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 

y(cm) 

-8.05+5. -
-70.5 

-60.5 

-50.5 

-40.5 

-30.5 

-20.5 

-10.5 

- .5 

9.5 

19.5 

29.5 

39.5 

49.5 

59.5 

ET 7 

.893 .006 

.926 .008 

.908 .012 

.848 .022 

.877 .024 

.884 .029 

.810 .031 

.789 .039 

.850 . 041 

.780 .046 

.870 .039 

.860 .043 

.829 .044 

.856 .050 

.738 .063 
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-.006 .613 

-.009 .771 

-.014 . 771 

-.024 .863 

-.027 .849 

-.033 .873 

-.035 .794 

-.043 .698 

-.046 .660 

-.049 .889 

-.044 .914 

-.049 .875 

-.051 .944 

-~056 .800 

-.068 .786 

ET 17 

.027 -.027 .832 

.031 -.034 .883 

.036 -.041 .872 

.031 -.039 .839 

.037 -.047 .908 

.036 -.048 .860 

.060 -.077 .891 

.065 -.074 .854 

.065 -.072 .884 

.047 -.075 .885 

.037 -.060 .889 

.047 -.070 .862 

.034 -.081 .903 

.074 -.103 .859 

.089 -.127 .775 

ET 30 

.022 

.018 

.019 

.021 

.018 

.024 

.021 

.025 

.024 

.024 

.024 

.029 

.024 

.034 

.046 

-.024 

-.020 

-.021 

-.024 

-.022 

-.029 

-.025 

-.029 

-.029 

-.029 

-.030 

-.035 

-.032 

-.042 

-.053 

. ' 
' 
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1.0 ~-
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0.8 +t t I 
0.7 T 
0.6 

(a) Event Type 7 (d) Event Type 7 J 

Muter Uet~ 0.5 Muter Uat 

(e•e- removed 

0.4 
1.0 

+ t++ +tt+++t 0.8 -t++++t ++++++ 
+ +t ++ t 0.6 

0.4 

(b) Event Type 17 (e) Event Type 17 

Muter Uet 02 Muter Uet 

nn ·-··--~.~~~-~~~~ 

1.0 

t+ ++ +++t 0.9 ++ +++++++t+t 
tt+t t 0.8 + + . t 

t 0.7 

(c) Event Type 30 (f) Event Type 30 
0.6 Muter Uet Muter Uet 

0.5 
-80 -74 -68 62 -90 -50 -10 30 70 

y(cm) ~ y(cm) ~ 

XBL 7311-1460 

FIGURE II.i 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; figures (d)-(f) are for the whole 
fiducial volume, -85.5 <y(cm) <+ 70.0. 
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0.9 

0.8 

0.7 t-

0.6 I-
(a) Event Type 7 

0.5 H-
0.4L-~-L~--~L-·~~~--~L-~~~--~~-L~~--~ 

t.O...---.---.---.f ~~t~t 

+ 
(b)·· Event Type 17 

DST(Ap-+Ap) 

XBL 7311-1458 

FIGURE II.? Scanning efficiencies calculated from the 
Data Summary Tape for the ensemble of free L\+-plr~<decays 
(a), and for the ensemble of elastic scatters, 1\p~ 1\p, (b). 

I 
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(a) TVGP-SQUAW Failure 

Probability for ET 7 

l l 

I I 

(b) Probability that ET 7 is missed 

by both scanners, P2, Equ. 1' 

--
-0.0~-------+--=-~----4---+-----------~~~--~ 

l 

-86 -80 -74 

y(cm) -+ 

-68 -62 

XBL 7311-1459 

FIGURE 11.3 (a) TVGP-SQUA W 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. Neutral Origin Reconstruction. 

Contents: A. Algorithm for Finding Track Intersections. 

B. Track Fitting. 

C. Vertex Reconstruction. 

D. TVGP Results. 

Appendix III.A Fiducial Referencing. 

I th 1 Ao · t 1 t A.0 t f n e ower energy p expenmen , up o a momen um o 

1200 MeV /c, it was found that the 1- constraint elastic reaction 

A.0 p -+ A.0 p was nearly completely kinematically unambiguous with 

competing topologies. At higher energies, A.
0 

momenta from 1 to 8 

GeV /c, this is hot at all guaranteed to be the case. 
2 

Knowledge of the 

origin of the incident neutral inducing the reaction adds two more con-

straints to the kinematic solution. This note explains how we have done 

that. 

A. Algorithm for finding track intersections. 

The program proceeds as below: In parentheses after each step is 

noted the subroutine which performs the task. The main control routine 

is SCORPIO. 

(a) Calculate trajectories of all COBWEB measured tracks through 

the platinum, together with multiple scattering errors, every 

5. mm along the trajectory; that is, every 5.mm, store a 

triplet (x, y, e), where e is normal to the trajectory. (TRACK). 

(b) For each beam track, find all outgoing tracks which are within 

a distance of 400f.1 (on film plane) of any point on the beam track. 

These tracks are the candidates for an intersection. (NOMINA T) 
1 Kadyk, etal., NPB27, 13 (1971). 
2 
Bassano, et al., PR 160, 12 39 (1967) 
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(c) For each point on the beam track, calculate the x2 for a point 

intersection of all outgoing tracks and the beam track. Calculate 

the .(x, y) location of the x 2 minimum. If there is a clear X 2 

minimum below our x2 
tolerance, 1.. per degree of freedom, 

go to step (f). If there is a minimum above this X 2 tolerance, go 

to (d). If there are multiple minima, or no clear minimum, go 

to step (e). (COARSE) 

(d) Remove from consideration the greatest contributor to the X 2 , 

then go to step (c), (TROUBLE) 

(e) Subdivide the plate into nine (9) sub-plates, and solve the above 

problem individually for each sub-plate employing the existing 

machinery of step (c). 

(f) Assume the x2 distribution is parabolic near its minimum, do 

a least squares fit to a parabola, and calculate a standard devia

tion iri distance along the beam track such that the X 2 increases 

by 1. Store the x, y location and errors for output onto PANAL 

tape. (VERTEX, ERRORS) 

After the problem in each view has been solved, we know which outgoing 

tracks fit to which beam tracks, and can make a second pass over the 

· plate in which, for each beam track, we do not nominate as a candidate 

any tracks which have successfully fit to any other beam track. This 

is a positive definite improvement in the vertex finding efficiency. 

· B. Track fitting. 

In a coordinate system, such as the one below, and for tracks with 

momentum predominantly alo·ng the y-axis, we can suitably parameterize 

the dependence of x upon y as a linear function with some quadratic de-

viation, 
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2 
X = ay +by 

y 1-
y' 

I = ay L____, X 

I /"-
I / 

I 

h (x. 'y.) 
1 1 

X 

FIGURE III .1 

where the origin of the coordinate system is translated to the first mea

stired point of the track. Then for N measured points hypothesized to 

lie on such a curve, we construct a X 2 for these points and their errors 

(x· , y. , E.) which is a function of a, b: 
1 1 1 

f [-"~ -:y,-by~J~ 
i= 1 . 1 

2 
X (a, b) = (3 .1) 

In a least squares sense, the minimum in x 2(a, b) yields the best 

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

or 

a 2 
N 2 

[ ("i-ay.-by. )y. 
..£X_:::: 1 . 1 1 

2a. 2 
€. 

i= 1 1 

a 2 
N 2 

L (x.-ay.-by. )y. 
..£X_= 1 1 1 1 

2b 
i= 1 

€. 
1 

as 1 +bs
2

=s
3 

at 
1 

+ b t
2 

= t
3 

= 0 

= 0 

(3 .2a) 

(3.2b) 

(3.3) 
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s = ~ 1 (::f 
3 

y. 
s = ~ 1 

2 -2 
€. 

