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The role of events is studied in which more’ than one pair
of constituent quarks participate, including analysis of sha-
dow effects, diffractive dissociations and multiplicity dist-
ribution. It increases with energy and significant changes at
CERN pp Collider energy are nredicteds reflecting the about

100% grouth of quark-quark cross section.
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T« Introduction

Discovery of the fundamental theory of strong interacti-
on, the quantum chromodynamics (GCD), has provided the solid
ground for the understanding of hadronic physics. However, so
far the main progress is related with hard procesgses, for
which QCD can be applied in its simplest, perturbative form.
The nonperturbative QCD turns out to be very complicated and
our progress here is more slow. One of the recent achievements
ig the so called QCD sum rule method, suggesting at least some
ideas concerning the boundaries of the agymptotic freedom do-
maine We refer to original works [1] and subsequent papers for
details and only mention that depending on particular example
the perturbative behaviour is violated at virtualities
Q? = 1-10 GeVZ.

At the same time, hadronic dimensions are of the order of
1 fermi, respectively the typical momentum transfer in soft
Processes is only about 0.1 GeVE. 30, before we will be gble
to understand them we have to deal with phenomena taking place

at Q2 about 1 GeVe.

This was the subject of the recent works of one of the
authors [2], in which the existence of two scales in QCD was
suggested. According to thisg picture, confinement forces are
Tar from being the strongest nenperturbative effects in QCD
vacuum, while the energy density about one order of magnitude

larger is related to strong instanton-type fluctuations of re-
latively emall dimensions. Among other effects, their interac-
tion with quarks inside hadrons leads to some "bubbleg" around
them, identified with constituent quarks.

Resulting picture of hadrons as being made of spatially
separated constituent quarks is not new, of course. It was
suggested on phenomenological grounds many times since the
ploneer works [3), but only during last few years new analysis
of broad range of data (see sections 2,3) has demonsirated its
reality good enough. Therefore we believe that now the o cal-
led additive quark model igs not Just one of the models, but
the most fundamental outcome of studies of soft hadronic phy-
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Being more specific, it provides rather general framework
for the discussion of hadron-hadron and hadron-nuclei collisi-
ong at high energies, as a combination of more fundamental sub-
processes at constituent quark level. Such view point opens new
percpectives for real understanding of these phenomenae.

The present situation with their understanding is rather
unsatisfactory. Experimental data on inclusive spectra are re-
asonably well fitted by multiple models, using conflicting and
gometimes quite arbitrary assumptionse.

One of the main difficulty in understanding of high energy
colligions is the fact that it is very fluctuating phenomenon.
By thie we mean that all parameters of the collision may differ
by the order unity from one event to another. Thig fact suggesls
that there exist completely different interactions, all mixed
together in inclusive measurements.

To give an example, let us mention diffractive dissociati-
on of one or two hadrons which is consgidered as separate pheno-
menon with its own physics. So, the problem is to formulate so-
me gqualitatively different types of interactions and try to
study them separately, not in the inclusive sum.

The additive quark model suggests as such interaction ty-
pes events in which different number of constituent quarks are
involved. The main content of the present work is to study such
possibility at semiquentitative level.

Before we outline the content of this work in more details
one more general comment is needed. We do not use any particu=
lar dynamical model describing constituent quark collisions.
Qur aim is purely phenomenological: to extract these properties
from data concerning hadron-hadron collisions. We make some
simplifying assumptions, mostly suggested by earlier works, but
they do not seem to be very important. Our results, the proper-
ties of quark-quark interactions, can be considered as a sub-
ject for further theoretical studies in any theoretical frame-
work, e.g. that of Reggion phenomenology, parton model, hydro-
dynamical model etc.

