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We have found an event which may be interpreted as the reaction 

p - 	+ A. 	The event was produced in the 72-in. Liquid hydrogen 

bubble chamber. A highly purified beam of antiprotons of 1.99 * 0.03 Boy/c 

was produced by using three velocity-selecting spectrometers. The approximate 

composition of this beam under normal operating conditions was 1.0 : 1.5 ii : 

1.9 	: 0.015 1 . A description of the beam will be presented in a later 

pub lictlon. 

Figure 1 is one of the dzee camera views of this event. Table I 

summarized the measured momenta and directions of all the tracks. The 

table also summarizes the "best-fit" values btalnedby.aeiimtng tha) mtracks 2, 

3, and 4 correspond to a A and its dócay fragments tr and p, respectively, 

and (b) that tracks 5, 6, and I correspond to a 	and its decay fragments 

ad W ropect1vely. The A Is produced at an angle of 10.6 k 0.4 dog and 

the X at an angle of 4.6a0.3 dog' with respect to the incident antiproton. 

0Work done under the auspices of the U. S. Atomic Energy Commission. 

Now at Laboratoire do Physique Atomique et Moteculaire. College do 

, 

	

France, Paris. 

On leave from Florida State University, Tallahassee, Fla. 
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Table I 

Track momenta and directions for event 265 -608 

Track 
No. 

Particle Measured Values 
Momentum 	Azimuth 

(Mev/c) 	(dog) 

Iitted values from V decay 
Dip 	Momentum 	Azimuth 	Dip 
(deg) 	(Mev/c) 	(dog) 	(dog) 

1 p 20190 89.6*0.1 0.7±0.1 

2 A 79.3*0.1 -0.4*0.8 506*9 79.4*0.1 -0.7*0.3 

3 ir 107±4 25.0*1.6 39.7*1.9 101*2 25.3*1.4 40.2*1.4 

4 p 463±13 86.8±0.4 -9.3*0.5 470±8 87.7*0.2 -9.2*0.3 

5 X 92.35±0.1 4.6*0.3 1384±15 92.34*0.03 	4.7*0.1 

6 1180*15 88.5±0.1 80*0U 1164*13 88.6*0.1 7.9±0.1 

7 T 271±10 110.7±0.4 -11.3*0.6 245*2 110.5*0.2 -11.0*0.3 

Li 

9. 
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Both V's were Lit by Least-squares methods to the three different 

hypotheses of A. 71, or K 1 °  decay. The values of the resulting 

functions are tabulated in Table IL The number of degrees of freedom 

(and therefore the expected value of X is three. The x 2  values clearly 

indicate that tracks 2, 3, and 4 correspond to a A decay rather than a 

or 	decay. Likewise, tracks S. 6. and 7 are clearly the decay of a 

rather thana K or A. 

The next step was to decide to Which of the following hype ron - 

antihyperon reactions this event corresponded: 

(a)3+p 
-r- 

(b)+p -. 	+ A • T. 

(c+p 	E°+ 77. Z 0 -A+y 

(d)+p 	£f E0, 	A+'y,E0 — A+' 

(e)j+p 

The most descriptive way found of. displaying the dynamical differences between 

these reactions was to plot the possible values of the laboratory production angle 

versus the laboratory momentum of the A or T for each reaction. These 

were calculated by using the measured incident-beam momentum, 2.03 Bev/c, 

and are shown in Fig. Z. The solid line of Fig. ZA is a contour of allowed 

values of 6 or P.  for the reaction p + p -. X + A. The shaded area is 

the region of allowed values for both the A and 	U the reaction were 

+ p - ? + A + n° . On all figures. 2A through ZC, we have plotted the 

the fitted values of p 4  and 8
A

as well as p  and 9. The size of the 

black points Indicates the size of the errors. Fig. ZB displays the production 

and decay dynamics of p + p -•A. The shaded area is the region in 

which the ii from 	+ y decay may faLl. The soLid line is the contour 

of allowed values of 0 and PAfor  the directly produced A. We have 
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Table II 

Values of x 2  for various hypotheses 

Decay Production 
'and sigma dcay 

Tracks Interpretation x2 Degrees of Interpretation x 2 Degrees of 
freedom freedom 

2,3,4 A 3.1 3 	 AV 	13 2 

nofit 3 	 17 

K°  450 3 Ax 	560 4 

5,6,7 6.2 3 Aln 	90 1 

• A nofit 3 

K°  140 3 

I 

• 	 I 
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also drawn a dotted line for A vaLues corresponding to the best-fit beam 

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

A similar set of curves exists for + p -. 	+ T, where we have 

and A 	r. 	The experlm&ital points1 of course, remain 

unchanged. Fig. ZC shows the allowed region for the -A Or M coming from 

the decay of a 	or 	produced in the reacon p + p -. 	+ 

On the basis of these plots alone, we conclude that the most Likely 

reaction Is (b) p + p . Z+ A . Reaction (c) appears next most likely. 

