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- + CHARGE EXCHANGE AND THE RE.ACTION p + p ::1n + n + 11 + 11 

01<1 3.0, 3.6 AND 4 • .J GeV/c .ANTIPROTONS 

O. Czyzewski~, B. Escoubes:iEk', Y. Goldschmidt-Clermont, 

M. Guinea-Moorhead, D.R.O. Morrison and S. de Unamuno-Escoubestt 

CERN, Geneva, (Switzerland) 

Photographs from the 81 cm Saclay hydrogen bubble chamber 

operating in 3.0, 3.6 arid 4.0 GeV/c separated antiproton beams from 

the CERN proton synchrotron were used to study the reactions: 

-
p + p ----:irn + n (1) 

The slope of the t-distribution for charge exchange is shown to 

be less than that for elastic scattering and the value of (d0/dt) at 

t = 0 is shown to be about the same as for the reaction p + n--tn + p, 

as would bEJ expected from some models of crossing syrLJJetry. For (2) the 

production of double isobars is found to be much less frequent than in the 

related reaction p + P---1 p + p + 11+ + 11 , possibly due to the requirement 

of exchanging 2 units of charge in the former case. An enhancement is 

observed in the (n11+11-) and Cn~+11-) systems which could be attributed to 

the 1688 MeV isobar which is shown to decay partially by the (3/2,3/2) 

isobar. 

68,000 photographs of 3.0 and 3.6 GeV/c antiprotons were scanned 

twice for reactions (1) and (2) and, in addition, 19,000 photographs of 

4.0 GeV/c were scanned twice for reaction (2). Events with associated 

K-mesons were rejected. 578 neutral "stars 11 with an odd number of prongs 

were found downstream from a zero or two-prong antiproton interaction. 

Reactions (1) and (2) must be separated by measurement and 
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simultaneous kinematic fit· of interaction and star, from the :r'eactions 

where one or more additional n° are produced at the interaction, and 

from the spurious events arising by the chance coincide.nee of an anti­

proton in:t,erac'tion in the chamber and of a star produc.ed by an anti­

neutron coming from outside. 

An important feature of the analysis was the use of the reaction 

P + P----tP + n + n (3) 

(1) 
previously reported • Events of reaction' (3) which had an anti-neutron 

star apparently associated with them, were used in two ways: (a) as a 

measure of the detection efficiency of anti-neutrons for the various types 

of anti-neutron reactions ~nd (b) a possible contamination in the charge 

exchange reaction of events with additional neutral pions was evaluated 

by amputating the two charged tracks of the proton and n and then 

attempting a fit of the resulting zero prong plus anti-neutron star 

to the charge exchange reaction. 

Details of the procedure and of classification of the antiproton 

and antineutron interactions are reported el.~ewhere (2 ). It is shown 

that the contamination of reactions (1) and (2) by similar ~ea~tio~s 
with an additional n° is less than 10°/o. Finally, 30 events of 

reactions (1) and 91 events of reaction (2) were used. 

+ " The charge exchange cross-section was found to be 2.0 - 0.6 mb 

and a cross-section of 2.0 ! 0.7 mb was obtained for reaction (2). 

The distribution of -t, the.square of the four-momentum transfer, 

are shown in Fig. 1 for tlie elastic( 3) and the charge exchange scattering 

of antiprotons as obtained in the present experiment. It can be seen 

that the charge exchange cross-section has a much broader forward peak. 

At 1. 61 Ge V / c ( 4) similar results wer~ found. 
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A cne-pion exchange model 0alculation with inclusion of absorpti0n 
(I:)) 

effects, has been made by hingland _, who found good agreement with the 

present experimen~al results, as can be seen in Fig. 1. Also, the 

energy dependence of the charge-exchange cross-section agrees reasonably 

with the predictions of one-pion-exchange model (Fig. 2). · 

In Fig. 1, is also shown the differential cross-section for the 

neutron-proton charge exchange reaction p + n_;;rn + p studied by Palevsky 

et al. (6). It can be seen that in the limit of small -t values, the 

differential cross-sections tend to become equal. Such behaviour of these 

t th . h d' t d.b ·B. 1 'C k.(?) wo processes a ig energy was pre ic e y ia as ana zyzews i on 

the basis of crossing symmetry and analycity of amplitudes. 

Reaction (2) may be compared with the reaction 

+ p + p~p + p + n + n (4) 

which is dominated by the production of the isotopic-spin-favoured com­

binations (pn+) and (pn-) 0f the (3/2,3/2) isobar. Thus, reaction (4) 

proceeds "through double isobar :productio'n (3 ) ( g) 

.p + P ~ Ntt+ ( tt+\ - + --·- -, -:- N 1 ·-~ p + p + n + n (5) 

in 55°/o and 58°/o of the cases for 3.25 and 3.6 GeV/c incident antiprotons, 

respectively. For reaction (2), the (nn-) 'and '(nn+) states of the isobar 

are similarly favoured by isotopic spin. They are indeed found as shown 

by Fig. 3A. A fit to a Brei t--Wigner distribution and a phase space back­

ground indicates that 43 ~ 10°/o of the events proceed via the production 

of one isobar. No corresponding enhancement is found in the (nn+) and 

(nn-) effective mass distributionsJ these combinations having a smaller 

contribution of the I = 3/2 amplitude. A search for events snowing qouble 

isobar production 
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(6) 

gave a negative result (Fig. 3B). That isobars are produced frequently 

singly, but not doubly as in reaction (6) can be understood by ob­

serving that, whereas reaction (5) can proceed by the exchange of one 

unit of charge, re~ction (6) requires the exchange of two. The small 

value of the cross-section for reaction (6) can be related by SU 3 to 
. (10) 

the smallness of Q- production cross-section by antiprotons . 

binations is shown in Fig. 4. 'fhere is a peak near 1700 MeV which may 

b d t b f t ir • b f b t 1688 Me·v· ( ll) • e assume o e one or more o Lle iso ars o mass a ou • 

A fit to the distribution indicates that in 48 ± 14°/o of the reactions 

an 1690 MeV isobar is formed. 