The next two sections are devoted to discussion of mein
observations and main questions concerning constituent cuarks.

g0

Such mini-review should partly compensate for the absence of
comprehensible discussion of all these questions in literature.
Section 4 is devoted to shadow corrections in hadronic collisi-
ons, which allow for defermination of our main parameter, quark-
—-quark cross section. Then we come to calculation of diffracti-
ve dissociation (section 5) and probabilities of multiquark in-

teractions (gection 6). Section 7 is devoted to multiplicity
distribution and the last sectlon 8 contains some implications
for future experiments.

2. Congtituent guarks

The main obgervations

Let us start with the original statement [3], present in
any textbook related with modern physics:

(i) Hadrone consist of quarks.
However, the meanirg of the word "consist" should be explained.
First of all, quark flavours give the famous SU3 claggication
of hadrons. Second, it was much more nontrivial idea that
quarke are dynamical objects in the meaning of nonrelativistic
guantum mechanics, so that "the hadron wave function" in terms
of quarks makes sense. After some period of misunderstanding it
wag clearly stated by Gell-lamn thst "constituent"™ and "current®
quarks are completely different objects. The former are massive
and of Tinite size, their theoretical status is unclear. The
latter are nearly massless and pecintlike, they are objects of
the field theory. Recently R.Hwa has proposed the new word
“valon" for constituent quark.

The central idea of the additive quark model is:

(1i) Constituent quarks interact independently at
high energies.
It was first suggested in [4]Iun the bagls of famous experimen-

tal relation:
G o = 2 (1

Similar ideas were expresged in [9] for elastic or quasielastic
Drocegsed. :

For meny years the statement (ii) was considered as some
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interesting but guestionable possibility. The gituation seems
to be changed now due to analysis of hadron-nuclei colligions,
gee review papers [5,&] for details and references. The main
point is that data reasonably well correspond to calculated
nrobability for one, two and three quarks of the projectile to
interact. There ace striking indications that inferaction of
quarks is really independent. To give an example, let us menti-
Gn‘tho Anisovich ratio for multiplicities {E]:

<H'?]Tﬂ /(Ifl >NA =y 12/8 o

A3c0

Another one, discussed in [6,7], is related to correlation da-
ta. In narticular, the ratio D fm) ( oD = {'M?)-{HPE} for
events with large number of knocked out protons is smaller than
that for small number of protons by 14/ for the incoming pro-
ton and 1[JE for pion. It means, that we really have 3 or 2
collision centers similar to those in hadronic collisgions.

In order to explain quark additivity it was suggested that

(iii) Dimensions of the constituent quarks are essentially
amaller than that of hadrons.

One of the arguments consgidered in [Sg]is based on the ex-
pression [9) for elastic amplitude

¢
dG(mS—r aié) = qu(‘f) f—:g (f)exp[a%&%)(;)
t

e

7
vwhere F(t) is the e.m. formfactor, and the last factor is con-
nected with the structure of constituent cuark. This suggests
that

(iv) Interaction range of constituent gquarks grows with
colligion energy
and produces the estimate

) (4)
11 2 S,

Whatever is the real accuracy of such estimate, it defini-
tely leads to the prediction [10] of violation of quark additi-
vity in its simplest form 5ﬁ~;~96}g at very high energy, at

which (4) is comparable with hadronic dimensions. The fragmen-

tation region, normally determined by spectator querks 11 ,
should also be qualifatively changed. These questions we are
going to discuss in more details below.

- Another simple estimate of the quark interaction range is
connected directly with guark-quark crogs section. Assuming
them to interact as black discs [jE} one has

~ 1 -~ 2 Lones

However, as noted in [14], quarks can not interact as
black disecs because

(v) Interaction probability of constituent quarks
should strongly fluctuate

The basis for thia statement is given by data on diffractive
digsociation, see section 5.

Since the works [13] it beceme usual to consider the sim-
plest model in which quark has two states, "active" and "passi-
ve", wiin probabilities Pq and (T—Fq) respectively. These works
congider mainly shadow effects in collisiona with nuclei, their
estimated Pq ~ 0.6 which ig consistent with our results below.

