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EVIDENCE FOR THE REACTION T+ P — 20+ 4"

Janice Button, Philippe Eberhard, ¥ George R. Kalbfleisch,
Joseph E. I..;ato.nmztt‘.i.§ Gerald R. Lynch,

: Bdgdan C. Magli¢, and M. Lynn Stevenscn

Lawrence Radiation Laboratory
University of California
Berkeley, 'Ca_lifornia
April 18, 1960

We have found an event which may be interpreted as the reaction
P+ p - ;‘4—5 + A, t The event was produced in the 72-in, liquid hydrogen
bubble chamber. A highly purified beam of antiprotons of 1.99+0.03 Bev/c
was produced by using three velocity-selecting spectrometers. The approximate
composition of this beaﬁu under normal operating conditions wa;n 1.0p: 15w~
‘1.9 u=:0.015 K™ . A description of the beam will be presented in a later
publ‘ication; |

Figure 1l is one of the ttree camera views of this eveﬁt. Table 1
summarized the measured momenta and direétions of all the tracks. The
table also summarizen the ''best-fit" Vélues‘%t@imdvby.asia‘uming that- (&) tracks 2,
3, and 4 correspond to a2 /A and its decay iragmenta v and p, respectively,
and (b) that tracks 5, 6, and 7 correspond to @ A and its decay fragments p
§nd 1r+, respectively. The A is produced at an angle of 10.6+0.4 deg and

/f’the A at an angle of 4.6:0.3 deg’ with respect to the incident a,ntiproton.

[ .
Work done under the auspices of the U.8. Atomic Energy Commission.

;" ?Now at Laboratoire de Physique Atomique et Moleculaire, College de

J France. Paris.

gOn leave from Florida State University, Tallahassee, Fla,
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Track momenta and directions for event # 265-608

Track Particle

Measured Values

Fitted values from V decay

No. Momentum Azimuth Dip Momentum  Azimuth Dip
(Mev/c) (deg) (deg) {(Mev/c) (deg) (deg)

1 ) 2019420 89.620.1 0,720.1

2 A 79.3 ¢0.l. -0.420.8 | 5069 79.4%0.1 -0.7%0.3

3 w 10724 25.041,6 39.721.9{10722 25.3%1,4 40.221.4

4 p 463213 86.820.4 -9.3%0,5| 4708 87.740.2 -9.220.3

5 A 92.35%0.1 4.620.3{1384215 92,3420.03 4.720.1

6 P 118015 - ' 88.540.1 ¢81040:1]1164413 88.6+0.1  7.920.1

7 - 271410 110.740.4 11.320.6| 24542  110.540.2 -11.020.3
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Both V's were fit by least-squares méthoda to the threoe different

hypotheaes of A, A, or K.lo decay. The values of the resulting xz
functions are tabulated in Table II. ‘The number of degrees of freedom
(and therefore the expected value of xz) is three. The xz 'va‘luea clearly
indicate that tracks 2,3, and 4 correspond to a A decay rather than a Klo
or X decay. Likewise, tracks 5, 6, and 7 are clearly the decay of 2 A4,
rather than a K!o or A.

" The next step was to decide to which of the following 'hyperonv -

antihypetoh reactions this event corresponded:

@F+p =~ A+A

(N?“*p* ;3.5"*'1\. F»ﬁ*y
(c)p+p » 09+ X, ‘EO*A*-Y
S0, 0 0 0

(d)p‘+§ - E+EZ, B - A+y,E - A+y

(e) P +p ~_,‘K+Afﬁ?. o

The most descriptive way found of dibplaying the dynamicél differencee between
these reactions was to plot the possible values of the laboratory production a.nglé
versus tfxe laboratory momentum of _thé A or K for each reaction.. These.
were.éalculated by using the measured incident-beam momentum, 2.03 Bev/c,
and are shown in Fig. 2. The solid line of Fig. 2A is a contour of allowed
_vames of GA or p, for the reactlion P+ p - AR+A. The shaded area is

~ the region of allowed values for both the A and A if the reaction were

Prp~ A+ A+ “O . On all figuree. ‘2A through 2C, we have pl.ott@d the

the fitted values of .py and 68, ae well as Py and 64. The sf.ze 91' the
black pointe indicates the size of the errors. Fig. 2B displays the production .
and decay dynamics of p + p '»-gA . The shaded area is the region in
which the A\ from .;6- R +y decay may fall. The solid line is the contour

of allowed values of BA ‘and Pa for the directly produced A . We have
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Table 11
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Values of )(2 for various hypotheses

, Decay Production
% {and sigma decayi
1
Tracks |Interpretation ;. xz Pegrees of Interpretation X Degrees of
freedom freedom
2,3,4 A 3.1 3 A% 13 2
E no fit 3 L Px 17 2
| K° 450 3 i AK 560 4
5,6,7 X 6.2 3 AR {90 1
A no fit 3 E
K’ 140 3 H
] t
.’{-
}
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~aleo drawn a dotted line for A values correéponding to the best-fit beafn ‘

momentum for reactions (b) and (c) obtained by fitting the production process.

A similar set of curves exists for p +p - 9+ 7N, where we have __ | \\
zﬁ et 2:0_ and A K" The experimmtal points, of course, remain’ \

unchanged. Fig 2C shows the allowed region for the A or A coming from
the decay of a ZO or ? produced in the raacgiaon ptp ‘;ﬁ"+ 29

On the basis of these plots ;ione. we conclude that the most likely
reaction is ®) p +é - ;6_.+ A . Reaction (c) appears next most 1ikely.

