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In the course of an experiment to study the associated production processés

w‘+p~ A+K°. i ' | B (1)
and
u‘,+p-2°+K°.- z:o-A+y. : ' (2)

we hve examined subsequent A interactions in hydrogen of the types -

At+p = A+p, - | )
. P P : TR 0, i P . - YL s wRalEe LERRLY e SELLT 3D 4
A * p -l B -* p N » i s HF Z LE R ‘4)
Atp—+ T +p. | , (5)

In this Letwte‘r we present resﬁlts for reactions (3) and (4), basedlon a aémple
of 5000 A‘i. produced in the Alvarez 72-in. hydrogen bubBle chamber. [We postpone
discussion of reaction (5) to a later publication. ]

In addition, we set .an upper limit to the pién-producing reactions

A-l-p-'vA*l'p'l"u'o. (6)

and
A+p —» A+n+1‘r+
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_'I’lio A "beam' momentum extends from 400 to 1000 Mev/c, and corresponds to !
the associated produciion brocesses (1) and (2) for ihcideof 1‘&"'3 of 1035 Mev/c. The -
dictrib&tion of | A moﬁ:éntum versus pathlength is ahoﬁt/_;_f"ih F’ig; 1. It includesd two
| cutoff corrections: (a) single vO decays of K° or A (without subsequent scatter)
are rejected it tfxo neutral pasrticle tro,'ve'lé leas than 0.5 cm before decaying; (b) -only
thoso A interactions that occur within 10 cm of the production point are accepted, |
Cutoff (a) serves to oxclude spurious Vo's due to two-prong events. Cutoff (b)‘ ’
~while: 1ncluding most of the A path length before docay. eerves to minimize the
R geometrical escape correction, and helps to exclude random background recoil protons '

from candidacy, . |
" Lambda interactions that are followed by the ohargod decay A-=p+w are
detectable whether or no# the associated K° unde'rgooi";charg'cd decay. Interactions
: followed by the neutral decay A —»n + 'ao are also detecta.bla and are used. provided
. that the Ko decaya via the charged mode, The kinematics and measuring errors are
such that there is no difficulty in distinguishing between reactions (3) and (4).

Some o! the interactions were iound by scam;;:rs An tho ﬂrst scan. However,
the main uarch for interactions consisted of (a) a systematic examination on the
| ‘scanning table of all single and double Vo events which failed to natiafy the kinematics )

,lfor prodnction via. reactions (1) and (2) : a.nd (b) an exammation on the scanning
~ table of all ninglo ‘Vo events where the decaying ncutral is 1denti£ied as a Ko Here
one looks for a recoil proton starting from the line of fhght of the A. —.

Recoil protons of lesa than 0.5 cm are dxfficult to detect and havo beon excluded.
Our elaatic-acattering cross saction [Reaction (3)] therefore doea not mclude small
angle scatters of the A. The excluded angular region depends on the momentum of

the incident A, and is indicated by the shaded region in Fig. 2.
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The correction to the integrated cross section depends on the shape of the
‘angular distribution. The elastic- scattering croés'sectibns include a cutoff correction -
. for which uniformity in cos GA {c.m.) and PA (lab) is asaumed. From Fig. 2 we see’
.that. within the limited atatistica. these assumptions are satisfied. The correction
factor amounts to 1.074 for P, (lab) from 400 to 638 Mev/c; and 1.028 for P, (lab)
above 638 Mev/c, the threahold for =° - p production.

In the cases of the endothermic processes (4), (5), and (6), the proton range
exceeds 0.5 cm for all pioduction angles over the entire range of PA (lab), so that-
there is no corresponding cutoff correction. -

vﬁ'e'tailin of the individual events are fouud in Table 1. Figure 2 shows the laboratory
mbmenthm of the incident A and the c¢c.m. angle .of the final hyperon (relative to'.thc
incident A) ‘for' each event, Table II giveo‘ our cross-section results, The elastic~
. _sthtering cross qol'ctionvia given for the entire momentum interval, and separately for
,.__:\'the intervals below and above 638 Mév/c. ‘the threshold for reaction (4). The upper :
lh_-i:it ‘gtve.n for ;the plen-producing reaction (6) is the cross section that would corres~
pond to finding a single event instead of the number (sero) actusily found. - '

Our elastic-scattering cross section can be compared with the previous result
bf Crawford ‘et' al., 1 ‘obtained in substantially the same momventum intervall Based on
, four events. they found a cross nection of 40+£20 mwb, which is not in disagreement with
'our result af 22.345.9 mb.

Information from ntudy of hyperfragmenta has been used by Kovacs and Lh:htenber:g2
~ to calculate the elastic-scattering cross section at 416 Mev/c (75 Mev) and at 598 Mev/c
(150 Mev). They chose a phcnomenqlogical central potential with a hard core and
considered only angular momenta of < 2. Their calculated results are 26 and 21 mb
at 416 and 598 Mev/c, respectively, when no spin-orbit term is included, and 34 and

32 mb when spin-orbit interaction is included. Our measured value of 24.7%9.3 mb for
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the interval 400 to 638 Mev/c is compatible with either calculated result. Thus we
agree with the érediction from hyperfragment data, but cannot aistinguish betwe.en

’th;e presence c;i;'absence of spin-orbit terms.

