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+ CHARGE EXCHANGE 11.ND THE REACTION p + p ..,,. n + n + TI + TI 

OF 3.0, 3.6 and 4.0 GeV/c ANTIPROTONS(*) 

0. Czyzewski(~~), B. ~scoubes(~n), Y. Goldschmidt-Clermont, 

M. Guinea-Moorhead, D.R.O. Morrison and S. de Unamuno-Escoubes(tt) 

CERN, Geneva, (Switzerland). 

Photographs from the 81 cr;i Saclay hydrogen bubble chamber operating 

in 3,0, 3.6 and 4.0 GcV/c separated antiproton beams from the CERN proton 

synchrotron were used to study the reactions : 

(~) 

p + p ..,,. n + n (1) 

p + p ..,,. n + n + TI++ n (2) 

p+p ~· n+p+TI ( 3) 

A shortened version of the present paper uas ~)u11lished in 
Physics Letters, 20 551:,_c· (1)66) 

-~=' 

<~~) Now at Institute for Nuclear Research, Krakow. 

(i:a) Now at Junta de Energia Nuclear, Madrid. 
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The slope of the t-distribution for charge exchange is shown to 

be less than that for elastic scatterinb and the value of (d0/dt) at t = 0 

is shown to be about the same as for the reaction p + n ~ n + p, as would 

be expected fron some models of crossing syrJ;,.Jetry. For ( 2) the production 

of double isobars is found to be much less than in the related reaction 

p + p ~ p + p + ,/ + n . An enhancement is observed in the (n n+n-) 

and (n- ~+ ~-) ( ) " " systems which could be attributed to the 1688 NeV isobar1,s 

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

ANALYSIS OF DATA 

Reaction (1) is observed in the bubble chamber as a zero prong 

interaction of the antiproton ("interaction") followed downstream by a 

neutral star ( 11 star0 ) with odd number of prongs. Reactions (2) and (3) 

are seen as two prong interactions followed by a siuilar star. Reaction (3) 

h b t d . J • 1 (1.) 't b . 1 'd t'f' d as een s u iea previous y . "i.S l can e unaLibl€suous y l en l ·ie 

independently of the analysis of the star, it can be used as a source of 

antineutrons of known momentum in order to determine the antineutron total 

cross section and the relative frequencies of the various antineutron reac-

tions, and to define the detection efficiency of antiproton reactions asso-

ciated with a star. 

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

twice for reaction (1), (2) and (3) and, in addition, 19,0GO photograpl1s of 

4.0 GeV/c were scanned twice for reaction (2) and (3). Events with asso-

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

prongs were found downstream from a zero or two-prong antiproton interaction. 
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Reactions (1) and (2) must be separated by measurement and simultaneous kine-

matic fit of irtteraction and star, from the reactions where one or more 

0 
additional TI are produced at the interaction, and from the spurious events 

arising by the chance coincidence of an antiproton interaction in the charnber 

and of a star produceQ by an antineutron coming from outside. The numbers 

of constraints of the fits, which depend on reactions at the interaction 

(11.rab numbers) and at the star (Roman numbers) are given in Table I. 

TABLE I 

Kinematic constraints for the reactions studied 

INTERACTION STAR 

p p --'> Type 
Type I II III IV Constraints 

at 
interaction 

-+-- ----- ___________ : 
Odd number of charged pions ~nd ' 
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3b 

3c 
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2 

n p TI 3 

------()-- ----------- ---
n p TI TI 0 
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n p TI m TI NFP 

m > l 

n n 

---(y- - ----------- ------------
n n n 

- -------u--------
h n m n: 

n: 

n: m TI 

1 

···<. 

' i 
NFP 

NFP 

0 
'l TI 
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0 

NFP 
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0 

(J 

NFP 

'k > l 

NFP 

'NFP 

0 

NFP 
. --·~--·· ____ ,__ 

--~-

+! 
p p TI ! 