However, as we show in gection 5, even "active" quarks
can not interact with a profile of black disc, for it gives too
large cross section of diffractive dissociation. The gauasian-!
-type profile is about.of needed form. A1l this, of course, |
shows that the constituent quark itself has complicated inter-
nal structure.

3. Congtituent quarks
The mgin questions

Recognizing constituent quarks as a true building blocks
of hadrons in soft hadronic reactions one may ask many questi- !
ona concerning their properties and interaction. The first ob-
vious question is

(i) How hadrons are made of constituent quarkas?
What is hadronic wave function?

As far as we are going below to calculate probabilitiea of
constituent gquark to interact, we are mainly interested in the
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quark distribution in the plane orthngcnal-tn'cclliﬁiﬁn"ﬁiis.
In principle, the quark cross section is energy dependent and
therefore depends on longitudinal momentum fraction as well,
but this dependence is weak and we neglect it.

For pimplicity we use Gaussian shape of the wave function,
in which transverse and longitudinal momenta are separated. For
nucleons and pions we use the following wave functions

il B ke 2 - )
e*(_é; +6, +65 )/22*'“’ 5%{!3;"‘?9 *gl)

(6)
L B 2

S SEBE N g R e
t‘]"'ﬁ« (r 2 rra(g[_}gz)

where we have fixed the particle center. Integration over its
position is also done, it defines the impact parameter of had-
rons as whole. Both functions (&) lead to formfactor

F(-H:exp(g’sz) (7)

which is, of course, different from precise experimental form-
factor shape. Still it is able to describe 1% reasonably in the
region where formfactor is not small. We use the following va-
lues of the parameters

W e T (8)

Apart from approximate shape of the wave function, one may
ask why quarks are not correlated inside hadrons. From theore-
tical side thie gquestion is discussed in the work 2 . It is
demonstrated that instantons produce strong attraction at dis-
tances comparable to their gize for pions, but not for mesons
or nucleons. The resulting clustering of constituent quarks may
quelitatively explain why deviations from (1) have different
gign compared to shadow corrections found below.

The main content of the present work is comnected with a
question

(1i) How constituent qﬁarka interact in high energy colli-
sionsg?
Let us make here some general remarks. It can be asked how the

ph2 il

" guark-quark cross secticn-depenﬂs on relative colour and fla-

vour states. For example, introducing cross sections for any
colour states one may write

gioan g G0 ey dY e te
ol s S I
¥ g e (9)
6 Gy i

It can be equal to 2/3 in two simple limiting cases: no depen-
dence on colour at all and one-gluon exchange in which

T L A T e
6.6 'Gi b e Bl (10)

Note also, that already in second approximation in oflg the
cross sections qq and qq are no longer equal and (9) is viola-
ted. The possibility that physical nature of qué}k interaction
is just the ome gluon exchange, leading to creation and break-
down of colour tubes are intensly discussed since the works
[15). However, it is difficult to explain in this case the ob-
gerved dependence on gquark flavour

Guut 6;H: Sch = 1:0.§: 0.1 (i)

It is algo difficult to understand why constituent quarks,
which are evidently of nonperturbative origin, interact in the
simple perturbative way.

Let us note, that such strong dependence on quark mass is
consistent with the instanton mechenism. Really, as it was
first found by t'Hooft, light quarks interact strongly with
instantons, while heavy quarks do not. The strange quark is
thz intermediate case because its mass is of the order of that
generated by instantons, see [2) for details.

This question can be studied experimentally, in parficu-
lar in photoproduction of upsilons on heavy nuclei. We predict
b quark to be go "passive" that no shadowing be seen.

Our last comments concerns the question

(iii) What is the constituent quark structure?

T+ is clear that this question should be answered by hard col-
lisions, in which the constituent quarks are split up tc cur-

rent quarks and gluons. In papers [16)\ deep inelastic scatte-
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ring on congtituent quark is studied, as well as of the nucle-
on wave function in terms of constituent quark.