, In the Doublet Approximation (DA), 3 the T - A mass difference is neglected

© and 26 and A are combined into the two doublets (N, = BZ+ » (A- =9 )/ ﬁ-]

and Ny = [(A# 20) / \/3_—, Z7]. Both N, and N, have the same coupling to the pion
fiéld. This pion coupling need not be the same as that of the nucleon doublet

Ni = [p.n]. In addition, a new quantum number is introduced which prevents mixing.
.of the doublets. 3 {For instance, T~ +p - Z‘.+ +n+w 1is forbidden in DA).l The

, tl:ba'sa difference between N, or N3 and the nucleon N; is not neglected. |

| Ome can then show that

| ?é{thp-»Ap) +otap~20p)] = 0@t p 2P vomTp - 2700, (7)

Of course, Eq. (7) can only be valid at energies high enough that the actual £ - A mas
 difference is negligiblé compared with the c.m. kinetic energy. For instance, Eq. (7)
| is certamginalppltggble bhelow threshold for Ap -~ Zo p. As a fu'st approxima.tion to
a test of Lq (7)s we compare our results for the reactio;xs on the left side of I:.q. {7)
to those of Stannard4 for those on the right side. We consider the Ap-- Ap cross
aécficm anly for P A {lab) above 638 Mev/c, the threshold for reaction (4). Our range
of vtotal c.m. energy corresponds to a LZ-p c.m. momentum range of 0 (at threshold)
to 314 Mev/c {for 'PA (l2b) of 1000]. Stannard's results correspond to a Z-pc.m.
momentum range of 0 to about 600 Mev/c.

We find
2[0(hp—-Ap) +o(ap~ 20 p] = 57218 mb.
Stannard finds

o@=tp-ztp)+oE p+2"p) = 48£17 mb.
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Within the statistical errors, the prediction [Eq. (7)] of the Doublet Approximation
is well satisfied. _

In the theory of Global SynimotryA(GS)? the anumptioxj (in addition to those of
DA) is m_ado that the pion c_oupHng of Nz and N3 is the same as that of the nucleon Ni .
and the mass difference between Nz or N3 and Nl is neglected. One can then predict
Nl - NZ or N1 - N, interactions from Nl - Nl (nucleon-nucleon) interactions. De Swart
and Dullemond have used potentials yhat fit available nucleon-nucleon scattering data,
“{n linear combinations prescribed by GS, to predict cross sections for hyperon-nucleon
.iatoractionl. 6 They take exactly into account the X - A mass difference in the
‘kinematics (but neglect the X -nucleon mass difference). Their predictions for

"A-p elastic scattering and for mo -p production [reaction (4)] are shown in Fig. 3,

together with our experimental results. Within statistics, our cross sections agree
with the predictions of GS. |

De Sv}art and Dullemond also predict angular distributions for A -p elastic
scattering at 475, 640, and 815 Mev/c. These momenta cover our range of P A fairly
well (see Fig. 1). With our limited statistics we can check at most a single parametér
* of the angular distribution. We examine our ratios for forward to backwards scattering
' (F/B) and for polar to equatorial scattering (P/E). Since we see no strong momentum
. dependence in the elastic-scattering cross section, iﬁd since the predicted angular
distributions do not vary drastically over our momentum range, we average with equal
weight the theoretical predictions for F/B and P/E and compare them with our |
Qntire sample of 14 events,

For F/B we find 7/7 = 1.0£0.5. The prediction of GS is 1.5.

For P/E we find 9/5 = 1.841.0. The GS prediction is 2.0.

It is a pleasure to acknowledge the guidance and encouragement of Prof. Luis W,

Alvarez.,
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Table 1. Details of the interactions,

Frame Initial lab momentum | C.m. momentum Cos OY (c.m.) '
of A v : o
(Mev/c) _ Initial Final

A, A+p '-A+p_

602103 418 188 183 +0.35

722504 421 ' 189 189 - 0.92
739246 436 196 196 +0.37
865515 447 200 200 4019
818550 483 - 216 216 - 0.94
586135 532 236 236 + 0,65
537508 R 11 246 246 - 0.64
834420 678 | 297 297 +0.23
864246 684 300 300  +0.58
814534 787 | 341 341 - 0.99
602317 796 345 348 . 0.99
857282 822 355 355 +0.73
539021 - 921 393 393 - 0.99
724478 977 413 413 - 0.20

B, A+p —» 2_°+L

861205 646 284 42 - 0.11
586381 788 341 193 - 0.30
692127 943 401 285 +0.78



Table . Summary of ros‘s-sectio rss

Reaction P A {lab) No. of events A path length Cross section
(Mev/c) (cm) (mb)
A+ p > A+p 400 -1000 14 18770 22.325.9
A+p = A+p 400 - 638 7 8700 24,7%+9.3
A+ p= A+p 638 - 1000 7 10070 20.427.7
A+ p~204p 638 - 1000 3 | . 10070  8.544.9
.’A+p+‘n‘° : . SR
A+p ~ + ( 880 -1000 0 . 1986 - <l4x14 -
At+tn+nxw : : ‘

L986-THON
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FIGURE LEGENDS

Fig. 1. Distributionof A path length versus momeﬁtum. The arrows
indicate the thresho_idl for reactions (4) and (6V).

Fig. 2. Details of the interactions. Solid circles indicate elastic scatters
[reaction (3)]. Open circles represent 0. p production [reaction (4)].
The shaded region corresponds to elastic scattering in which the recoil

proton has a range of < 5 mm,
~ Fig. 3. Comparison of our cxperiinor’xfal results with the predictions (based
~om Global Symmetry) of de Sﬁgrt and Dullemond. 6' The upper curve and the

solid drclcfs‘reprc-ent‘ elastic scattering. The lower curve and open circle
o N .

correspond to £~ - p production.
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