1 

X·Y· 
s - ~ 

1 1 
3 - 2 

€. 
1 

a= (s 3t
2 - s

2
t
3
)/D 

b = (s 1t 3 - s 3ti)/D 

6 

tz" E ( :iz~2 
\ 1 / 

t - !: 3 -

2 
y.· X• 

1 1 

€.2 
1 

The momentum at the center of the track is given by 

1 
Pcx: R = 

where y is some mean y-value on the track. 

(3 .4) 

(3 .5) 

(3.6) 

Each tr~ck so parameterized is given absolute reference to the mea

sured fiducials in each view, 3 and its trajectory extrapolated through 

the plate with a triplet (x, y, e) stored for 20 points i, such that the third 

point is just at the downstream edge of the plate, and the eighteenth 

point is just at the upstream edge. The 8. em length of the plate in the 

beam direction spaces the points inside the platinum by approximately 

5. mm. 

3see Appendix III.A for details and constants used. 
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FIGURE III.2. 
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The root-mean- square multiple scattering error perpendicular to 

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

0.015 
~~s= P(GeV/c}~ 

L3/2 
with LRAD = 0.31 em. 

( 3. 7} 

Typically, a 1T -meson with momentum 1.GeV /c and traversing half the 

plate has 

~R~S - 0.1 em. 

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 Lagrange interpolation is employed to 

locate the minimum to within typically 0.01 in chi-squared. For these 

. calculated chi-squared points, x~ 1 , X~· X~f, where X~ is the least, 

and for h the abscissa separation between the three points, the chi-
. . 

squared distribution can be approximated
4 

by the function f(y}, 
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(3.8) 

The location of the chi- squared minimum is found by differentiating and 

solving for p, so that 

1 
p = 2 (3.9) 

2 whence the minimum is near (y
0 

+ ph), where y
0 

was where x
0 

were 
() 

evaluated. 

If the minimum is greater than CHILIM ( = 1 .0) per degree of 

freedom, 5 the greatest contributor to the chi-squared is eliminated from 

co·nsideration, and the search repeated. 

If there are multiple minima in chi-squared along the beam track, 

the routine calls SUBURB which subdivide the beam track into approxi

mately 1.0 em. intervals, and solves the whole problem individually for 

each interval using existing routines for each task. We can end up with 

more than one vertex per beam track. 

The monte carlo has indicated that whenever the wrong vertex is 

Jound, it is always upstream of the correct vertex location. This is 

easily understood when we consider that the multiple scattering errors 

on a track, extrapolated upstream through the plate a distance L, 

· increases as L 312 • It is much easier to be "close" to a track at the 

upstream end of the plate. 

Abramowitz and Stegun, Handbook of Mathematical Functions, Dover, 
pg. 879 (1965). 
5This constant can be varied externally. 
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D. TVGP Results 

A sample of free A
0 

and K~ decays were measured with beam tracks 

and outgoing tracks (event type 97). Vertex points (x,y) with errors 

(o , 6 ) found by SCORPIO were reconstructed in three dimensions by 
X y 

TVGP, each vertex with a weight matrix. 

w = ((1/6)
2 

0. ) 
o. (1/o )

2 
y 

in each view. Improper treatment of the x, y, z three dimensional error 

matrix for these TVGP reconst~ucted points was detected and cor

rected 
7 

in the subroutine LSVER T. Without correction, any attempt to 

reconstruct neutral particle origi!ls in this manner would have been 

impossible. 

SQUAW attempted 3- constraint fits, for all good 1- constraint A 
0

, 

K~ decay fits, to these reconstructed origins. A series of distributions 

of relevant fitted and spatial quantities are in Figs. III.3 through III.8. 

Firstly; the fitted x2 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, in which 

only the magnitude of the momentum in the initial state is unknown; 

and (Fig. III.5) the 2C distribution, defined to be the 3C minus the 1C 

chi- squared. The most relevant is the 2C chi- squared distribution, 

which isolates the kinematics of the decay from the 2-dimensional 

directional constraints provided by knowledge of the origin. The curve 

superposed is a mathematical chi-squared distribution 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 

azimuth of the incident decaying neutral (Fig. III.6), the proton or 

pi-plus (Fig. III.7), and the pi-minus (Fig. III.8) are given in Figs. III.6 

to III.8. 

Thirdly, there are several distributions relating to the origin points 

themselves. We begin with some definitions. 

Coords in SIOUX coordinate system: 

x = transverse to beam, 

y = beam direction 

Z = depth in chamber~ paralax factor - 6. 

Connecting neutral track (reconstructed to origin point x, y, z, and 

event interaction point): 

£. = length 

.6.<P = azimuth error 

.6.'/1.. = dip error 

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

AX~ J. ·A<P 

Ay = 6.1. 

A z ;:- J. ·A 'A. • 

In Fig. III.9, they-error on reconstructed LH2 origins is approxi

, mately a bubble-width (- 0.5 mm) and checks that the calculations 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-poin~ 
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track in each view with assigned errors 6.x = 15.fJ., 6.y- 30.fJ. on film 

plane. 

The 6.- error distribution, Figs. III-10 and III .11, for points re-

constructed inside the platinum, shows the width (6.x); 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 .6x ;- 0. 7 em. This persists in the 6.y and 6.z distributions, and will 

be discus sed later. 

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

· 6.y are less than 1 em. The sharp structure at 6.y ;; 2.5 em is due to 

origins points given the half-width of the plate ( ± 4.0 em) in all three 

views. The structure at .6y:::: 1.4 em is related to the .6x ;' 0. 7 em 

structure. 

The z- error distribution, Fig. III.14 reflects the 8211 chamber para lax 

factor of~ 6. We expect that, for a given ensemble of origins, 

(6.z):::: 6 (6.x). This is well- satisfied for the two dominant peaks 1n 

Figs. III.11 and III.14 where (6.x) = 0.03 em and (.6.z) ;; 0.19 em. 

Figures III .15, 16, 17 display the x, y, and z distributions of the 

origin points, with the platinum plate denoted for reference. 

The quantized structure in the 6.x, 6.y, and .6z distributions is 

believed to be due to large errors assigned to film plane origin points 

in 2 of 3 views. For instance, suppose a good intersection is found in 

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

chosen as they-coordinate in view 2 with an error 

6.y = 2640. fJ. on film } 

;- 4.0 em in space 
no origin found 
on beam track 
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Routinely, the y- error on any origin in View 3 is set to 

D..y = 2200. f.1 on film 

.. ~ 3.3 em in space 
View ~3 origins 

D..x = 50. f.1 on film 

~ 0.75 em 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 III A. Referencing reconstructed tracks to fiducials in each 

view. First measured 
fiducial (FIDX, FIDY) 

In each view (IW) we record 

the constants in the figure at right:+ -·· -f--
DFA (IW) 

DFB (IW) 

XB (IW) 

STEP (IW) 

and. EM (IW) 

FB FA 

_-}_J A ! P+l 
-- + B + C+ 

-- -t_ x-coord = XB 

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 1 VIEW 2 VIEW 3 

DFA 20907 fJ. 20724 fJ. 17982 fJ. 

