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This publication is of a preliminary character,
- To facilitate the rapid appearance of Reports, they
are printed in the form as presented by Rapporteurs.



wr Cenimoyig el

A wide varlety oF pa:.nstakmgly acqulred experlmental Fansm

information has been presented durlng the sess:.ons on Strange -
Partlcle Physms. Becausewcf space llmltatlons, 1t 1.> p0551ble
in some cases to dlscuss only typlcal examples to :Lllustrate

a particular pon.nt. | ' ' ' o

. I. Propert:l.es of the Baryon Octet.

A. 'Hyperon Magnetic Homent.

A new. measurement of the /1 magnetic moment has been
reported by Gibson et al. (Bristol, Geneve, Lausanne, Munich
Collaboratlon) The experlmental arrangement is shown in o
'Fig.l. The /1 s resulted irom associated productlon
by 1.07 + 0.02 GeV/c 7~ mesons incident on a polyethelene
target. 'In contrast to previous experiments, emulsion stacks
criented with'their planes parallel to the initial polari‘zati'on
of the 0/1' 's were. used as detectors. Before enter:mg the
‘ emulsmns, the A° s travelled through 11 cm of a pulsed
transverse magnetic field of abour 150 kgauss, S0 that the
decay pattern rotated about the normal to the emulsmn plane.
Thus far, 109 A events have been found which satisfy a’ ‘

- set of criterla :unposed o ensu.re good measurement and m:.nlmum A
- contam:.natlon of the sample. The analys:.s was perfomed on »
65 of these events observed in a reg:.on of low background in

the emulslon stacks .



The maximum11lkelihood it to the decay distribution is-
shomn in Pig.2. The best estimate for the . magnetic

moment is

A= ~0.5 + 0.3

in units of nuclear magnetons. In lable I this value is
compared with those obtained in prev:x.ous experiments. In
the limit of exact SU3 symnetry, but-to first order in
electromagnetl.am, Coleman and Glashow (Phys Rev. Letters 6,
423 (1961) have shown thet Ay = 1/%/%” (= —0.96). » ‘

~ The limited e:rperimental data avallehle do not yet permit .
a quantitative check of this prediction. However, it is imi)ortant
to note that a comparison of Vuﬂ and/(,, provides a
stronger test of SU3 since the prediction of equality is
valid to.all orders in the electromagnetic interaction. -

B. Masses.

Several groups have attempted to mprove the mass determina~
tions u.;lng the hyperons produced by absorption of X mesons stoppec
in a hyd.rogen bl bble chamber. The results of these measurements
are summarized in ‘I‘able 11, ‘

Bach group has made rather different use of the avallable '
expenmental data. Burnstem et ai. (Phys. Rev. Letters 13, 66
(1964)) used a range-momentum relatlon as callbrated from
measurement of stopplng 7 '—?,« decays together with the
accepted K, // , and Z masses.' This approach resulted in an
i_nternally cons:.stent set of data. Dosch’ et al,. (Heldelberg)
used the relat:.ve // momenta :.n theZ "/7' events to detemme‘
MUy~ -I&sz . Both groups used Z fp">6 "’—’ fﬂ 7‘/7 events ‘ "
to calculate iy~ — o In the work of Schnudt et al.
(Columbla—Rutﬂ'er., 0011aboration), an attempt was made to flt -
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'~ all the Kp absérption :eactiops aiﬁﬁltaneously using the hydrogén
dénsity,;magnetic field, and béryon masses &s free parameters.
A poor‘fit is obtained unless reactions debending upon raﬁge
meagﬁrements are sUpreséed. However, when thié is done serious
disagreements exist in the A and 57 masses. When the range
‘fméasurements gie included, thé saﬁe Z~ mass is obtainéd as by
Burnstéin et al..Investigatioﬁ‘Qf the'source of the aiscrebaﬁcy
. continues. ‘ » |

It shbuld belnoted that &ll groups‘agree‘that thé mass
_splittings wifhin pheji~ éripiet‘are not s&mmetric. The values
may be ébmbared with the predictions of Coleman and Séhnitzer,
Mg~ —Mzo> 5.8 Mev, and My, — Mprs 3.8 MeV,  reported at

another sessign of the Conference.

II. Low-lMomentum Hyperon-Nucleon Scatterigg.,‘

The same film has been used to measure the cross-sections
for Lyperon-nucleon scattering.