The other reactions are clearly ruled out.

There is additional information not shown on these graphs which may be

P

gainéd by plotting tﬁis event on a sterographic pt"‘ojection“or Wolff plot. Figuz:e
>3 is a raéroductiOn' of such a plot 2and shows that the two V's are not coplahér
with the incident P -track (track numwber l) If we assume that the reaction is .
;}T + A, then pomt";o-" would be the predxcted direction of the -ED— Its

momemum, \‘Lould be 1485 %20 Mev/c. The angle 6 AF (3.0£0.2 deg) and the

observed 7\_ momentum (1380 %15 Mev/c) areconsistent with the decay of a

1485 Mev/c E: . A similar analysis can be made assuming the event to be

Dtp- Eo + A . Figure 4 is the resulting stero projection. The predicted
P : 4

direction of the Eo is giveix on this plot by the point "ZO" , and its momentum

is 580 %3 Mev/c. The angle eAE (7.5+0.6 deg) and the obéerved A momentum .
(520 £9 Mev/c) are consistent with the decay of a 580 Mev/c £, Therefore,

‘on the basis of decay either reaction (b) or rea.ction‘(c) could fit the observed

angles and momenta.

In order to summarize the relative likelihoods of reactions (b) and (c),
we have constructed . x_z functions for the production process plus the decay '

of the antisigma or sigma. With the use of fitted values from the A and A
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decays, the number of degrees of freedom for this combination is two. For
the reaction (b), the composite xz is 13, and for the reaction (c), the
composite xz- is 17. Admittedly obtaining a xz of 13 or 17 when the

expected value is 2 indicates that reactions (b) or {c) are not very likely.

. Howevar. before we attach. sigmﬁcance to the actual magnitude of xz.

we must thoroughly understand the assigned measurement errors., At the
present time, our informration regarding systematic errors in the 72~in

chamber is fragmentary. We mention x?' only as an indication of the

" relative likelihood of the various hypotheses. In Table II,we have summarized

the composite xz for the reactions that we could treat with our present

techniques. It is clear that on the basis of xz we cannot decided between

reaction {b) and reaction (c). However, the two rates must be-equ,al"if CPT

invariance is not violated by these strong interactions. On this basié. the
observation of reaction (b) is evidence for reaction {c) and vice versa.

‘We have chserved only one A-?Fr (or KEO) reaction in = 6000

_antiproton interactions. Since 2/3 x 2//3 = 4/9 of the reactions yielding

AR will giv'e an observable pair, we conclude that on the basis of one event,

the frequency of production is about 1 /3006. The known total cross section is

about 90 mb 2 Thie indicates that the A +;F-crosa section is about 30;&5
We have also considared the poseibality that this event is the teaétion

n +p -~ Ko +A+ '«o where the Ko decays via_ via the leptonic mode of decay

in such a way as to look like a K decay. We have, thercfore, calcnlated on

the basis of dynamics alone the probabmty for a Kg to decay giving the

{

V that we have interpreted as A decay. It is imposaible for Kg - w+ +nl+ uo

to fit. However, it is possible to obtain a fit for the ‘decay modes Kg"u '~+‘1'n; i
and Kg -e® 4 v; + v. But when we estimate the number of events of this

type that we ahould expect to see on the basis of the known w~ +p = A + K9 + 9‘“}9 L
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background events and the conditions for ambiguity in Kg iq_ R decay, we
‘ 6 of an event,

It is also dynémically possible for the reaction p +p ~ A + A +y
to give rise to the observed event. ,Thie)however. is very unlikely because
of the small prob#biuty of radiative "production with a y-ray of 75 Mev/c. "

Thia experiment would co?féinly-not have been possible without the :
stimulation and foresight of Professor Luis W. Alvarez. An experiment of
this difficulty owes its succeas to a great many pé'opl_e. Graduate students
M\orria Pripstein and ﬁgyen H. Xuong have contributed long and tiring hours
Soth in the development and in the oper:ation of the antiproton beam. One can
hérdly over -emphasige the mde-btednessv we owe to the people who built and
operated the 72 -in. bubble chamber, nétably James D. Gow, Paul Hernandez,
and Robert Watt. Members of Professor Burion J. Moyér'a gréﬁp contributed
to the electronic aapéct of the beam development and operation. Qur thanks
go to Dre. Margaret Alston and Hugh Bradner and thé scanners for their
contribution to the ekperimeht. We ére greatly indebted to Jon Peter Berge

for assistance in the IBM analysis of our events. Finally we wish to thank

the Bevatron crew who had the difficult task of producing the high-flux, short-

.8pill beam that was necessary for this bubble chamber experiment.
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LEGEND
One view of the event p+p = £ + A or A + 20 found in the
72 -in. hydrogen bubble chamber. |

Contours of 8 vs py or 6= vs p= for 2ll possible antih peron
@ A A A y

production re&ctxons yielding A and x. Momentum of the

incident P is the measured value of 2.03 Bev/c. Fitted values of

observed A and A of the aigma-lémbda event are indicatéd by
black dots. In B, the dotted curve represe.nts A kinematics for
the fitted 1. 97 Bev/c incident momentum.

Stereographic plot of the _—d-+ i mterpraté.ti.on.

Stereographic plot of the A + =0 interpretation.
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