7 

3 

4 

·-·i 

l Ci 
---- --

3 

4 

3 

l 
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FOOTNOTES 

NFP No fit possible. 

The upper number is the number of 
constraints at the star considered 
alone. 
The lower number is the overall 
number of constraints for tlH:; simul­
taneous fit at the interaction and 
at the star. 

~ Using the momentum of the antineutron 
obtained at the interactio11, the 
missing mass at the star can be 
computed and should be > 0 for the 
event to be accepted. 

a .£1.1 though the overall fit has one 
constraint, the solution at the inter­
action remains undetermined. 

CERN/TC/PHYSICS 66-4 

¢ Although the fit has one cons­
traint, the solution at the star 
remain,s undetormined. 

+ The zero constraint fit often gives 
two solutions. The fit at the 
star removes the ambiguity. 

6 In the cases where the fit at the 
star does not remove this ambi­
buity, the solution giving the 
highest antineutron momentum is 
chosen, assuming a peripheral 
reaction. 

The nru11bers of identified events are given by Table II, and the 

corresponding cross sections by Table III. 

Of the 355 2-prong interactions, candidates for reactions (2) and 

(3), 245 were accepted and 110 hud to be rejected : ~l gave no fit at pro-

duction, 8 gave a negative missing rms:3 at the star ( 1rabl.e I, reaction III) 

and 21 for miscellaneous reasons. Of the accepted events, 113 belong to 

reaction (3). The study of this reaction GlVes the antineutron cross sec-

tions averaged over antineutron r:iomenta ranging frou 2. 0 to 3. 7 GeV / c, 

(mean value 2.7). It also shows (Table II) that only about 30 o/o of the 

antineutron annihilations or inelastic processes occur without or with one 

n° only (reactions I and II). Thus, as inspection of Table I shows, only about 

30 o/o of the events can be used to identify reaction (1). 

OL the 223 zero prong interactions carn.iciates for reaction (1), 

30 were accepted as fitting reactions (I), (II) and ~V) at the star. The 

182 others had to be rejected because they gave no acceptable fit, they had 

to be attributed to reactions (I, III), (Ib) or (Ic), or to spurious asso-

ciation. As the number of constraintcc; for (I, II) is low, it is necessary 
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to find out what fraction of events of rec1ction (lb) or (le) could erro-

neously be interpreated as reaction (1). For this purpose, the 38 events. 

found for reaction (),I; 3,II; 3,IV) were a:nputated of tbeir proton and 

negative pion, and an attempt was then 111ade to fit thern as reaction (1). 

vfuen the star had no n:0 (reaction I aril IV) no such faked fit was found. 

When the star bad one n: 0 (reaction II) a faked fit was found for about 

10 o/o of the trials. Because of the similccrity of the ronctions for the 

fake and the real events, it can be concludefl" t:1a t the sanple of charge 

exchange events is contaminated by 1 or 2 events from redcbons (lb) or 

(le). 

For the study of reaction (2), 19 events were accepted as corres-

ponding to reactions (2,I) and (2,II). In r.3.dl~ition, 67 ev8nts were t:i,ccepted 

for reaction ( 2, III) with the suppleDentary condition of ::i positive missing 

mass at the star as indicE1.ted in Table I. 'I'he fit at the interaction, 

which has more constraints, often gives two solutions. The solutior.1 with the 

highest antineutron momentu.:~1 was chosen, ::Lssuming a peripheral reaction. 