DFB 26228 fJ. 26001 fJ. 23382 fJ. 

EM 0.0299 0.0313 0.0563 

X 35025 fJ. 38000 fJ. 3 7833 fJ. 

STEP 
. 1 
319.59 f.J./ 2 em 

1 . 
323.83 f.l.l 2 em 

1 
327.42 f.J./ 2 em 

Then for beam tracks, the 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. 

· YSHIFT = FIDY ( 1, rw·, MM) - DF A(I, W) - YO+ EM(IW) * (XO- XB(IW)) 

Then the first point of the platinum track bank (PTK ( 3,20 ,40)) is trans-

lated to be 

y = 2. ':'STEP (IW) - YSHIFT 

y = YSHIFT - 2. ~'STEP (IW) 

(for outgoing track) 

(for beam tracks) 

' . : 

; 
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This is the same coordinate system to which COBWEB measured tracks 

are normally referenced. The origin reconstruction in program 

SCORPIO is performed in this coordinate system, and the vertex points 

reconstructed in the platinum are subsequently translated back to the 

original COBWEB corrdinate ~ystem for output onto the PANAL tape. 
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Figure III. 3 One-constraint chi-squared distribution for the sample. 
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Figure III. 4 Three-constraint chi -squared distribution. 
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Figure III. 5 Two-constraint chi-squared, precisely equal 
to the difference of the three- and one -constraint chi
squared, which isolates the constraints imposed by 
the transverse.origin location information. 
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Figure III. 6 Pull quantities, normalized to a Gaussian distribution, for 
the two angular directional constraints in azimuth and dip angle for 
an ensemble of A-+ p1r- and K~-+ 1T+1T-
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Figure III. 7 Pull quantities for the P or 'IT+ in the same decays as in the 
previous figure. 
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Figure III. 8 Pull quantities on the 'IT- for the same decays as above. 



75 

50 -

Z5 --

0 0 v 0 0' 6 2 

-191.., 

---------- ~---------ll ~ 
X 

: . H a. ORI~IAIS. 
------_X 1 X--------------_____ _ ------------------·- -··-- ------------------ __ xxxx 

XI XXX 
XXXXXl 
XXX XXX 
MXXXXX 

xxxxxxx ------·--*- xxxxxxx--x---
xxxxxxx X 
XXl()(XXXI X 
XXXXXXXXXXXl 
xxxuuxxxxx 
XXXXXXHXXXXl 
xxxxxxxxxxxxx 

1UXXUOXXXXX 
xxxxxxxxxxxxxx 
uuxxxxxxxxxx . 1 
xxx~xxx~xxxxxxx XI 

·-- --------· XXUXAXUXXXXXX XX 1 
XXAXXXXXXXXMCXXXXX X 

XXXXXXAXXXXXXXXXXXX X 
XXXAXXXXXXX(XXXXXXX 1 X 1 
xx·xxXXXX <XXUXXXXXXlX X X 1 
XXXXXXXXXUXXXXXXXXXX XX U X 
lXXJXXXXXXXXCXXXXXXXXX XX XXIX X 
llXliUXXXXXXXXXXXXUXXX XX XXXX1 X X X 1- ----X--------1----------------------- ----·-·· 
XXXXXX<XXXXXXXXXXXXXXXXXXlXXXXX X Xl X X lX X lX 

XXXXXXXXXX~XXCXXXXJXXXXXXXXXXXXXXXlXXXXlXX 1XX 11XX 1 1 Xl XX 1X 1 1 
XXXXCXX<XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXlXXXXXXXXXXlXXXXXXXXXXXXX111X 1Xl1X lX X llX llllX 

LQI;U ___ .00 OC~C'JI)~OOC~G 0~ QJ J-10C ~~0.: ?C OJ C lCOOOJ ?000 DC J~:l JOO•)OG JC: OOOO<IO~COOOOOOOOO~OCQOOCO.O'lC OOCOt'I)OCOOOO~OOOC. 30t'OCOOOO~OOOCO:IOOOO:I 
II" ••• -•• • •••••• • •. • ••• • • • • •. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •.• • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• •• 
EDGE OOOO~OOOOOOCO~OCOOOryo~~Cl~OOCCDCQOOOOO'JJOCjywLCOOCllllllli1111111111111111111111111111111111111111112Z22Z2ZZ2l2ZZZZZZ22Z 

Figure Ill. 9 Distribution of reconstructed origin errors along ihe beam direction 
(y-coordinate) for origins located in the liquid hydrogen, 
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Figure Ill. 10 Distribution of origin 
errors transverse to the beam 
(x-coordinate). 
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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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Figure Ill, 14 Distribution of reconstructed origin 
errors in chamber depth for origins inside 
the platinum plate • 
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Figure III. 15 Distribution of reconstructed origin coordinates transverse to beam 
(x-coordinate). The plate location is denoted for reference. 
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APPENDIX IV. Lorentz Invariant Phase Space. 

The two- and three-body phase space distributions in Sec. IV 

were calculated according to Hagedorn1 , employing the recursion 

relation stated by him. In Hagedorn's notation, the four-momentum 

of particles i=1 ... k out of n particles (k< n), and the four-momen-

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

k 

pk = I 
i =1 

m 

p = I n-k 
i =k-H. 

p. 
1 

p. 
1 

M.2 = p2 
k . 

ri-k n-

The probability distribution of the mass Mk is given by 

where R is the phase space integral 

n n 

R (P;m ... m ) =S. s\ d 4p. o(p~-m~) o4() p. -P). 
n 1 n 0 111 w J 

i =1 j =1 

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

1 R. 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: 

-- AK 

E: 0 p -- AA lT+ 

-- AAlT+lT+lT-

-- :E +A 1T + 1T-

-- :E +A lT + lT + 

-+ :E+:E-11"+ 

- + -- :=; p· lT 

5.1 (a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

( j ) 

(k) 

(1) 

5.1 

and possibly others, we have systematically scanned for the topologies 

of Fig. V.1 in addition to those in Fig. 3, Section!. 

The momentum distribution of 1898 :S- -+All"- decays is dis-

played in Fig. V.2 and has not been corrected for decay losses inside 

the platimum plate. The distribution cosine of the decay proton with 

respect to the decay A direction for :S--+ A lT- 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.i. Event type topologies for multi- strange particle events. 
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100~--~----~--~~----~--~----~ 

Momentum distribution of a- events 

80.0 

60.0 

1898 a.- A,- decays 

< Pa? = 3. 738 GeV/c 

en 
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0 40.0 
(.) 
Q) 

"C 

I 
DI 

20.0 

0-0U---~----~----L---~----~--~ 
o.o 2.0 , 4.o 6.0 a.o 10.0 12.0 

Pa- ( GeV /c)--.. 

