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Abstract 

In this note we discusB our observed charge exchange cross sections 
of pN interactions at 19 GeV/c in terms of the quark-quark interchange 
concept. If one uu-pair and one dd-pair of sea-quarks are assigned to 
each initial nucleon in pn and pp inelastic reactions, and if these 
quarks are assumed to participate on equal footing with the valence 
quarks in a quark-quark interchange mechanism between the two initial 
nucleons, the ratios between some observed charge exchange cross 
sec tions are well reproduced. This indicates that in this model the 
sea-quarks contribute significantly to the particle production in low 
p T hadronic processes. 
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INTRODUCTION 

We have in earlier article* (1] analysed varioua 3-body nucleon-nucleon 
reactions by swans of the method of crossed channel Isospin amplitude 
analysis. The results were interpreted in tens of «odels with particle 
exchange and trajectory exchange. In this note we will use a simple 
model of quark-quark interchange [2] to discuss some relations among 
charge exchange cross sections observed in inclusive pn snd pp reac
tions. 

It is well known that the standard additive quark model [3] is able to 
reproduce a series of experimental observations by taking into account 
only the valence quarks. We find that in terms of the quark interchange 
model the ratios between some observed charge exchange cross sections 
cannot be reproduced with only the three valence quarks. However, if 
the initial nucleons are assumed to contain on the average one uu- and 
one dd-pair of sea-quarks, and if the interactions between the ini
tial beam- and target-nucleon are mediated by means of quark-quark inter
change, the observations are well reproduced. We take this result as a 
support for the hypothesis that the sea-quarks contribute significantly 
to the interaction mechanism in the inelastic nucleon-nucleon reactions 
considered. 

The quark-quark interchange model has been successful in describing 
hadronic reactions at large transverse momenta [2ab]. Recently it has 
also been applied to the fragmentation process at small p [2c]. The 
model has also the attractive feature that the quark-quark interchange 
may be interpreted as a trajectory exchange thereby relating the two 
very fruitful ideas of the quark model and the Regge model [9]. 



3 

EXPERIMENTAL INFORMATION 

The new data presented in this report ire baaed on measurements of the 
events of all topologies in 37000 photograph* taken in the deuterium-
filled CERN 2m bubble chamber exposed to a 19.1 GeV/c proton beam. The 
reactions were measured on a Spiral Reader (4) and processed through the 
filtering program POOH [4], and the CERN geometry program THRESH. The 
particles of momenta less than about l.S GeV/c were identified by means 
of the bubble densities of the tracks. Tracks of momentum above 10 GeV/c 
were taken to be due to protons and it was assumed that there should be 
one aucleon in the forward CM hemisphere in every event. The further 
identification procedure of the charged tracks was based on the peri-
pheriallity of the nucleons and the symmetry features of pn-reactions 
which follows from the isotopic spin invariance. In order to have a pure 
sample of pn interactions we selected the odd-pronged events as well 
as the even-pronged events which had a backward- going proton in the 
laboratory system (assumed to be the spectator nucleon). Further details 
about the identification procedure, the corrections for scan-loss, 
elastic events, rescattering etc., are given elsewhere [5]. 

The charged secondaries are separated into two groups or clusters accor
ding to which CM hemisphere the particles are emitted into. For some 
of the reactions, in particular at the highest multiplicities, this 
separation is partly a formal one, but for the large majority of the 
events a classification in terms of a two-vertex peripheral reaction has 
physical significance at this energy. 

The charge exchange AQ between the two clusters is defined by 

AQ = 1 - I Qi (1) 

where I Q. is the sum of the charges of the secondary particles in the 
forward CM hemisphere. Positive values of AQ thus mean that positive 
charge has been transferred from the forward (beam) hemisphere to the 
backward (target) hemisphere. 



EXPERIMENTAL RESULTS 

The cross sections , corresponding to specific values of AQ , sum
med over ill topologies, are given in Table I. The errors take into 
account the uncertainties in the experimental procedure in addition to 
the statiatical errors. We find that AQ = 0, |AQ| = 1, and | AQ | = 2 
represent about 491, 44% and 7% of the inelastic cross section, respec
tively. This is in good agreement with the results of pp-interactions 
at 12 and 24 GeV/c (6). 

The distribution of AQ' = AQ - <AQ>, <AQ> = 0.26 being the average value 
of the charge exchange, for po at 19 GeV/c, is shown in Fig. 1. It is 

compared with a curve which earlier has been found to give an approp
riate description of AQ' in pp , n p and K p reactions at different 
en.rgies [7]. Fig.l shows that our data agree very well with the earlier 
results, confirming the universality of the curve. 

The observed cross sections for charge transfer AQ = +1 and AQ = -1 
are 

o ^ 1 = (8.4±0.6) mb pn 

CTAQ=-1 _ (4.3+o.A) m b . pn 

The ratio between these two cross sections is thus 

R. = J*1/J*"1 -l.95tt.23 1 pn pn 

The charge exchange AQ - 2 is most probably not due to real exchanges 
between the clusters but rather "cross-over" from decay of massive 
objects. It could therefore be relevant in this connection to consider 
the ratio between the cross sections of charge exchange AQ > 0 and AQ 
< 0 . We find 

R! = o A Q > 0 / o a C ! < 0 = 2.1±0.25 1 pn pn 

http://-l.95tt.23
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Since Rj and Rj are equal within the errors it is not very important 

whether |AQ| - 2 is included or not. 