This choice was justified by close exa12ination of the two solutions of even ts 

of type ( 2, I) and ( 2, II) where the fit at the star rc;r,wves the ar.1bigui ty, 

and also by compe.ring tho laboratory spectrum of the antineutrons with the 

corresponcing spectrum of tne antiprotons in tho similar rc;action ( ) 

(see below). As these kinematical conditions do not exclude all events of 

reactions ( 2b) and ( 2c), the conh11,,irn:i. ti on :raus t be evaluated. Baltay et 

( 2) 
al. have shown that, for antiprotons of 3 to L~ GeV/c, reactions (2b) and 

(2c) have a combined cross section of about 10 o/o of re~ction (2). This is 

weakly confirmed by the fact that no event of type (2b, I) and only one of 

type ( 2b, IV) were founcL Thus, the overall contcunination of the sarJple is 

probably less than 10 o/o. 
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RESUL'rS 

The distributions of -t, the square of the four-monwnturn. transfer, 

are shown in Fig. 1 for the elastic(l) and the charge exchange scnttering 

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

charge exchange cross-section hc:cs a much broader forward peak. 1,.t 

1.61 GeV/c( 3 ) similar results were found. 

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

neutron-proton charge exchange reaction p + n --'>- n + p studied by Palevsky 

(4) 
et al. . It can be seen tha. t in the limit of small -t values, the diffe-

rential cross-sections tend to becorne equal. Such behaviour of these two 

processes at high energy was predict0d by Bialas and Czyzewski( 5) on the 

basis of crossing symmetry and analycity of amplitudes. 

h one-pion exchange calculation with absorption has been made by 

Ringland ( 6 ) who found good agre2ment with the experimenL;~ results as can be 

seen from the calculated curve on Fig. 1. lilso the energy depenclance of the 

charge-exchange cross-section agrees reasonably ~ith the prediction of one pion-

exchange model (Fig. 2). The dependence of the total, elastic, annihilations, 

inelastic, charge~ exclmnge and two pion annihil2.tion cross-sections on the 

incident laboratory mm:wntum are shown in Fig. 3. 

TABLE II (see next page) 
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TABLE II 

Humbor of events identified 

INTERACTION 

' Type I II III IV i V I TOTAL 

nru~ber of charged llions : 

Type'. p p -> 
+: 

·PP n 'Other 
o! O 0 

Orciln kn 
i 

k,71 i 

l. i · ' •ine as-, 
! ' 
1tic · 

3 

3b ; Il p TC 
0 

TI 

3 

'*' 
CJ 

Q 

~ 

/\ 
v 

0 
1t ill 1t 

m > 1 

TOTAL 

FOOTNOTES 

Including 0, contamination 

Including a conhrn1ination 

Including a contelmination 

Including a contaminr1tion 

Including a contamination 

of 

of 

of 

of 

of '.\..· 

¢ Not using the stars of reaction 
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30 o/o of (3c) 

30 o/o of (3c) 

10 o/o of (lb) 

10 o/o of (2b) 

10 o/o of (2b) 

v 

'Number of 
events 

1used N 

108 

38 

·---­-···-·-----.···-------

30 

11 

91 
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TABLE III 

Cross sections 

I ·--·· ··- ··-·-···-·-.. ---.. -·--·"·-"----····· .. ··-··- ........... _. ·1 

I INTERACTION I 
l~-;--t cross section 
I - ip p ~ mb 
~-----i-·-·-·--·--.. ·-··-·-t··-·--·--·r--.. -·--·· .. -·-·······-
1 r 111 n j2.0 - 0.6 
f--·-·· .. ···--r---·-=·-.. ·--·--·--·-·O"~--.. ·--·-·:r:··-----··--·---............. -.... . 
!Ib,~ n n k TI \1.4 - 0.6 

ST.AR 

N~ cross section 
n p ·-> 

mb 

I m+l) 

II k 0 + 14 ~- 54 -

t I . 
; k > 0 l III ' ID ~ 1 _ ...... --·::::---·-... +----=.-·t-.. -----:F··-----···------

12 ~ n TI TI )2.0 - 0.7 

G~nn +;;--'kn ~Q~}T~~--- -1 
l ' 1~ > 0 ! ' 
----·------~----------L-_._,,. ____ ......... _________ J 

IV p p 

For 2.0 GeV/c < !iom.of n < 3.7 

Reaction (2) may be compared with the reaction 

+ 
~ p + p + TI + TI p + p ( 4) 

which is dor1inated by the production of the isotopic-spin favoured combina-

tions (p TI+) and (p TI-) of the (3/2, 3/2) isobar. This reaction (4) proceeds 

through double isobar production( 2)( 7 ) 

p + p -> -> 
+ p + p + TI + TI (5) 