Next level of congiderations, including the so called
higher twist physics, can in principle provide much more. In
simplest parton model language the question deals with parton
transverse momentum, e.g. determined from measurements of
Drell-Yan pairs of leptons. It turns out that they are very
large, about 1-2 GeV (see e.g. discussion in [17]), which sug-
gegts that partons are confined in the object much smaller
than hadrons. More detailed analysis in the operator product
expansion method is contained in [18]. The analysis of data on
gealing violation provides, roughly speaking., the probability
to find two quarks in the same point, which turns out to be
one order of magnitude larger than that given by valent quarks
alone. So, one more evidence for complicated structure of con-
stituent quark is given.

4. Shadow effects in hadron-hadron colligions

According to additive quark model most cases of hadron-
-hadron colligions are related with interaction of only one
pair of constituent gquarks. However, there are also more comp-
licated events resulting in shadow corrections to gimple rela-

tiong
S O4s | Oy = 0 Oq4 (12)

Such effects for hadron-nuclei collisions were considered in
the works [13]. Apart from some methodical differences of our
calculations, the main difference is due to the fact that in
hadron-hadron cage one has to congider fluctuations of the
target and projectile simultaneously, while nuclei were consi-
dered in [j31 as nonfluctuating optical potential. We also
congider the case of very high energies, of the order of CERN
collider and even highers,

We have chosen quark-quark interaction to be of Gaussian
shape (see more on this in next section):

pm > exp (- Ez/ ?.?é) (13)

This expression is assumed to0 be valid for active quarks, so

10

"the probabllity of the interaction involving n gquarks also

contains Pﬁ.

This simple model and wave functions (6) allows us to
caeleculate the average probability for two hadrons to interact
at impact parameter b , let us call it W(b) . The well known
expresgions give us total and elastic cross sections

6as = 2 (CWIB)> 478, €= SCwib))dB  cwy

The main parameter in this calculation is not Pq and r, sepa-
rately, but guark-quark croass section

g © ‘fu"lq,@' (15)

Therefore, regults of our calculations are plotted at Fig. 1
as the dependence of the ratio 6-]1]1 /quﬂon 6-‘2'%.

The calculations were done by the Monte-Carlo simulation
of the "events" with definite positions of all quarks in the
trangversge plane and definite "activities". Let ues add, that
apart from' the region of very small Erqgr{nat physically re-
levant) several hundreds of events at each impact parameter
wag sufficient to obtain accuracy of several percent.

A few words sbout the limit €44 3e0 o It was assumed in
10 that such limit is reached as soon as quark cross section
becomes compatible with that of hadrons. We see that approach
to 1t is very slow. In principle, for 5§qﬁﬂﬂ'fhe probability
for all three quarks of the nucleon to be pagsive is (1=P )3,
or negligible, so the nucleon acts ag an active quark and the
ratio considered.has a limit about {Pq‘.i"E o~ 3

Although the shadowing effecte behaviour is not very dra-
matic, it is surely important for quantitative consideration
of values of guark-quark cross gectiong. Uging Fig. 1 and
experimental data fﬂ:f= 39 mb (s = 400 GEFE} and 66 mb

(s = 10° Gev? [19]) we have the following estimates for respec-
tive wvalues of quark-gquark cross sections

6%(52‘1!?&)‘.’: $Fwb , Ggy [s=10°) » 10 wd (16)

Note that f;%q* growa with energy stronger than 6;ﬂv, which
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is exactly the effect of shadowing corrections.

Our calculations give the following values of elastic
cross sections:

NN
ol > 6.2 (6.8)
6,9 (5:40) = 6.2 wb
(17)
6-&!;.”(5”55} it o ) b (12.7)

The numbers in brackets are experimental wvalues, the second is
derived from the Gaussian parameterization of dw(6)/

2 & &
4 ﬁ{:u‘h ___6_ = ___{_'f (18)
e o1 qngap( EBJ:S"E 67 B

2
and the measured value of the elastic slope B = 17 GeV [1ﬂa

Although the agreement is very good, the direct comparison
of calculated {wW(&) 7 with (18), shown at Fig. 2, demonstrate
some deviations at b = 0, not very important for integrated
crogs sections. Unfortunately, we do not know the accuracy of
gaussian fit (18) in this region as well.