A, /A1-p Scattering

Alexander et al. (Rehovoth-CERN Collaboration) observed 58
evehté.satisfying a predetermined set of selection criteria and
lying in the’momentum interval 120-320 MeV/c. Sechi~Zorn et al.
(University of Maryland) obtained 75 events with somewhat similar =
selection criteria. Their data are shown in Fig.3._The dashed_and
soiid curves. illustrate the cutoffs for two different selection
criteria..Within statistics, the angular distributions observed by
both groups were isotropic. in the. interval accepted. In each
experiment, a measurement of an unbiased sample of /1 's together
with appropriate scaling to the entire sample provided the path
length as a function of momentum, The combined results are shown

in Fig.4.



The theoretical curve represents an effective~range

calculation using the parameters for the singlet and triplet

states suggested by De Swart and Dullemond (Annals of Physics 19,
458 (1962)) from an analysis of hyperfragment data: a = -3.6f,
Tg= 2f, a= -0,53f, and r.= 5f.

7+

"B. 5P _and S p Interactions.

_ the data suggesting considerable p-wave (6~
. at the low mementa studied.

.

The Maryland and Heidelberg groups have also‘ studied the
S andalSp interactions. The details of the experiments are
similar and results are summarized in Table III, A1l cross-
sections were calculated assuming that the distritutions were
1sotropic outside the Coulomb interference region.

: Two important points may be noted.

(a) 8U, predicts that 6—(2'/0) G (©L). Because of
the Pauli principle only the singlet states may be compared.’
At the same Clirmomentum, 6 (22) = 165 mb. Consequently, if
SU3 is valid, the triplet 2 7) :_i.hteraction nust be weak.

(b) The S p absorptive reaction is very strong, with -

abs: > /7'% ) even

11I. X p Interactiens at Higher Momenta.

A. The Reaction K—p —> 477 near Threshold.

Berley et al. (BNL) have studied /172 production at
four momenta aust above the 77 threshold (approximately 720 MeV/c)

‘The observed cross-section (neutral plus charged modes) rises

sharply immediately above the 77 threshold and falls off .

rapidiy' with increasing momentum. The date ave shown in Fige5.

A somewhat similar behavior has been reported by Bastien et al. (MIT)
and Peterson et al. (Berkeley-Hawaii Collaboration) for the )

reaction # rp->77,2 at another session. '
6 -



This marked energy dependence has been interpreted in
terns of the K-matrix formalism.bf:Dalitz and Tuan (Annals
of Physics 3, 307 (1960)), considering only the channels

Ktp—=H 1P : (a)
L KPR (b)
gnd Nty —>ANHR ()

Since the CM K~ momentum varieé little over the range

gtudied, the K-matrix may be parameterized in terms of the 7
AP scattering lengths a = ¢ + i d. A fit to the data

indicates that d << /¢/ and 3< [¢[§ 20f. If ¢ < O,
a bound state of A7 may be expected at ~ 2 MeV below
threshold, decaying predominantly into =/# . Unfortunately,
the presence of Yi(1660) complicates the search for such
decays. l

Bince the aguthors have interpreted the effect as a result
of a strong S-wave interaction, we may assume that the angular
distribution is consistent with isotropy. Consequently, it
does not appear likely that this peak can represent an I = O

state associated with a J = 3/2 unitary multiplet.

B. Two-Particle Final States above 1. GeV/cC,

Several detailed studies of elastic and charge-exchange
scattering in the region 1.3-3.5 GeV/c have been presehted.
Although a greaf deal of evidence for structure is obsexved,
thus far it has not been possible to do more than fit the
angular distributions in terms of ﬁowers of cos o. However,
the importance of additional accurate charge-exchange data
in identifying possibie resonant states is neatly demonstrated
in Fig.6, from the report by Barbaro-Galtieri and Tripp

(Berkeley). Strong peaks in the total cross-section are
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observed at ¥ (1520) and Y} (1815).

Pite to the Z*7F ana AN®  final states in the 1 - 2 GeV/c
momentum interval also reveal little as to the nature of the ‘
structure present. However, at 3.5 GeV/c, Haque et al. (British
Collaboration) estimate that O(Z)&(£ %) ~ 12, In addition,
the =1 's are peaked sharply in the backward: direction,
indicating that the region dominated by peripheral interactions

~in this final state has been reached.