The total cross section for |AQ| = 1 is 

«if 1" 1 = «ST+ 1 + «£"" - < l 2 ™>-" »b 

pn pn pn 

The corresponding cross section in pp reactions at 19 GeV/c is 

0 tø 1=1 = (13.4±,.3) m b 

PP 

obtained by a linear interpolation between the observed cross sections 

0lAQ|=l a t ] 2 a D d 2 4 Q e V / c J 6J 
PP 

The ratio between the cross sections of charge exchange |AQf = 1 in pn 

and pp reactions at 19 GeV/c is therefore 

R o = o l A Q l = 1 / a ^ l = 1 = 0 . 9 5 ± 0 . 0 8 
2 pn pp 

If the cross sections of |AQ|- 2 are included, the value of R 2 is 

almost the same. 

In the same way we find the ratio between the cross sections of charge 

exchange zero reactions in pn and pp reactions at 19 GeV/c to be 

R = o * =°/a a Q = 0 = 0.91M.M. 
3 pn pp 

QUARK-QUARK INTERCHANGE 

If only valence-quarks are taken into account,an example of the possible 

quark-quark interchanges which lead to charge-exchange AQ = 1 or AQ = 

-1 is shown in Fig. 2 (Obviously reactions corresponding to JAQ| = 2 

cannot occur in terns of single quark-quark interchanges). As can be 

seen, there are four interchanges which give AQ = +1 and one inter

change which gives AQ =-1 Assuming that the charge exchange cross 



6 

sections are only due to quirk-quark interchange, where all possible 
interchanges have equal weight, the model thus predicts 

Rj = A/1, 

in disagreement with the observed value R. w 2/1. 

It is however easy to see that some contribution of sea-quarks will tend 
to lower the value of R., provided that the sea-quarks participate on 
equal footing with the constituent quarks. If we assume that each colli
ding nucleon contains on the average one pair of uu-quarks and one pair 
of dd-quarks, ignoring the presence of strange and charmed quarks, one 
finds 

Rj = 10/5 = 2/1 

in agreement with the experimental value, R.ft* 2/1. 

Applying the same scheme of quark-quark interchange to pp-interactions, 
and using the same average fraction of sea-quarks as above, we find 

R 2 = 15/14 « 1, 

also in agreement with the observation. 

In this model the total number of possible interchanges leading to AQ =0 
or AQ = ±1 is 29 for pp as well as for pn reactions. If we make 
the assumption that the total inelastic nucleon-nucleon cross section is 
given in terms of quark-quark interchanges, it therefore follows that 

R 3 = 14/15 w 1. 

We have thus shown that with very simple assumptions the model of 
quark-quark interchanges reproduces the observed ratios R-, R„, and R„ 
at 19 GeV/c. Moreover, from the results in Fig. 1, it is tempting to 
believe that these ratios are roughly constant as functions of the 
energy. In view of the present model this is a very pleasing result 
since we have assumed that the sea-quarks, known to have low momenta, 
participate in the interchange mechanism on equal footing with the 
valence- quarks. 
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The nuaber of sea-quarks which we have assumed in order to reproduce the 
experimental data is high coup a red to the results from deep inelastic 
lepton-nucleon interactions [6]. The results «ay however not be directly 
related to the soft processes described here. It is interesting to note 
that in order to reproduce sone low-p- data in terms of the quark recom
bination model also a high nunber of sea-quarks [2-3] was needed [8]. 

We would like to emphasize that the ratios discussed above, and possibly 
also the results shown in Fig. 1 most probably can be reproduced in 
terms of suitable diffraction and non-diffraction multiparticle produc
tion models. Furthermore, the few numbers which we have reproduced, do 
not represent any strong test of the model. One would also expect that 
other quark-quark interaction mechanisms such as quark recombination [8] 
and quark anihilation contribute to particle production in the con
sidered reactions. 

It should be noted that if the same scheme of quark-quark interchange is 
applied to pp scattering, assuming the number of sea-quarks to be the 
same for p and p , we find that the inelastic pp cross section 
should be smaller than that of pp-interactions, in disagreement with 
experimental results. A deviation of this kind would in fact be expected 
since quark-anihilation processes are expected to contribute much 
stronger to particle production in pp than in pp or pn inter
actions . 

CONCLUSION 

We have used a simple quark-quark interchange model, with the average 
one uu- and one dd-pair of sea-quarks per nucleon participating on 
equal footing with the constituent or valence quarks in the interchange 
mechanism, to reproduce the ratios between observed some charge exchange 
cross sections in inclusive pn and pp reactions. Because of the 
agreement obtained between the model and the experimental results, such 
models seem to be relevant in a discussion of the exchange mechanism in 
such reactions. The contribution of the sea-quarks in the interchange 
mechanism is according to this model significant. 
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Figure captions. 

Fig. 1. The fraction , corresponding to specific charge 
exchanges AQ , versus the variable AP' = AQ - <AQ>, 
<AQ> being the mean value of AQ , for all inelastic 
reactions in pn interactions at 19 GeV/c. The curve 
describes approximately earlier published data [7] 
for pp, 7i~p and K p. 

Fig. 2. An example of interchange of valence-quarks corresponding 
to AQ = 1 in pn-collisions. 
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Table I 
The t;ross sections (nb) for charge transfer AQ between the beam- and 
target-like CM hemispheres in pn interactions at 19 GeV/c. 

charge 
transfer -3 -2 -1 0 1 2 3 

Cross section 0.06 0.42 4.3 13.9 8.4 1.4 0.16 
(mb) ±0.03 ±0.06 ±0.4 ±0.8 ±0.6 ±0.2 ±0.04 
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