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1. INTRODUCTION
P P —

++ — ++

The fragmentation p -*• å and p -* A has been studied in 9.2 GeV/c

antiproton-proton reactions. The sample consists of

400 reactions with A and A

and 1500 reactions with A or A but not A and A.

The A. (Ä.) ia here defined by a mass cut 1.15 GeV/c^ < M < 1.35 GeV/c

The A (A) production is abundant and it is therefore possible to define

the A (A) by the mass cut. The properties of the invariant cross section

f(t' Sx / S ) = 7 '

(1-4)
can be predicted by a triple-Regge pole model and we want to compare

with the results in our case.

2
t - (four momentum transfer) to the A (A)

2
s = (mass) of the residual system
x

s - 19.1 GeV2

2. THE DISTRIBUTION OF f (t, s /s) AND RESIDUAL MASS M
x x

The projected distributions of t and s /s are shown in Fig. la, and

Fig. lb, respectively. The distributions for p -> A and p •* A have been

added because they are identical in this inclusive study, which we would

also expect from anti-particle-particle symmetry.

-2
The over-all slope of the t-distribution is 1.5 - 2.0 (GeV/c) . The

low value is partly a kinematical effect, since large s /s do not

contribute in the forward direction.

The distribution of s /s shows a dominating peak at s /s = 0.08 due

to delta-antidelta production. Other resonances are probably produced but

not abundantly. In the model they are taken into account in an average

sense.

(4)
We test the predictions of the triple-Regge pole model in the

regions 0.11 < s /s < 0.4. The model predicts that

a (0) - 1
f(t, s /s) » B (t) s (s /s)

S/g •+ oo g + a
X X

a (0) - 2a - 2o't



- 3 -

The corresponding graph is shown in Fig. 3. The asymptotic conditions

are only partially fulfilled. In our case s/s is typically ^ 5 and

s ^ 4. This is not too unreasonable. The parameters of the trajectory

a(t) = a° + a't

have been deduced from the experimental data by means of a Maximum

Likel/hood fit. The Likelyhood function was normalized individually

for each event. The advantage of this that the parameters can be found

without any knowledge of the vertex function 8(t).

The region s /s < 0.11 has been excluded because of the dominating

A A process. The result of the fit in the whole s/s - and t-regions is

a (0) - 2a° = 1.67 ± 0.25
P

a' = 0.64 ± 0.06

In Fig. 2 the s /s-and t-distributions are given for the experimental

data together with the fitted model prediction under the assumption

B(t) = constant (full line).

The slope a' is obtained from the fit. For intercepts only the

combination a (0) - 2a can be determined.
P

The residual system is also investigated. The average number of

pions is shown as a function of the mass M of the system in Fig. 4.

Nultineutral events are in this case assumed to contain on an average

one extra pion. The assumption has little influence on the averages.

3. RESULTS OF THE ANALYSIS

The overall result is an effective trajectory with the parameters

a1 % 0.64 and a (0) - 2 a° * 1.67
P

The interpretation of these results depends on which graphs, of the type

shown in Fig. 3, could contribute to the process.
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The limiting behaviour of the cross section depends on the quantum

numbers of p p A (p pA) ' , which in our case are non-exotic.

We are studying the non-annihilation part of the cross section and

in the region where the model is applicable it is plausible to assume

that the process ot{t) p(p) ^ x is dominated by Pomeron exchange. In that

case we have a Q (0) = 1.

Under these assumptions the fit gives the following trajectory

parameters

ot° * -0.33 ± 0.12

a1 = 0.64 ± 0.06

These parameters are not quite compatible with the expected pion trajectory

a (t)=- 0.02 + 0.8 t

One reason for this discrepancy is that the model is applied too far

from the triple Regge asymptotic limit. A better choice would be

0.11 < s /s < 0.4. On the present level of statistics we do not attempt
x

a fit in this region. However in Fig. 2 we show that assuming the pion

trajectory we get better agreement with the data in this region. Not

only cioes this assumption give a good agreement in the s /s - distribution

but the agreement in the t-distribution is also considerably improved.

(7)
Fragmentation to resonances has been studied by P. Chliapnikov et al
+ * (8) - o

for K -> K (890) and K. Ishikawa and T. Kasahara for T -* p . P. Chliapnikov
et al find a very slow dependence of the cross section on H , indicating

o
a (O) - 2a ^ O in this case. K IshiJcawa et al find good agreement with

- o
pion trajectory exchange for the process tr -+ p .

The triple-Regge pole formula has been applied with varying success

in a large number of papers ' The effective trajectory a ^ a
+ o (9) + ••

for K -» K , no verification of the Regge prediction in p •> K (- ) and

p -• p , too low effective trajectories in pp -> p,p,i~,K~ and



+
successfull* description of p v t by a nucleon Regge exchange model

The contribution from the PPP-vertex was concluded to be small in earlier

In ourwork ' but ha. recently been shown to be substantial '

case it cannot contribute. The factorization gives relations between

the cross sections for different projectiles
(18)

and thus valuable new

insight. A slightly different approach to the Regge expansion is given

by E.L. Berger et al
(19)

, who introduce a modulating function.

It was stated in the introduction that the A (A) could be defined
2 +

by a mass cut 1.15 < m + < 1.35 GeV/c . The distribution of the pfl -

mass is shown in Fig. 4a, b, and c, for different number of particles in

the final state. In all cases the background can be estimated to be less

than 20%. Therefore a more refined selection procedure does not seem to be

necessary in the present work.

4. CONCLUSIONS

i)

ii)

- p (p)
The fragmentation p (p) » A(A) has been shown to be very

important in 9.2 GeV/c antiproton-proton reactions. A preliminary

estimate cf the cross section for A+A production gives ^ 10 mb.

A large contribution to the A(A) - production cross section comes

from the process p p -> p p TT TT with a cross section of 2.65 ± 0.20 mb.

iii) The triple-Regge pole expansion describes the approximately

asymptotic part of the invariant cross section f{t, s /s) with

an effective trajectory ot(t) = a assuming the total cross section

a(t) p •> X to be dominated by the Pomeron exchange.

iv) Tho pion trajectory appears to be dominating the proton

fragmentation to delta.
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FIGURE CAPTIONS

Fig. la. The projection of the invariant cross section f(t,s /s)

on t for fragmentation p •* A. In all cases p -*• A includes

the charge conjugate reaction p -*• Ä.

Fig. lb.

Fig. 2.

The projection of the invariant cross section f(t, s /s)

on s /s for fragmentation p -*• A.

Experimental distributions of s /s and t together with the

predictions of the triple-Regge cross section formula.

a) t-distribution b) s /s-distribution. Full line» fit
x

to the whole mass region 0.11 < s /s. Dashed line»
x

prediction of the model in the region 0.11 < s /s < 0.4

with pion trajectory.Shaded, events with s /s cut.

Fig. 3. Trajectories in the triple-Regge model of the fragmentation.

Fiq. 4 . Distribution of mass of pir -system in a) 4-body, b) 5-body,

c) 6-body final s ta tes .
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