Finally, in the seme model we have calculated properties

of pion-nucleon interactions:

ST (s5400) = 28,6 b (24), 6,(5400)= .3k (3.0)

(19)
9.3 wd

(8]

TN
@ff(s;m’) =49 b ioNp (rof)

inalogous result can be calculated for Kil scattering, in this

case new parameter is the cross section of the strange quark.

Our last remark in this section deals with energy behavio-
ur of hadronic cross sections. Assuming the cguark-guark crosc
scction to be more fundamental and heving some simple energy
behaviour, say the Froissart one, one may then use results
plotted at Fig. 1 to have Hii and T W cross sections. In this
way the hearly constant cross sections at s = 10-1000 GEFE is
connected with growth of shadowing, significantly compensating
the growth of 6'%’ . At much higher energies shadowing is sur-
rrisingly constant, as seen from Fig. 1, so the nronortionality

12

between 6“& and 6%% ig restored.

5. Diffractive disgociation

The physical nature of this phenomenon was clarified in
papers'[?ﬂ]. It is due essentially to complicated structure of
hadrons, which can be found in states with very different abi-
lity to interact. As a result, the through-going wave is not
Jjuat the weakened incoming one, therefore it decays into sgome
states more complicated than just one nucleon.

This general argument is clearly demonstrated by the ex-
pression LE?l for the diffractive dissociation cross section:

ds ) e (20)
Até
where, as before, W(b) is the probability to interact in some
state of the system at impact parameter b, and angular brackets
mean the average over all states. Comparing (20) and (14) one
can obtain the so called Pumplin bound

tot e dd
Lidisis L d 6T db ) - Cwirel) o o (e
Z |6 A6 A

where the nonequality follows from W(@)(1.

In the work [14} some model was used for more quantrtetive
discussion of this phenomenon. It was showvm there that there
are esgentially two sources of fluctuations: those in the num-
ber of constituents and in impact parameter. The latter is more
peripherial and have a dip at b = 0, so.if it is the only one
present (which is the casze if F‘[1 = 1) the same ig predicted for
total diffraction, which ias experimentally wrong. In other
terms, in any model with nonfluctuating constituents the for-
ward diffraction is zero due to orthogonality of the wave func-
tions.

Comparing our calculations with those in [14] we may say
that, first of all, our model is more realistic, and second,
the fluctuations of the target and the projectile are taizen in-
to account simultaneously. By the way, dissoclation cross sec-
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tion found in [j4] ig related with projectile dissociation on- complicated phenomena such as multigquari interactions.

ly, for only its fluctuation is considered. Itg identification There exlist two types of double interactions, involving 3
with 1!2 of the total cross section of diffractive dissociation and 4 quarks, respectively:

made in I_M] is just a crude approximation.

. The first p?lnt we Tare golnjg; to conmr_der is J.nhe shape of @ (’!EJ @ @ ("18)

e gquark-quark interaction profile. The interaction of the ;
black discs is not in agreement with data in very general con- .r @ @ ; @ ) (18)
text. Really, if the ensemble of W consists of only W = 0 and f{ (

W = 1, then the Pumplin bound (21) is reached. Experimentally, f (a) é)
diffractive cross section is esgentially smaller. Js Notations are selfevident, circles are quarks of one and ano-

S0, we have congidered the Gaussian shape (13). In our ther nucleon, lines are interactions and the numbers in bra-

Monte-Carlo set of events we have certain ensemble of W, so the ckets is the number of combinatorial combinations of such ty-

calculation of the dispersion (20) is straightforward. pe. The correspondant probabilities are