XBL746 -3453 

Figure V.2. Laboratory momentum distribution of 
~- ... A 1T- decays observed on this experiment. 
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150~----------~----------~ 

1898 a----. A.,- decays 
~ --

Cos 8 = nA • np 

100 

50 

0~------------~------------~ 
-I o.o 

Cos 8 
XBL746- 3459 

Figure V.3. Distribution of the parity violating cosine 
in~-__. 1\.'IT- decay. 

- ' 
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dN 
d(cos8) a: 1 + a.L\. ~ cos e 5.2 

under the assumption that the:=; decays only vis S and P waves. Then 

and a.L\. is the corresponding parameter in .L\.-+ p 1r decay, a.L\. = 0.64 7 

:I: 0.013. Hence a non-zero a>;;< 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 E has positive 

parity, P>;;< = + 1, and the final state .L\. 'IT- has parity 
...... 

(P.L\.=+1) (P =-1) (-1) 1 = -1 
I 'IT 

= +1 

hence S-wave decay violates parity conservation. 

(S-wave) 

(P-wave) 

Figure V. 4 displays the variation of a likelihood function for 

the probability distribution 5.2 

whose maximum value is obtained at 

~ = 0.394 :I: 0.070. -
No corrections have been applied to the data for this measurement. 

The n--- .L\.K- decay is nearly completely unambiguous with 

E--+ .L\.'IT- decay, essentially because there is very little kinematic 

overlapping of the decay kinematics as seen in the laboratory in Fig. V.5. 
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30.0~-----N--[--~----------~ 

£a .1T I +aA aS cos 9.] 
I = I I 

20.0 

10.0 

as= -0.394 ± 
0.070 

o.o ~---------------
-1.0 o.o 

XBL 746-3457 

Figure V.4. Variation of the likelihood function as a 
function of the parity violating parameter cit;:;' . 

...... 
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E~n- decays 

XBL 746-3527 

Figure V.5. Dependence of the laboratory opening angle (be
tween the A and the negative decay track on the momentum 
balance these two tracks, for ~- and n- decays from 1 to 5 
GeV/c. 
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The momentum distribution of 20 n- decays is shown in Fig. V.6. 

The mean momenta of hyperons produced in this experiment are 

given in Table V.i. 

Table V.i. Hyperon mean momenta. 

A 

(P) GeV/c 

2.2 

3. 74 

4.78 

Twenty-five (25) unambiguous E0 p interactions have been an-

alyzed, representing an inelastic cross section of 2i ± 4 mb over the 

E0 momentum range from i. 5 to i2 GeV /c. The above cross section 

estimate was made assuming that the number of E0 hyperons produced 

isthe same as the number of E- hyperons in i2 GeV/c K- -Platinum 

nucleus collisions; the resultant E0 pathlength distribution is shown in 

Fig. V. 7. A rough binning of this distribution is 

L>;:;<o (0-1.5 GeV/c) = 3.3Xi0
3 

em 
....... 

L>;:;<o (1.5-6 GeV/c) = 46.5 Xi 0
3 

em ....... 

L>;:;<o (6 -i2 GeV/c) = 2i.O Xi 03 em. 
....... 

The E0 p interactions observed are given in Table V. 2, where 

the incident E 0 momentum is listed for each event; also, the SU(2) 

corrected numbers of events in each channel and the corresponding 
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Figure V.6. Momentum distribution of Q- decays observed 
in this experiment. 
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Table V. 2. :S 0 p interactions and cross sections. 

Reaction 

- + :s p1T 

:S-p1T+(n1To) 

AA1r+ 

AA 1r +(n 1r0 ) 

AA1r+1T+1T

A~+ 

A ~+(n1r0 ) 

A ~+1T+1T

A~- 1T+1T+ 

~-~+1T+ 

Number 
of 

events 

5-

2 

2 

1 

3 

3 

3 

3 

1 

25 

P';:;'o values -
2.42, 2.6 9, 7. 22, 
3.86, 2.65 

4.14 .• 3,36 

2.66, 2.02 

6.10, 8.87 

4.82 

3.43, 2.22, 8.17 

5. 74, 8.80, 2.17 

8.99, 3.98, 3.88 

4.71, 3.87, 6.61 

4.49 

Number 
corrected u (mb) 

by 
SU(2) 

5.0 3.1 ±1.4 

2.0 1.2±0.9 

3.0 1.9±1.1 

3.0 1.9±1.1 

1.5 0.9±0.9 

4.0 2.5±1.5 

6.0 3. 7±2.2 

4.0 2.5±1.5 

3.0 1.9±1.1 

2.0 1.2±0.9 

33.5 21±4mb 
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cross section averaged over all momenta are given. The SU(2) cor-

rections are for the visible A decay probability in both the inital :S 

·.r flux observed and final state A decays, and undetected ~ .- pTT0 decays. 

Distributing the incident :S0 momentum 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 

constant in :S 0 momentum. 

An examination of the reactions obtained in Table V. 2 indicates 

that, apart from reactions like 

';::;'0 - ';::;'0 - p - p 
';::;'0 - :so PTTO - p 

-+ 
,_,o + 
~ nTT 

our ensemble represents nearly the whole of the inelastic cross section 

in the few GeV region. 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-pidn pro-

duction cross sections .. In addition there are many candidates for the 

reactions 

:=; 0 p __. Y K N +pions, 

but this class is totally ambiguous with the class 

np __. Y K N +pions, 

since the K, K decays visibly as a K~ + -
_.TrTr. Indeed, the available 

phase space for the former is only slightly larger than for the latter, 

at the same momerttum, and so we have assigned these events to the 
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np class since the n flux is much larger than the :S0 flux. Further-

more, in the .L\p reactions we have found that the cross section for 

.L\p _. K N N +pions 

is negligibly small, and we ha,ve taken it so in the total cross section 

measurement (Sec. III). 

We may estimate that the missing channels E; 0 p- E; 0 p'TT0 and 

;s0 p-:S0 n'TT+ (with or without additional pions) have cross sections 

roughly equal to the first two listed in Table V. 2. Then an estimate 

of the t~tal inelastic E;0 p cross section' is 

from 1.5 to 12 GeV/c. 

total 
:S0 p inelastic = 25 ± 5 mb 

cross section 
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APPENDIX VI. Propagation of the K0 amplitude through the 
Platinum Plate. 

The wave functions for K 0 and K0 states are linear combinations 

of states of definite lifetime, K~ and K~, 

= -
1
- [ K~ - i K~ ] . 

.J2 

Suppose the incident wave is represented as a mixture of K0 and K0 , 

o --o 4J = a. K +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.,~ 

obey the differential equation 

a a. = i { 2 1rN A ( 0) + 1 } k a. - i n k a. ax R2 

Transforming to the basis states K~ and K~, including the weak inter

action decay terms (a./T) for the states K~ and K~, and transforming 

from space coordinate x to laboratory time t, yields 

d . n+n . n -n . { - - } 
d t 0.1 = l j3 c k (-2 -) 0.1 - l (-2- ) 0.2 - ( l w1 

1 + 2--) 0.1 
'Y ,.1 

_ _ ~ Decay Terms 

d . A k { (n + n) . (n- n ). } (" + 1 ) d t a.2 = 1 ..... c -2- a.1 + 1 -2- a.1 - · 1 uz 2y r . a.2 
. 2 
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J3c = velocity of K0 particle in laboratory 

t laboratory time 

d 0 0 
d t = at + J3 c ox (total time derivative) 

J3, y = Lorentz transformation parameters 

w1 , 2 = de Broglie frequencies: (1i w1 , 2)
2= (1i ck)

2 
+ (m1 , 2c

2
)
2 

T1 , 2 = proper lifetimes of K~ and K~ states. 

