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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT
!

Predictions for p p annihilation, based on a quark model, are
compared with experimental data. The model fails to give a quanti-

tative description of the reaction.
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. 'R'ecently. Rubinstein and S.‘.ern1 dérived predictions for nucleon-

‘.antixiucieon annihilatiéns based on a simple and interesting quark model,
'. They assumed that in the annihilation process the three quarks and the ,

" three antiquarks that make up the initial state rearrange into three

quark=-antiquark pairs, i.e. three mesons. 2 They further assumed a
one-to-one correspondence between the quarks in the initial and final

. 3 .
states, including their charge, strangeness, and spin state. In this

.note their predictions are compared with the experimental data on p p

4-10

- annihilations at rest. |

Prediction 1: Annihilation results in three and only three mesons.

Unfortunately only 38% of the annihilation events can be com-

pletely analyzed, and distributed among the various final states in hydro-

gen bubble chamber experiments. 4.9 {(The remainder result in more

- than one unobserved neutral particle,) Of this 38%, 5 + 1% cor~

4,9,10

respond to two-meson, 5 13 + 1% to three-meson, and

4,9

20 £ 2% to four-or-more-meson final states. The findings are
in gerious disagreement with the prediction, |

Prediction 2: No strange particles are produced, .

Experimentally the fraction of all annihilations involving KK
8
pairs is 6,82 £ 0,25%. The small rate for the associated production of

strange-particle pairs, however, is a common feature of all elementary

_ particle interactions.

- Prediction 3: Because of its strange quark content, ¢-meson pro-

duction is severely limited,
Res;uits of the Columbia experiment, as quoted in Table V of

Ref. (11), give

& Qs



teractions.

-2- ' UCRL-16934

PP”“+" 4’—0006*0003

PP~ T W

l'in' {good agreement with the prediction. The same table shows, how- ¢

o : . . C
ever, that a similar suppression of ¢ production exists in T p in-
12 ' '

Prediction 4: In Ref.‘(i)‘ the annihilation products are predicted to be

"distributed among the various three-meson states as shown on line 2

of Table L. 13

If we make the additional assumption that the singlet and triplet
isotopic spin states contribute equally to the annihilation process, we

must modify these predictions. The relative weights of the annihilation

process in the available eigenstates of IGJP become

ot0™:1707:0717:1%17: 1 1/8:1/8:3/8:3/8 .

With this plausible modification of the model we get the predictions

shown on line 3 of Table I 14 The experimental results shown on
line 4 clearly disagree with either set of predictions.

€

To summarize, predictions 1 and 4 are nof fulfilled; the agree~

ment of the experiment with predictions 2 and 3 does not provide a M
strong argument for the model, since these predictions a:lso hold
true for reactions in which the assumptions of the modei are inappli-
cable,

| The overall picture indicates that the quark model in its simple
intuitively appealing form used in Ref, (1) does not lead to a quantitative
understanding of antiproton annihilation. A more sophisticated form

b

will be neéés sary to obtain agreement with experiment.






T T_able-_..vI sttnbutxon of £ma.1 sta.tes in the reactxon

' pp -3 mesons.,-'.

 UCRL-16934
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Prediction of ; T ' ‘ : s
'Ref. (1): % of 8 12 25 - 28/
L oall annihilations_ : : '

. Modified pre-

‘diction (see text): , 4 6 30 24
- % of all annihilations : :

"Experiment: S 2T £ 00T €32 20,5 0 (c) . (c)

% of all annihilations - . :3.5 + 0.6 ®) <35 40,4 (P) 5.4 %037 3.4£0.577,

(a) Reference (6), (7)

“limit for. pp'- 3“0.

“(c) References (4), (9)

anmlulatlons with no charged prongs.

_,: (b) These values are gwen in References (9) and (15) respectwely for

'I‘hey therefore constxtute an upper
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* This model was independently considered by E. Teller (Lawrence & g

G, 'B. Chadwick et al., Oxford-Padova collaboration; Phys.
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) zdata are available. In Ref. (1) a more complete 11st of

P pred1ct1ons is gwen. | T 1'

strongly limited, Wxth the suggested mod1f1cat1on in the

. "'model this prediction no longer holdSt_.ﬂ"- ™ and ““0“0

: _. become the dominant annihilation channels in the 1J
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;’;15 J’ G. Loken and M, Dernck Phys. Letters3 334 (1963)

. UCRL-16934 -

A14 The authors of Ref. (1) also pred1ct that n producnon W111 be | o "

GP 00“

s state. Experimentally the 'n1f+1r_ fina.l state is observed to .
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report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
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