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

respectively. For reaction (2), the (n TI-) and (n TI+) states of the isobar 

are sirailarly favoured by isotopic spin. They are indeud found as shown 

by Fig, 4A. A fit to a Breit-Wigner distribution and n phase space back-

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

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

(n TI-) effective mass distributions, these combinations having a smaller 

contribution of the I = 3/2 amplitude. A search for events showing double 

isobar production 

p + p (6) 
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gave a negative result (Fig. ) . 'rhat isobars :He produced frequently 

singly, but not doubly as in reaction (6) coo be understooG. by observing 

that, whereas renction (5) can proceed by the exchc:,nge of one unit of 

charge reaction,(6) requires the exchange of two. The small value of the 

cross section for reaction (6) can be related by SU 3 to the smallness of W 

d t . t• b t" + (8 ) pro uc lOn cross sec lOn y an lprouons . 

The effective ma.ss distribution for the (n ,/TC-) and (n TC+ TC-) 

combinations is shown in J?ig. 5, There is a peak near 1700 J.VlcV which may 

be assumed to be one or both of the isobars of mass about 1688 MeV(g). 

A fit to the distribution indicates that in 48 ~ 14 o/o of the reactions an 

1688 MeV isobar is formed. 

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

cascade process, that is N:a;o ~ 3E 
N + TC 

F) 

-> ,_/1/:f.TC+TC. In Fig. 6, the 

distribution of the (n ,~-) and (n TC+) effective masses for events in the 

1688 peak is shown, which indicates that in about 30 o/o of the cases the 

( I I ) ( + -) (- + -) 3 2, 3 2 isobar is formed. Taking events with n TC TC and n TC TC 

masses higher and lower thun the 1688 MeV isobar, there is appreciably less 

indication of decay by the formation of the N;, 3 isobar, but with the liriited 

statistics available, this background is such that it is not possible to 

say what percentage of the 1688 MeV isobar events decay through the N;, 3 

isobar. In TGaction (3) no ind:Lc.:,tion was found of production of p-~1csons 

as lws been noted fo:c react~Lon ( 4) E:1c1 for tho reaction 

p + p 

PS/5404/rnm 

~ p + + - (10, 12) }) + Tc 'IC 
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FIGURE C1,PTIONS 

Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 
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Differential cross-sections as a function of -t, the square of 

the four-momentum transfer. The errors are statistical. 

Total charge exchange cross-section as a function of laboratory 

momentum. '.rhe line drawn is the (plab)-2 dependence of the cross-

section predict,::d approxir:Jettive1y by the O.P.E. rJodel and normalised 

using the cross-section of 1.5 ;:1b at 3 GeV/c obtained fron the 

results of Ringland( 6 ). The one standard deviation limit at 7 GeV/c 

is taken from Ref. ( 13). 

Cross-section as a function of incident antiproton laboratory 

t f th t t 1(14) 1 t• (14) t t 1 .h'l t• (13,15,16,17) momen um or ,e o a , e as ic , o a anni i_a ion • 

total inelastic (non-annihilation)(i3,i5,l6,l?), charge exchange( 3,i3) 

and for annihilation into two charged pions( 15 •16 ). 

(A) Effective naEJS distributions of all ( 11 +n) and ( 11 -n) combinations. 

(B) If one of the ( 11 +;) or ( 11-n) combinations has a mass near that 

of the N;, 3 isobar, then the effective mass of the other combina:don 

is plotted. 

( ,/ n - n) and ( 1/ 11 -n) effective r:1;:tss distribution. 

If the (1/n-n) effective i~:'lss is near 1688 MeV, then the (n-n) 

effective mass is plotted and if tm(11+n-n) effective mass is near 

1688 then the (n+n) effective mass is plotted. 
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