Inspection of the differential equation indicates that the cross terms 

linking a.
1 

and a.
2 

depend on the difference of the forward scattering 

amplitudes of the K0 and K0 states, which is proportional to (n- 'ii'). The 

solution to the above equation is 

As R-+ 0, we have the vacuum solutions 

hence R essentially measures the amount of matter in the beam path. 

Changing to the K0
, K0 basis, we have 
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C
1 +i RJ 
1 - i R 

-~2t. 
e R+i 

R- i 

In this experiment, the initial conditions are 

subsequent to a K collision in the platinum plate. Then 

1 
a (0) = -

1 .J2 

and the solution for amount of K 0 and K 0 amplitudes as a function of 

time through the platinum is 

[
a(t)J = !.(··1- iR) e ~1 t c +iRl 
a( t) 2 1 - R 

2 
- i aJ 

+- --- e 1 ( i - R ) -~1 t [R + ~· 
2 1-R2 R-· . 

The physical quantities in this expression are 

~1 = w+.6. 

~2 = w- .6. 

- [(~· "'1 ° ) 1 ( ..L - __!__ )+ 2 Ll 

R = 
+ 2y 7" 2 "1. 
~ck {n- "il:) .] 

·. 
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with 

The units are defined by 

fl = c=1. 

whence 

fie = 0.1. 973 GeV-Fermi = 0.624 GeV-mb1/ 2 

he 
-25 

= 6. 58 X 1. 0 Ge V- sec. 
) 

Hence the units in this calculation are 

t, 
'T 1. ' 'T2 in GeV-1. 

w, A w1.' Wz• k in .GeV 

R, 
_..-

in 1.. n, n 

The numerical solution to these equations is shown in Fig. VI.1. as a 

function of the amount of Platinum traversed. The forward scattering 

amplitudes were taken from Bohm, et al., Nucl. Phys. 27B, 594 (1. 958). 

The K 0 and K 0 probabilities are shown inside the platinum plate, 

Fig. VI. 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- ~8. Ocm) implies ili;at the regenerated K 0 

probability is roughly 

2 
I a(y = 8. 0 em) I .... = 0.03, 
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1.0 

XBL 747-3603 

Figure VI.1. Spatial dependence of the complex amplitudes 
involved in the kaon propagation problem. 
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K0, KO probabilities 
inside platinum 

Figure VI.2. 
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~ 

Figure VI.3. 
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0 + -and hence that the probability that a K
1 

-+ 7T 7T decay in the liquid 

hydrogen originating from a nuclear interaction producing a K0 is 

2 
Ia (y= 8.0cm~ =0.97. 

This number has been used to renormalize the K0 amplitude in the cal-

culation of the total cross section in Sec. III. 

1 
Ken M. Case, Phys. Rev. 103, 1449 (1956). 

M. L. Good, Phys. Rev. 106, 591 (1957). 
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"1 
I 

APPENDIX VII. SU(3) lsoscalar 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 . .l.,2. 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 sometimes convenient instead to employ U-spin in-

variance, which is completely equivalent to unbroken SU(3). The ad-

vantage is the relative simplicity of the Oebsch-Gordon coefficients 

over the SU(3) coefficients. The U -spin multiplets 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-

spin structure is such that conservation of U -spin, when treated in the 

same way as conservation of isotopic spin, is equivalent to unbroken 

p /2+ - -SU(3). The U -spin multiplets for the J = 1 baryon, 0 meson, 1 . 
meson octets, and the 3/2+ baryon'decuplet, are given in Fig. VII. 2 . 

.. A table of Clebsch-Gordon coefficients is given in Fig. VII. 3. 

The analogy with !-spin can be made more clear by noting that 

the rotation which interchanges p-+ n is on !-spin rotation; that which 

·interchanges n +-X. is U-spin; and that which interchanges p +-X. is V-

spin. 
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SU(3) ISOSCALAR FACTORS 

181 ~ 181 - 1271 ED 1101 ED 110'1 e ISla e ISla e Ill-

Five single-coellicient tables are omitted. 
a negative coellicient, i.e. (NKIIO•) = -1. 

I . 

0 • ~ Y-1 1-11z N 

The one involving a·lro•J has 
The others, involving t27J and 

-----~Y _ 1 1 _ 3/z 6. fro f. are all +I. 
I 

~ - Z7 ~D 1 

Nrr ~/10 3~110 
I:K -./3110 -3~/10 
N'l 3~/10 -~/10 

-I 
SF tO* 

1/2 -1/2 
1/2 -1/2 
1/2 1/2 

Nrr 
I:K 

,.....;.__~_::7 __:..___;:!..,t 0..::, 

~12 -v1ii2 
V112 ;.n;z 

Multiplicity ol 27; AK 3./3110 - VS/10 -1/2 -1/2 

• •I, 

,1_ 

==· :z:R 
:=:'I 
AI< 

y --
~7 

- ""'/10 
~/10 

3 /10 
3../5/10 

1 I - :::: t/Z ....... 

!n !.F 
-3~110 1/2 
3~/10 1/2 

- /10 -1/2 
- /10 1/2 

~/10 
-~/10 
-~120 
3V'3fl/20 

~/10 
-~/10 
- v"f§/5 
- v'S/5 

tO ~ -1 
1/2 E:n 
1/2 z:R 
1/2 

-1/2 

1/2 
-1/2 
~/4 

-V1/4 

!F 
~/2 
V1!2 

0 
0 

Y 0 I - - 1 
~1- ~7 ~D !F tO to• 
NK ~/5 - .,t,,D /10 v'§/6 - v'§l6 ~16 
:=:K ./3/5 - v,l0;10 -~16 V1\16 -~16 
:Err 0 0 . V"ii/3 -Vi\/6 - 616 
l:TJ ~/10 ~/5 0 1/2 1/2 
Aw V.W/10 V'S/5 0 -1/2 -1/2 

The phase factor tt = :1:1, from de Swart's 
Table I, entera in his symmetry formula {14. 3): 

(11-tll-zl~~o) = t1t-i}t+Iz-I(IIoz11-tl~'-) • 
This factor is irrelevant if you are doing your own 
self-consistent, calculations; it enters when you 
try to check s·omcone else who chose 11-Z®I'-t 
instead of 1/ot ®11-z. 

po! 0 181 - 1351 ED 1271 ED 1101 ED 181. 

• Four single coefficient tables are omitted; only the {21J is -1; the three with {35} are +1. 
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Figure VII.1. 
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5 U ( 3) U-spin · multiplets 
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Figure VII.Z. 
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CLEBSCH-GORDAN COEFFICIENTS AND SPHERICAL HARMONICS 
J J ... 

Note: A ·J is to be understood over every coefficient; e. g .• for -8/15 read .,) 8/15. Notation: 
M M ... 