C. Multviparticle States with a A4 _ or Z't

Anal&ses of multiparticle final states with a A .orZ *
illustrate the importance of resonance production. at higher
momenta. As _a't.ypical .example we show in Fig.7 the effective- '
masses for the A77°7”  final state at 2,45 GeV/c as discussed
by Ross et al. (Berkeley). Clsarly, a study of the production
mechanisms in such a state represents a complicaﬁed and
challenging task. ‘

As a second gxainple, we show‘the effective-‘mass distributions

_in Fig.8 for the Z't/7 T final states at 2.63 and 2.70 GeV/c
presented by f‘icenec et al. (Illinois~Berkeley Collé.boration).
Again the complexity of the final state is apparent.

In summary, the most important general feature of
the K p data presented is the tendenéy for dominance of ‘
resonance production through peripheral prodesses with - increasing

' momentum., Only those charge states are prbduced cepiously which
are accessible through exchange of I = 0, 2, or 1 systemsj

angular distributions are characteristic of processes involving

exchange of low-mass systems.



D. Production of = ~Hyperons.

The éross-sections' for =7 ﬁmdﬁction in 2,3,4,5 and 6
body. f:.nal states have been summarized by Barmes et al. (BNI~'
T Syrééus; Collaboration) for K momenta to 5 GeV/c. The data
are given in Fig.9. Analyses of the £inal states by many

groups ha.ve shown that = 's observed in muitipart:icle
final states are either produced in association witﬁ ak” ,

or result from decay of S = -2 baryon resonant states.

E. Production and Decay of the .Q—

A further search by Barmes et al. (BNL group) foi :

7 1s produced in 5 GeV/c K p interactions has yielded
no new unambiguous candidates over the originAl two.
Extensive study of the fitting procedures confirms their
interpretation as valid Q" events. From the sample
size and branching ratios (only for the decay modes observed)
they corre‘spond to a cross-sqction of ~ 2/{ . A study of
the errors gives the following best estimate for the masses: N

Event 1: Revised to 1677 + 9 MeV(?)

Event  2: 1674 + 3 Mev<D)

Average H 1675 + 3 MeV.
(a) V.BE. Barnes et al., Phys. Rev. Letters 12, 204 (1964)
(b) V.E. Barnes et al., Sumbitted to Phys. Letters.

IV, Strange Particle Production in E- = p Interactions at
6,74 GeV/c.

The production of strange particles in 5 - p interactions.
at 6.94 GeV/c has been investigated by Baltay et al. (Yale-BNL
Collaboration). The A~/ final state is shown in Fig.l0,

,
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The angular distribution shows a stPonger peaking than at

3 69 CeV/c, consistent with an ex.change model. In additlon, '

the = Z/ = ”./ and ZAZ7T . final states together with

their charge conjugates were exsﬁnined for consisteney' with

the & or K exchange. model. In all cases, the Y(¥).

or Y* .(T’ 5 charge states observed could be produced through

exchange of I =2, 8 = -1 systems. Similar results were.

obtained in a study of 5.7 GeV/c p - p interactions reported

by R. Bock et al. (CERN-Saclay..Collaboration). ‘
Baltay et al. also carried but a systematic'seai‘ch for ]

events which might be S22  or its charge conjugsbte. No

event with a set'isfaetory £it to any ‘expected 2~ decay ,

mode was ‘observed.‘ Taking into aecoti.nt the path length and

detection efficiency, the upper limit for §T production is

~ 3 for an S~ lifetime of ~ 2 x 10719 gec.
V. Strange Particle Product:.on i.n P -2 Interactlons at

5 5 GeV(c.

Alexander et al. (Rehovoth) have stud.:.ed p - p interactions
at 5.5 GeV/c leading to final states mvolving either a A4 or
K°. For the three-body final states ApAT I P A7
and Z"0PK°  the data suggest that YK systems result:
from excitation and sdbsequent decay of N * (1683) and

* (1920). The effective-mass combinations for the
four~body final states AKNT and = KNI " are shown
in Fig.ll. Strong enhancements are observed at N (1238)
and’ Y (1385) The baryon angular d.:.strlbutlons in all. cases ’
are consis,tent with the dominance of peripheral 1nteractions.

’SAimi]-.‘arly, lfhe extensive studies of 7 2. inte_ract%exis '

at 3 - 4 GeV/c presented by Brannik et al. (Dubna—Bucharest

Collaboration) and Hardy et al. (Berkeley) again: emphasize the
I0 .



increasing :lnpoi'tance at nigheg'monenta of resonance production
~in peripﬁeral coilisions; Conee}lnently, the qualitative -
understanding of much of the data presented was based upon

the exchange model. The question remains as to ‘the

p_ose:.bility that these reactions can be described quantifa—

| tigely by this model..