With the values of the quark activity P_ = 0.6-0.65 sug- (o) (P@)ngp {— [[BT~ é:,)zf (53:* E;,)?J/E 3'; }

gested in earlier works [13] we have found the following values
of the diffractive cross section with inelasgtic excitation of

any of the colliding hadrons Y sy PiL 7 3\ ?
- |6 g1r)+ [ g!) /2?
6,0 ($:400) = bwb ol (6) (F) E“P{ [ (&, &80 1/2% §

(23)

(22)
We also congider triple interactions, which are of four types:

NN i
S 14 (s:10°) = 9.5wb - @ O—0O

The number in brackets is the experimental value, and the agre- O O (E) O O {35-) O (35) O0—0p0 (6)
ement is good enough. The profile of this cross section 1s
shovm at Fig. 2 by the dotted line for each energy. Dip at 0.0 550 0 O C——2)

b =0 1is ahsentifor quarks can fluctuate in the model conside-

red. (C) (d) (E) QF)

The measurements of diffractive dissociation cross section and neglect more complicated possibilities. Note, that even

at CERN Collider is very interesting: it can show whether P_ in quartic interactions involve 5 out of b duarks s sty

really energy independent and is the intrinsic cuerk nroperty, unit probability, so 1t 1s hardly possible tc separate thelr

& i t L]
eg assumed in our estimates. multiple types
The results of our calculations for two energies are as

b, Probabilities of the multiguark »rocesses follows:

i,

Having demonstrated that the model iz able to describe
well the average probability of hadroniec interactions .in sce-
tion 4) and even the dispersion of this probability (in secti- ;
on 5) we are encouraged to estimate the probabilities for more

14 ] : 15
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where we have also included the probabilities of diffractive
dissociation P;iq @nd of nondiffractive single interaction of

one quark pair qu. The numbers in (24) are P: - 6; /Sfuet’ 4

These results allow us to make some predictions concerning
fragmentation at Collider energies, S§ Cf105 Gevz.

(1) Spectra at x ~ 2/3, connected with spectator diaguark,
should decrease by about 20% as compared to s ::102 Ge?g region.

(ii) Spectira at x ~ 1/3, related with fragmentation of a
spectator quark, should increage by the factor about two.

It is not reasonable now to present more detailed calcula-
tiong because the experiments are under way and their results
will soon be available. S5till we would like to comment that the
predicted changes are not so strong as suggested in [10], but
guite gignificant and measurable. If such effects be really
found, this is a sipnal for much stronger changes at higher
energies, as suggested by multiple cosmic ray studies.

Te Multiplicity distribution

The striking property of the multiplicity distribution in
hadronic collisions is its nonstatistical character. Although
the number of particles can be rather large, the dispersion
i 5[)!; {hlp-ﬂh)z) does not behave as CM:)'h s but is propor-
tional to {&w/? . The more strong statement of such type is known
as the KO scaling [227:

- 6-'-"\ - __1_' .--—M.--. {25}
Pv. X E’ T Ty r (f_h})
Ll

S el

However, the physical nature of such behaviour ig not so Tar

clear. Its relation to Feynman scaling, discussed in [22}, is
not so evident, in addition, the Feynmann pealing is violated
more strongly. However, for our discussion below it is impor-
tant that the KNO scaling is violated as well, the available

data on Pn L22~25] are ghown at Fig. 3 as CQ :JHQP/ZH2%.

As we have already discussed in the introduction, such
broad distribution is prﬂhabl? related to mixture of gome guali-
tatively different phenomena. The particular dynamical schemes
have suggested such examples, for example, in Regge phenomero-
logy the contribution of cuts produce double multiplicity es
compared to pomerons, etc.

In the additive gquark model the natural candidates are the
multiquark subnrocesses. Gualitatively, it allows one to under-
stand the approximate KNO scaling and its slow violaticn in
certain direction with the energy growth.