/2 1/2 ~ Y
0 =[F 7z 

ml rn2 X cos e 
+I I 0 

1 .r,;- 2 X 1/2 I+ 1 2 + 1/2 1 0 0 +5/2 ?(2 3/2· 
m1 m2 Coefficient::, 

I rr sin 8 ei~ 
r~2 -1/,2 1/2 1/ 1 Y1 o- 8,;" 1+2 1/2 1 3/2 +3/2 

-1/2 t 1/2 1/2 -1/ -1 1+2 -1(2 1/5 4/5 5/2 3/2 

l-1/2 -1/2 1 
yo 0 F (~ 2 I \ 

+ 1 j 1/2 4/5 -1/5 +1/2 +1/2 

cos 0- I I T+ 1 -lfl 2/5 3/5 5/2 3/ l 

l/ ~ 
2 Tn 2 

0 + 1/ l 3/5 -2/5 - 1/.: -1/ z 
1 X 1/2 ! 3/2 

y 21 = -J \t; ,I 0 -1(2 3/5 l/, 5/2 3/2 
3(' 1(' 

sin 0 "-'OS U ei¢: ,... -1 +1/2 2/5 -3/5 -3/2 - 3/l I•I I 1/2 I 1/211/2 

3/2 X 1/2 l 
.. 1 -1(2 4/5 1/5 5/2 

+l -1/2 1/3 ~/3 3/2 1/Z +2 2 1 -2 + 1/l 1/5 -4/5 -5/2 
0 •1/l 2/3-1/3 1/2 -1/2 y 2 _ I jts- . 2 () 2itj> 

2 - 4 y,;: sm e 1+3 2 + 1/2 1 + 1 +1 -..2 -1/2 1 I. o -1(2 l/3 1/ 3/2 
~""'!! -1 +1/2 1/3 -2/ -3/2 +3/2 -1(2 1/4 3/4 2 I 

1rm +1/2 +1/Z 3/4-1/4 0 0 2 X 1 t ~ l-1 -1/2 1 3/2 X 1+1/Z -1/2 1/2 1/ - 3 2 . + 5/2 
5/2 3/2 

l 1 

I+ 2 +I 1 +l +2 [+3/2+1 1 +3/2 +3/2 -1/2 +1/2 1/2 -1/2 -1 -1 -

1 

+2 0 1/3 2/3 3 2 1 I+ 3 2 o 2~5 3/5 5/2 3/2 1/2 t~ 1/2 -1/2 3/4 1/ 2 
+ 1 t 1 2/3 -1/3 +I +I +1 + 1/Z +I 3 5 -2/5 1/2 +1/2 +1/2 -3/2 +1/Z 1/4 -3/ -2 

1 1~ r2 -1 
1/15 1/3 3/5 

r3(2 -1 1/10 2/5 1/2 l-3/2 -1/2 l 
X +2 

+I 0 8/15 1/6 -3/10 3 2 1" ·:? 0 
3/5 1/15 -1/3 5/2 3/2 1/2 

2 1 0 +1 6/15 -1/2 1/10 0 0 0 -1 2 t I 3/10 -8/15 i/6 -1/2 -1/2 -1/2 
L+1 +I 1 +1 +I 1/5 1/2 3/10 rl -I r1(2 -1 3/10 8/15 1/6 

·1+1 0 w :? 2 I 0 0 0 3/5 0 -2/5 3 2 1 -1~~~ 0 ~? -1:~15 -1? 
5/2 3/2 

0 +I I 2 -1 2 0 0 0 -I + 1 1/5 -1/2 3/10 -I -1 -1 -3 2 t 1 I 10 -2 5 1 2 -3/2 -3/2 

+I -I 1/6 1/2 1/3 0 -1 6/15 1/2 1/10 ~-1/2 -1 3/5 2/5 5/2 

0 0 2/3 0 -1/ 2 1 -1 0 8/15-1/6 -3/10 3 2 -3/2 0 2/5 -3/5 -5/2 
-I +I 1/6-1/2 1/3 -I -I -2 + 1 1/15 -1/3 3/5 -2 -2 l:-32:2 -1 I -10 -1 1/2 1/2 2 tl -1 2/3 1/ 3 

yi-m = (-1) my';* -1 0 1/2 -1/2 2 -2 0 1/3 -2/ -3 (j1iz rn1 mzli1izJ M) 

1-1 -1 1 1-2 -1 1 
J - j 1 - j 2 . . . . 

=(- 1) (JzJt m2m1IJzJ1 1 M 

Figure VII.3. 
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We use the ''baryon first" convention; hence 

and not 

1 I 1 =- 10)-- 00) . 
..J2 .J2 

Various state vectors of'interest in U -spin space are listed 

below. The notation is I u u3). 

Lambda-nucleon initial state: 

I 1 13 1 11 1 Ap) =- - -) - --). 
.J2 22 "22 

Lambda-nucleon final states: 

J
p 1 + 1 + I ( 2 2 . states: 

(~+n I 
3+ 1 + . 

( 2 2 I states: 

= 1 <3 1 I+ i..<!.!.l 
..[6. 22' ..J3 22 

= 1 3 1 I rz 1 1 ..J3<zz +rJJ<z:z:l 

= 11(~!.1 rz 2 2 - < ~ ~ I 

< ~ ~ I 

=Jf<~ ~I+Jf<~~l 

= 

VII.1 

VII .2a 

2b 

VII.3a 

3b 

3c 

3d 

3e 
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0 +I 2311 1111 < ~138s ~ = ,:n <2 2 - ,:n <2 2 · 

Nucleon-nucleon initial state: 

lnp )= l~t) 

IPP ) = 11 1) 

Nucleon-nucleon final states: 

3+ 3+ 
<2 2 I states: 

<~0 ~+ = < ~ ~ I 

<~-~++1 = <~il 
3+ 1 + 

<2 2 I states 

+ <~il . ( n ~ = 

< p .cll = <~il 
(n ~++I = < 1 1 

(P ~+ I = < 1 1 

VII.4a 

4b 

4c 

VII. Sa 

Sb 

VII.6a 

6b 

VII. 7a 

7b 

VII.8a 

8b 
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Let a 3/ 2 ' a 1; 2 , and a 1 denote the U-spin matrix elements: 

3 3 . 
a3/2 = ( 2 u3 12 u3) VII.9a 

1 1 . ' 
ai/2 = ( 2 u3 12 u3 ) 

a 1 = ( 1 u 3 It u 3 ) . 

Then amplitudes of interest are 

p 1+ 1+ I 
J ( 2 2 1 states: 

(Ap jAp) 

3+ 1 + 
( 2 2 I states: 

(~~385p lAp) 

(~:385 n jAp) 

(1\.D.+jl\.p > 

(~-D.++IAp) 

3+3+ 
( 2 2 I states: 

= Jf a3/2 + Jf ai/2 

= Jf a3/2 -~ ai/2 

1 
ai/2 = 2 a3/2 + 

= ai/2 

= Jf a3/2 - Jt ai/2 

9b 

9c 

VII.1 Oa 

10b 

10c 

10d 

10e 

10£ 

10g 

10h 

10i 
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The amplitudes involving the neutron are simpler since the neutron is 

a pure U-spin state. Some are 

1+ 1+ 
( 2 2 I states: 

( np I rip) = a3/2 VII.11a 

(PP IPP) = a1 11b 

+ 1+ 

<~ 2 I states: 

( ~+n lnp) = a3/2 11c 

3+ 3 + 
( 2 2 I states : 

(~o~+l np) = a3/2 11d 

- ++I ( ~ ~ np) = a3j2 • 11e 

The relationships presented by Kaiser (our equations 69 a-d) can be 

obtained from VII. 10a-h and VII. 11 a-e. 