The other reactions are clearly ruled out. 

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

gained by plotting this event on a sterographic projection or Wolff plot. Figure 

3 Is a reproduction of such a plot and shOws that the two Vs are not coplanar 

with the incident track (track number 1). If we assume that the reaction is 

+ A, then poInt1t?1  would be the predicted direction of the E. Its 

momentum would be 1485 *20 Mev/c. The angle U 7i.y (3.0*0.2 dog) and the 

observed 	momentum (1380*15 Mev/c) axeconsistent with the decay of a 

1485 Mev/c Z . A similar analysis can be made asaumtng the event to be 

+ p 	+ T. Figure 4 Is the resulting etero projection. The predicted 

direction of the E 0  Is given on this plot by the point 	, and Its momentum 

is 580*3 Mev/c. The. angle 8A (7.5 ±0.6 deg) and the observed A momentum 

(520±9 Mev/c)atecónsistont with the decay of a.580 Mev/c E0  . Therefore, 

on the basis of decay either reaction (b) or reaction (c) could fit the observed 

angles and momenta. 

In order to summarize the relative likelihoods of reactions (b) and (c), 

we have constructed.. x 2  functions for the production process plus the decay 

of the antisigma or sigma. With the use of fitted values from the A and X 



-7.- 	 UCRL-901 8 

decays, the number of degrees of freedom for this combination is two. For 

the reaction (b), the composite X is' 13, and for the reaction (c), the 

composite Y, Is 17. Admittedly obtaining a x 2  of 13 or 17 when the 

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

However, before we attach.signiflcance to the actual magnitude of 

we must thoroughly understand the assigned, measurement errors. At the 

present time, our inEotmation regarding systematic errors in the 72-in 

chamber is fragmentary. We mention x 2  only aa an indication of the 

relative likelihood of the various hypotheses. In Table ILwe  have summarized 

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

techniques. It is clear that on the basis of x 2  we cannot decided between 

reaction (t,) and reaction (c). However, the two rates must be equal if CPT 

invariance is not violated by these strong interactions. On this basis, the 

observation of reaction (b) is evidence for reaction (c) and vice versa. 

We have observed only one AT  (or 0) 
 reaction in = 6000 

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

Al will give an observable pair, we conclude that on the basis of one event, 

the frequency of production is about 1/3000. The known total cross section is 

about 90 mb. 2  This indicates that the A + 	cross section is about 30b. 

We have also considered the possibility that this event is the reaction 

n + p K°  + A + v where the K°  decays via the leptonic mode of decay. 

in such a way as to look like a X decay. We have, therefore, calcutated',on 

the basis of dynamics alone the probability for a K to decay giving the 

V that we have interpreted as .A decay. It is impossible for 	- 	+ 	+ tr0  

to fit. However, it is possible toobtain a fit for the decay 	 + v 

and i4 -, e± + + v. But when we estimate the number of events of this 

? type that we should expect to see, on the basis of the known w + p - A + K + rn° 
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background events and the conditions for ambiguity in X vs 	decay, we 

• find tees than lO  of an event. 

It is also dynamically possible for the reaction p+ p -.A + A +.y 

to give rise to the observed event. Thiehowever. Is very unl*kely because 

of the small probability of radiative production with a 'i-ray of 75 Mev/c. 

This experiment would cePtainty not have been possible without the 

stimulation and foresight of Professor Luis W. Alvarez. An experiment of 

this difficulty owes its success to a great many people. Graduate students 

Morris Pripetein and Ngyen H. Xuong have contributed long and tiring hours 

both In the development and in the operation of the anUproton beam. One can 

hardly over-emphasize the indebtedness we owe to the people who built and 

operated the 72-In. bubble chamber, notably James D. Cow, Paul Hernandez, 

and Robert Watt. Members of Professor aurton J. Moyer's group contributed 

to the electronic aspect of the beam development and operation. Our thanks 

go to Dre. Margaret Aleton and Hugh Bradner and the scanners for their 

contribution to the experiment. We are greatly Indebted to Jon Peter Berge 

for assistance in the IBM analysts of our events. Finally we wieh to thank 

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

spilt beam that was necessary for this bubble chamber experiment. 
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LEGEND 

Fig. 1. One view of the event 5 4 p -' 	A or X + 0 found In the 

72-in, hydrogen bubble chamber. 

Fig. Z. Contours of 0 ,." vs p 
A  or 07, vs pA for all possible antihyporon 

production reations yielding A and 71. Momentum of the 

Incident 	is the measured value of 2.03 Bevjc. 	Fitted values of 

observed A and 71 of the sigma-lambda event are indicated by 

black dots. In B. the dotted curve represents A kinematics for 

the fitted 1.97 8ev/c Incident momentum. 

Fig. 3.. Stereographic plot of the 	A interpretation. 

Fig. 4. Stereographic plot of the 7L + 	interpretation. 
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