VI. Discussion of the Ebtcm e Model.
: The most detailed attempts to fit the peripheral model

- have been carried out in the analysis of x* :lnteract:l.ons.
‘Perro-Luzzi et al. ,(CERN) have ex'tended their study-of the
reaction K  — Kop it from 3.0 to 3.5 GeV/c, with qualitatively
similar results (an earlier report is given in Phys. Letters 9, '
359 (1964)). The p#” ' mass distributj.on for their latest 3.0 GeV
data is shown in Fig.12; the K°/7—1' mass spectrunm in Fig.13.

It is clear that the reaction proceeds through either the

K x” (1238) or N K~ (888) intermediate state. We shall
discuss only the N K’ events in this report. The a*
distribution to the k¥ 'g is given in Fig.l4. The Peak
at low A% is again charaeterisfi_c of an exchange mechanism,

Tne angular distribution for the K? decay in its CM
ie most conveniently parameterized in terms of the elements of
the density matrix, f‘y " Choosing the z-a.xis of quantizat:l.on
along the direction of the incident K ’ and the x~axis in the
production plane, the decay distribution is given by
W/0’¢/o'& .;,7[)30 cos?f + _L/z-j,,)}"ﬂ"ﬂ ~J’,’_,k'ﬂ‘ﬂ-m.?¢~ |

- VFRe S, sn2Bcod A5
For the two simplest cases of :Lnterest it is readily shown

that:

(a) exchange of a pseudoscalar meson yields an angular

II



distribution 4 ;cosze,‘so that fa,o =1, andf,,_,,:f,:o'—'a.w i
and ‘ ‘ o
- (b) for vector meson exchange - oo =0 o )

The angular distributions for- the K= .decay at 3.0:GeV/c
_are shown in Fig. 15. Clearly, the reaction is dominated by . -
e_xchange of a vector meeon. However, in order"to account. for
the A‘z dependence, it would be necessary to arbitrarily
- 1ntroduce a form factor with a strong dependence on 4% .
Such a form factor would be in contradiction with other know—
ledge of nuciear structu.re, implying and unacceptably large
radius of interactlon at each vertex., In an effort to over— ‘
cone thls objectlon, Gottfrled, Jackson, and Svensson (to
be published) along with others have developed a modely which’
vat{:ennts to take into ac:count the‘ absorptive pnoceeses{in‘ the
low partial waves. This results in a strong collimation in the
forward direct:.on and a non-zero value for foo .even for
pure vector meson exchange. The elements of the dens:x.ty matrix\
. also assume a dependence on. a% . l

An 1nterest1ng test of the model may be prov1ded by a
comparlsnn of the ‘reactions.

K¥p —> K" Yip (a)

and ’ Kfp——)/(' 7‘70 ' oo (b))
- since the absorptlve proce.,ses in the initial and final st:ates
should be different in the two cases.

A detailed study of reacb:x.on (b) ha.; been nresented by the

Amsterdam-Ecole Polytechm:.que Saclay Collaboration. A conparl-
son of results is shown in Table : IV. The ;agreementvappears A
better than expected if absorptive processes rather than form .~"

factors.actually produce the additional .forward Acpll:i_mation‘. R

12



Hnwever, detalled evaluat:.on of the model has not yet been’

e i L e

carried’ out “for thJ.s case.’

4I"t: {e mterestmg £ note that sinde a proton appears in’
‘: théfinitihl“énd“final‘statéé;“heithéb of the Teactions discus-
sed di‘stingui hes between f and ¢ or ¢ eXchéhgé.‘ :

A7 study of” k'd" interactions has’been reported by Goldhaber

.
U

et al.” (Berkeley) ‘They have' examined’ the reactions’
KR = KEATpn) ey
ana - }("'f/){,o) —->K*~” P//a) . . (d) o
‘The Dalitz plots’are shown in Fig. 16. The K* bands are clear—
1y distinguished. The decay angular distributions are giv?n in
‘Fig. 17. As discussed above, »reaction' (c) is dominated by vector
meson exchange, and ylelds the characteristic sin29 decay disw
tribution with respectto the incident K+ direction. However,
the distribution for (4) confains a large cosZG component,
consistent with a strong contribution from pion exchange. The
corresponding\marked difference:in 4% dependence is shown in
Pe. 18. B
Since the 7 ‘and g have the same isospin, theii
relative contributions to the two reactions must be the same.
Consequently, we conclude that the vector meson exchange has
i=0.
As a final example, We mention the study of ff?’ -
Kaipirt » at 3.5 GeV/c presented by Grard et al. (Brussels;
The scatter piot in Fig. 19 indicates that the reaction proceeds
mostly through the EK* ¥¥ (1238) intermediate state. The 42
distribution to the X* is shown-in Fig. 20. Again the periphe~
ral.natureqfthe process is apparent. In 'Fig. 21, a plot of the

density matrix elements 1s given for three intervals of A% .