· The quark model relationship 

aT(Ap) = aT(pp) + aT(K- n) - aT( TT+p) VII. 12 

may be obtained in the following manner. Let the quarks be labelled 

p, n, A.; let, for example, "pn" denote the amplitude for scattering of 
61 

a ''p" and an ''n" quark. Then the additive quark model simply asserts 

that the amplitude for the scattering of two physical particles is the 

• 

., . 
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sum of all quark-quark amplitudes obtained by combination. Thus the 

physical states are 

p 
Proton = ( p) 

n 

Lambda=(~) 
X. 

and the particle-particle amplitudes are 

and 

hence 

A(pp) = { 4 pp + 4n p + nn} 

= {5 pp +4np}, 

A(,/p) = {2pp +2'ii"p +pn +'ii"n} 

A(K-n) = { 2 X. n +X. p + pp, + 2 p n} 

- {3X.p+'ii"n +2np}, 

A(Ap) = {2pp +3pn +2X.p +nn +X.n} 

= { 3 pp + 3pn + 3 X. p }, 

VIL14 

VII.15a 

by charge symmetry 

15b 

15c 

by charge symmetry 

15d 

by charge symmetry 

A(pp) +A(K-n)- A(,/p) = {3pp+3np+3X.p} 

= A(Ap). 

VII.16 

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(1rn) =. {3pp +3np +3A.p} VII.1 ?a 

= A(l\. p) 
• 

and hence by the optical theorem 
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APPENDIX VIII. Details of the Total Cross Section Calculation. 

1. A and K1° Decay Distributions. 

The scanning efficiency calculated from the master list scan 

data39 alone :i,~ shown in Figs. II.1(a, b) of APPENDIX II over .two re

gions in the chamber, from -86.0 to -66.0 em in 1.4-cm bins and from 

-86.0 to+ 70.0 em in 10. -em 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-+ p1T- or 

Kt -+ 1T+1T- decays. However, from the known A0 and K~ mean life

times, one can also calculate a scanning efficiency from the data 

summary_ tape {DST) as follows: in Fig. VIII.1, define a fiducial vol

ume 40 (FID3) sufficiently far from the. plate such that scanning losses 

due to visual obscuration are small. Then for all decays inside FID3 

with decay lengths A. , assuming they came from the plate, form the 
1 

sum 

-yj>... 
·dNcalc = \ ___ e;;;.,..---1---,--

{y) 6 -y 1/A. -y 2f5'.. 
[ e 1 - e 1] i 

~ 
A. 

1 

where the y coordinate is along the line

of-flight of the yO. The ratio of the ex-

·.· peri:mental decay distribution to this 

calculated distribution is a measure of 

the scanning efficiency, 0 

?1 
r 
I 
I 
t 

Fig. VIII.1 

I 
~ 
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= 
d Nexpt' l(y)/dy 

dNcalc(y)jdy 

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 :S 0 -+ A1r0 and A, K 1° pro

duced in the LH2 are sources of non-plate produced yO particles inval

idating to a small degree one assumption of the above calculation. The 

number of :S- -+ATr- decays (N ), and the A decay distribution is charac
o 

terized by a spatial distribution of the form 

dN 
dy (A decays/em) 

N 
0 

\Z 
u A ~o 11 -e -yjl.. A l· for (~»'A) • 

where ~>;:: and ~A are typical mean decay lengths of measured :S _, 
particles and their A from subsequent decay. 

A and K 1° decays believed by the scanner to have been produced 
I 

in the LH2 are identified as such, and the spatial distribution of these 

decays, Figs. 17(a, b), shows the expected dependence for A decays of 

where ~ and ~A are the mean K and produced -A mean decay lengths, 

NK the number of K beam particles exiting from the plate, CJ A the A

production cross section inK- p collisions, and YJ
0 

the LH
2 

target density. 
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The subtraction of the LH2 -produced and E 0 -produced A in 

FID3 affects the calculated efficiency, which in turn modifies the decay 

population inside FID3. Consequently, an iterative procedure was used 

to arrive at the final ET 7 sca~ng efficiency. The result of these iter-

ations are given in Table VIII.1. 

The difference of the experimental and the above calculated de

cay distributions for A- p 71'- and K 1° - 71'+71'- 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 0 ET 7 scanning efficiency. 

y bin Oth is 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 Calculations. 

The selection criteria used for both the A and the K0 flux are 

(i ) Decay fiducial volume; A-. p1r- and K 1° + -
....... 1T 1T decay 

points must be inside FID1, defined to be: 

FID1: -20,0 ~ (em) ~ +20 

-86.0 ~ (em) ~ +70 

+ 3.0 ~ (em) ~ +34 

(ii) Lambda identify if mark 1 (1c A-+ p 1r- fit) is successful, 

( x2 < 12, confidence level > 0.001). 

(iii) K
1
° identity if mark 2 (1-constraint K

1
° ....... 1T+1T- fit) is suc

cessful, and mark 1 not successful. 

(iv) Well-defined pathlength sample. A, K 1° decay used only 

if measured on a pathiength r~ll. 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, K 1° on these rolls is a known fraction of 

the total in the film, fM = 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 0 or charged 

32 decay accepted by the post scanner as 

ET 17,37 /Mark 10 (3-constraint A-+ p1r 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 probability from the 

fiducial volume FID1, SU(2) branching fractions to undetected final 

states, and a prong efficiency to account for unanalyzed multiprong neu-

tral interactions. In detail the·se are: 

(i) scanning efficiency: the spatial dependence of the scanning 

efficiency for event types 17 and 30 are shown in Figs. II.1(b-c) and 

II.1(e-f) in Appendix II. The event type 37 efficiency is taken to be the 

probability of observing an event type 30 and an event type 7 one mean 

decay length (X.) downstream. The ET 31, 32 efficiencies are separated 

into two parts: the three-prong efficie!lCY 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 

angular and proper lifetime distributions of~± decays. The latter 

efficiencies are 0. 94 and 0. 95 for ~+and ~-; respectively.· 

(ii) prong efficiencies: we have measured only one-prong and 

·three-prong recoil neutral interactions; of course, all other odd-prongs 

allowed by energy conservation are possible in Ap and K0 p collisions. 

·To correct for these unmeasured events, we have calculated from the 

pre-scanned events on the master list (ML. 91) the ratio of five-prong 

. to three-prong populations for positive, negative, and V0 decay topo-

logies, 



-232-

N(ET 51~ 
N(ET 31) = 0.180 - r51 

NET 52) = 0.151 r52 NET 32) 

= 0.118 - r57' 

and have then weighted each three-prong event by the inverse of the 

appropriate prong efficiency, 

1 
p51 = -:----

1+ r51 
= 0.848 

= 0.868 

0.895. 

we have riegleC:t.ed seven-prong events, which contributed less than t% 

of the data. 

(iii) Hyperon escape probability from FID1. For a hyperon of 

mean life T, momentum p, and having a potential flight path from its 

production to the edge of the fiducial volume, l, the probability that the 

hyperon will decay inside the fiducial volume before exiting is 

p = 1 -£/A 
- e ' 

-1 
Each hyperon is weighted by P . 