A question of some interest is whether this isobar decays by a 

cascade process 1 that is N:i''t --4 N:f + n N + 1t + n. In Fig. 5, the 

distribution of the (mt-) and (nn+) effective masseE1 for events in the 

1690 peak is shown, which indicates that in about 50°/o of the cases 

( I I ) . ( + -) (- + -) the 3 2, 3 2 isobar is formed. rfaking even ts with nn n and nn n 

masses higher and lower than the 1688 MeV isobar, there is appreciably 
:f 

less indication of decay by the formation of the N3 , 3 isobar, but with 

the limited statistics available, this background is such that it is not 

possible to say wbat percentage of the 1690 MeV isobar events decay 
:f 

through the N313 isobar. ETidence for this cascade decay was also found 

f th h t t f th 1688 . b . t th ' . t (12113 ) or o er c arge s a es o e iso ar in wo o er experimen s . 
. 

In reaction (3) no indication was found of production of p-mesons. 
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measurers. It is a pleasure to acknowledge the support of R.Armenteros and 
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~re Captioll§. 

Fig. 1 

Fig. 2 

Fig. 4 

Fig. 5 

Differential cross-sections as a function of -t, the square of 

the four-momentum transfer. The errors are statistical. 

'rotal change-exchange cross-section as a function of laboratory 

momentum. The line drawn is the (plab)-2 dependence of the 

cross-section predicted ppproximately by the O.P.E. model and 

normalised using the cro.ss-section of 1.5 mb at 3.0 GeV/c ob­

tained from the calculation of Ringland(S). 

(A) Effective mass dis tri,butions. of all (n; +n) and (TI-;;) combinations. 

(B) If one of the (1/n) or (ii;-n) combinations has a mass near 

* that of the l'L;; 3 isobar, then the effective mass of the other 
-' ' 

combination is plotted. 

( + - ) ( + --) n TI n and TI TI n effective mass distribution. 

mass is near 1688 MeV, then the (TI-n) 

effeoti ve mass is pl9tted and :Lf. t~e (TI +1,-n) effective mass is 

("'" +-n) near 1688 then the '" effective mass is plotted. 

Re.ferences 

1) O.Czyzewski, B.Escoubes, Y.Goldschmidt-Clermont, M.Guinea-Moorhead, 

T.Hofmokl, D.R.O.Morrison and S. de Unamuno-Escoubes, 

1964 Dubna International Conference on High Energy Physics or CERN/ 

TC/PHYS 64-26. 

2) O.Czyzewski, B.Escotibes, Y.Goldschmidt-Clermont, M;Guinea-Moorhead, 

D.R.O.Morrison, S.de Unamuno-Escoubes, CERN report, to bo published. 

PS/525C/mk 



- 6 -

CERN/TC/PHYS 66-3 
11.2.1966 

3) O.Czyzewski, B.Escoubes, Y.Goldschrnidt-Clermont, M.Guinea-Moorhead, 

'r.Hofmokl, D.R.O.Tforrison and S. de Unarnuno, 

Sienna Inst. Conf. on Elem. Particles, Vol. I, p.271 (1963). 

4) O.K. Hinrich, B.J. Noyer, J.A. Poirier and P.M. Ogdien, 

Phys. Rev. 12J'., 617 (1962). 

5) G.A. Ringland:, Private communication. 

6) M. Palevsky, J.A.Moore, R.1. Stearns, H.R. Muether, R.J. Sutter, 

R.E. Chrien, A.P. Jain and K. Otnes, 

Phys. Rev. Letters .2., 509 (1962). 

7) A. Bialas and O. Czyzewski, 

Phys. Letters 1.2, 337 (1964). 

8) C. Baltay, T. Ferbel, J. Sandweh~s, H.D.Taft, B.B. Culwick, W.B. Fowler, 

M. Gailloud, J.K. , R.I. Louttit, T.W. Morris, J.R. Sanford, 

R.F. Shutt, D.L. Stonehill, R. Stump, A.M. Thorndike, M.S. W~bster, 

W.J. Willis, 

Stanford Nuclear Structure Conf. ( 1963). 

9) H.C. Dehne, E. Lohrmann, E. Haubold, P. S()ding, M.W. 'reucher and G.Wolf, 

Phys. Rev. 12.§., B.843 (1964), and private communication. 

10) H.S. Lipkin, Argonne National Laboratory, Physics D.ivision, Informal 

Report, August 1963. 

11) 

12) 

P. Bareyre, c. Bricmann, A.V. Stirling and G. Villet, 

Phys. Letters 18, 342 (1965). 

S.P. Almeida, H.W. Atherton, T .ii. Byer, P.J. Dornan, A.G. Forson, 

J.G. Rushbrooke, J.H. Scharenguivcl, D.M. Senclall, B.A. Westwood, 

B. Behrens, V. Blobel, I. Barecka, H.C. Dehne, J. Dias, G, Knies, 



- 7 -

R. Schltfer, W.P. Swanson, 

CERN/TC/PHYS 66-3 
11. 2 .1966 

Oxford Inter. Conf. on Elem. Particles, A56 (1965). 

13) G. Alexander, B. Haher, A. Shapira, G. Yekutieli, E. Gotsmal, 

Oxford Inter. Conf. on Elem. Particles, A85 (1965). 



\ 

'~ 1 

5 6J11 





61 

Jn u 





1 