13



The large value for ‘foo at low fqu indicates the dominance
.of pion exchange. The non-zero values for the other elements
can be attributed to a small admixture of vector meson excﬂan-
ge or to modifications of the density matrix through absorpf.'
tivé prgcesées. .

It may be eipected that during the next year an adeguate
amount of quantitative data will become available over both
a large;range of incident energies and a wiﬁe variety of fifal
states so that detailed tests can be made of the theoretical
models cur:ently~beiné suggested for description of the exchan-

ge process.

Received by Publishing Department
on August 17, 1964.
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Table T

Summary of measured values of A magnetic

moment,
Experimenters Detector ' : ‘/ﬂﬂ'
(a) |~ tq
R.L. Cool et al. Spark chamber -1.5 = 0.5
W. Rernar et al.(®) | Diffusion cloud “0%*o.6
. Chamber '
T. Anderson and Hydrogen bubble { - =1.3 ¥ 0.7
F. Crawford () Chamber
W.M. Gibson et al. Emulsion 0.5 £ 0.3

(a) R.L. Cool et al., Phys. Rev. 127, 2223 (1962)

(b) W. Kernan et al., Phys. Rev. 129, 870 (1963)

(c) J.A, Anderson end F.C. Crawford, Bull. Am. Phys. Soc. 9,
| 459 (1964)
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Table

IT

Summary of hyperon hasses as determined in hydrogen bubbie chember

e @ e R o e
M, 115,36 = 0.14% . 1115.86 < 0,08
Mo 1197.0 I o.2 1197.53 ¥ 0.10 '1196'.50‘-‘0.26
Mo 1192,25 #Ao.2‘3 119237 to.2
M 1189.4 * 0.2% o 1589.*60 i 0.10 ‘?1190;14@0.19
ﬂz-;ﬂzo 4,75 £ o;1oA 4;87t0.1? 5.00 % 0;'.12 . 5.8%1
M;a"—mf-«‘ 2.85 % 0.30 ;.3.4310.32 2.96 £ 0.16 - 3.8%1
M- ~Dlsr 7.6 % 0.28 8.3 20,25 7.96 ¥ 0,10

(a) R.A. Burnstein et al. Phys. Rev. Ietters 13, 66 (1984)

"Input data, The K~ mass in taken as 493 9% 0,2 and 7

V+Coleman and Schnitzer (this- Conference).-

+

=~ mass as 139.56 WeV,
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Table  IIT

s B
SUMMARY OF CROSS—SECTIONS FOR = AND 5 INTERADTIONS FOR
AN AVERAGE MOMENTUM OF 150 + 10 MeV/c

. ,77!’22 295 e
R.A. Burnstein H.G. 'Dosch ' ' » Averagef
et al.‘ et al.
. + : + +
Z*P ___;,Z';O = 160 -~ 60 mb = 185 -~ 55 mb ) v = 1?4 = 41 mb
_ - : - + - + ' = *
Sp=sp . = 200 ¥ 43 mb =232 = 82 ) - 215 ,32
z;o—a(g’a)*fz =463 £ 73 mb = 450 * 100 mb = 459 59
= (in flight] = 0.57% 0.10
E°m . ' .
s’ (at rest) = 0.4t 0,03 0.39 £ ,03 0.41 * o, 2%
5N

® lncludes value 0.35 X 0,06 obtained by Ross et al, Aull Arm (hys. JSoo) 3, 355 (1953)



Table Iv

Elements of density matrix and crogss-sectionsfor

#k
reactiogns K*+p K +p at 3 GeV/c

G (HP77)

4.49 % 0,30 wdb

Gxtp
L g
A2(63%)

0.5 (GeV/c)?

i+

0.11 0.05

1+

0.34 L o.o4

i+

-0,05 = 0,04

0.76 ¥ 0.15

0.5 (GeV/c)?
0.17 ¥ 0.05

0.29 -~ 0.04

Bk

0.01 - 0.02

18
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