X. = ..E. 
m 

CT. 

(iv) SU{2) branching ratios to undetected final states. 

a) A.- n rr0 decays. We weight each A- prr- decay by 

BR (A-+ p rr-)- 1 = (. 6 4 2) - 1 . 

~ i 
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b) ~+- prr0 decays. We weight each unambiguous~+- prr0 

decay by 0, each unambiguous ~+- nrr+ decay by 

+ +.-1 -1 
BR(~- nrr) = (.484) . , and each ambiguous 

~+- prr0 / nrr+ decay by 1. 

c) Ap- ~+n. We weight each unambiguous Ap-~0 p event 

by. 

u(Ap-~+n) + <T (Ap-~0p) = 
<T (Ap-I:o p) 

11 1 1 2 11 11 2 

lcz- zl 11 2 -z>l + 1<2 zl 10zz>l 

1<~~110~~>1
2 

d) 

= 3. 

" + 0 up-~ nrr . We weight each unambiguous reaction 

Ap- ~+prr- by the factor 2 somewhat arbitrarily to 

account for undetected ~+nrr0 final states. 

4. Calculation of the Error u(y;) on the Hyperon Discrepancy 
Distribution. 

The error dE. in each bin y. has a statistical contribution from 
1 1 

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 

E. = w. N., 
1 1 1 

'where w. is some mean weight for all events in the bin y.. Then 
1 1 

2 . 2 2 
dE. = (w. dN.) + (dw. N.) 

1 1 1 . 1 1 

2 1 dw. 2 
=E. [- + (-1) ], 

1 N. w. 
1 1 
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where w. is essentially the inverse mean scanning efficiency for event 
1 

types 17, 31, 32, and 37. 

parts: 

The error on the calculated number of hyperons, C., has three 
1 

( i) error from fl flux; 

(ii) error from K0 flux produced in the LH2 ; and 

(iii) error from the K 0 flux produced in the platinum plate. 

In turn, these are 
\ 

(i) The number of hyperons produced by flp interactions can be 

approximated by some mean weight times the number of fl decays, 

The weight w involves the density of LH
2

, the branching ratio 

BR(fl-+ prr-), escape correction weights, and the inverse scanning ef-

ficiency for fl decays. The error in the weight is dominated by the un-

certainty in the scanning efficiency, and taking w to be the inverse scan-

ning efficiency, 

dN 
2 

y 
= N 2 [ 1 

y Nd ec 

(ii) The error on the number of hyperons produced in K 0 p inter

actions, where the K 0 was produced in the LH
2

, can be treated in the 

same way as above, subject to the assumption the K; decay distribution 

is the same as the :KO p interaction distribution in the LH
2

. Then 

dN 
2 

y 

2 
= N 2 [ 1 + ( d;) ], 

y NK dec 
1 

I 
' 



0 0 (J 4 

-235-

where the weight w is the inverse scanning efficiency for K 1° decays. 

(iii) The error on the number of hyperons produced by i(O from 

the platinum plate may again be obtained by taking 

but the weight w must be taken to be the same as the weight for A p 

interactions in (i) above. Then 

dN calc 

2 2 
[ w 

N calc 

- 2 
+ ( dw ) ]. 

w 

The total error on the calculated number of hyperons is the sum in 

quadrature of the errors in (i) -(iii) above. 
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APPENDIX IX. Tables of cross sections. 

(a). The elastic cross section, Ap- Ap. 

In 1 00 MeV /c bins from 3 00 Me V/c 
to 2500 MeV/c. 

PA (GeV/c) u (mb) 

0.3 - 0.4 17.2 ± 8.6 

0.4 - 0.5 26.9 7.8 

0.5 - 0.6 7.0 4.0 

0.6 - 0. 7 9.0 4.0 

0.7- 0.8 13.6 4.5 

0.8 - 0.9 11.3 3.6 

0.9- 1.0 11.3 3.8 

1.0 - 1.1 21.1 4.8 

1.1 - 1.2 14.0 3.4 

1.2 - 1.3 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 20.1 5.6 

2.1 - 2.2 16.3 4.5 

2.2 - 2.3 17.6 5.1 

2.3 - 2.4 18.0 4.8 

2.4 - 2.5 9.6 3.4 

In bins of equal incident A path
length from 0.4 to 10 GeV/c. 

PA (GeV/c) u (mb) 

0.4 - 1.2 14.8±1.6 

1.2 - 1.8 17.5 1.7 

1. 8 - 2.6 17.1 1.7 

2.6 - 3.6 15.3 1.5 

3.6 - 4.9 11.4 1.3 

4.9-6.7 8.6 1.2 

6. 7 -10. 6.5 1.2 
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The differential elastic cross section as a function of A momentum, 

d<T " 2 dt (mb1GeV ). 

-t(GeV /c) 
2 

0.01-0.11 0.11-0.21 0.21-0.31 0.31-0.41 0.41-0.51 
PA (GeV/c) 

1.0 - 1.5 -32.9 30.2 19.4 13.4 15.7 
±6.0 ±5. 7 4.6 3.8 4.1 

1.5 - 2.0 51.6 54.5 23.3 24.7 7.1 
±7.8 8.0 5.2 5.4 2.9 

2.0 - 3.0 43.4 32.4 20.4 8.4 16.0 
±5.8 5.0 4.0 2.6 3.5 

3.0 - 5.0 45.4 26.3 22.6 8.6 4.9 
±5.0 3·.8 3.5 2.2 1.6 

5.0 -10.0 29.6 14.5 16.4 4.12 3.5 
±4.0 2.0 3.0 1.5 1.4 
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(b). The double pion production reaction, .L\p-+1\.p ,/TT-, averaged over 

bins of equal incident A pathlength from threshold to 10 GeV/c. 

Pi\ (GeV/c) CJ (mb) 

1.3 7 - 2.1 0.21 ± 0.15 

2.1 - 3.1 3.0 ± 0.5 

3.1 - 4.5 4.8 ± o. 7 

4.5 - 6.3 5.2 ± 0. 7 

6.3 - 10.0 2.9 :S: 0.6 

(c). The single pion production reactions, Ap- ~ ptr, averaged over 

bins of equal incid(mt A pathlength, from threshold to 10 GeV/c. 

Ap- ~ + Ap- + -PTT ~ PTT 

Pi\ {GeV7c) CJ ~mb) Pi\ \GeV7c) CJ {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 - 4.3 1.5 ± 0.4 

4.3 - 6.0 1.6 ± 0.4 4.3 - 6.1 1.1 ± 0.3 

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. 

" PA (GeV/c) . u (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 -10.0 36.1 ± 8.0 

(e). Resonance production cross sections. 

PA (GeV/c) (mb) 

- +t 
Ap - ~ t::. 4.± 1 1.25 ± 0.5 

i\.p- ~+d 4± 1 o.o ± 0.23 
' .. 
i - +t 

i\.p - ~ 13851:::. 4± 1 0. 75 ± 0.3 

i\. + 0 p- ~1385~ 4± 1 0.12 ± 0.3 

(£). E0 p reaction cross sections, averaged from 1.5 to 12.0 GeV/c • 

. (Appendix V, Table V. 2) • 
.. 



0 u 

r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
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