The nrobability of several quarks to interact in one colli-
cion event g determined mainly by the guark-quark cross gecii-
on. Its energy devendence is rather weak and is seen only if
very broad range of energies is considered. S0, their »nrobsbili-
tieg are weakly energy dependent, which explains Kic. In second
anproximation, their probability 1is inereasing with energy, s0
the K0 should be violated toward the increase of momenis Cg ,
shovring the increase in large multiplicities to be somehow

stronger than in average ones.

.In order to consider these phenomena more cuantitatively
one needs to know:(1) the nrobabilities of multiguark subosro-
cesses and)(2) the multiplicity distribution corressonding to
them. The former ingredient was estimated sbove, the latter on.

NeEea

~dr come assumptions to be additionally made.

-

T.0t it be the simnlest statistical assumpiion, the Poingon
i =twikuiion of tracks with negative charge. It has only one
coremeter, the average multiplicity, which is esgentially knovm

for two mein subprocesseg “a and "b".

For the case "b" we have just two independent ccllisions
of two nairs of guarks, evidently

Linida s 24744 (26)
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For the case "a" we may use data for hadron-nuclei collisi-
ong, in which colligions of quark with v ones is the dominant
procegs. For power fit

el
¢ At i, (27)
Sy 19

one have o = 0.7, see e.g« [T]. Such behaviour is suggested by
the model [26], but now we are just interested in the experimen-
tal fact.

With the assumptions specified above we may try to estima-
te the shape of the multiplicity distribution and its evolution
with energy. The results are shown at Fig. 4-6 for energies
g8 = 400, 4000, 1-5-105 Ge?z, regpectively, together with data
[23—25]. Note, that the contribution of diffractive events is
pregent in data, but it is not included in the model. Therefore,
digagreement as small VHA should not be taken seriously.

It 18 seen that general agreement at lowest energy is the
worst, probably Poisson is too broad and one should also acco-
unt for negative correlations due to conservation laws.

At larger energies the agreement is better and we consider
the resulta to be satiefactory for so simplified model. The eg-
sential lesgson from these calculationa iz that narrowing of the
Poisson and the growth of multiquark event rate can nearly ide-
ally compengate each other, approximately conserving the KO
ghape of the experimental distribution. We think this ig a real
explanation of the KNO scaling. Note also, that for TN case
predictions are very gimilar, see the results (24).

8. Summary and conclusgions for
experiments

Assuming constituent quarks to be the true building blocks
of hadrone in soft hadronic reactions one can ask a lot of
guestions concerning the properties of these objects. In fact
they have all the properties relevant for hadrons themselves:
total and elastic cross section, diffractive digsociation, one
can spesk about the average multipliecity in quark-quark colliagi-
on etc. In first approximation in hadron collisions we have in-

Bty i

i

teraction of only one pair of guarks, so the relation between
the hadronic and constituent guark properties are very simple.
In ﬁext approximafion one should include shsdowing and other
phenomena related to multiquark subprocesses. This was attemp-
ted in ‘the present work.

With parameters of quark-quark interaction Pq = Dub - 0.65
and rq (depending on collision energy) we have calculated total
and elastic cross gections as well as that of diffractive disso-
ciation. They all agree with data reasonably well for NN and

N cases, demonsfirating reliability of the model used. We have
alsc estimated the probabilities of multigquark subprocesses,
and have calculated multiplicity distribution using some addi-
tional simple assumption. The results again reassonably well '
describe data.

We think therefore that the main idea of the present work,
of the exigtence of sgeveral qualitatively different colligion

tiypes due to different number of quarks involved, deserves

further experimental investigationsg. In order to make them one
have to use detectors much more complicated than those for in-
clusive measurements. The experimental information about each
event should be sufficient to ascribe it to some of the inter-
action types. S0, we are going to discuss shortly what l1s desi-
rable to measure in such experiments.

The fragmentation of both hadrons is important, for the
meagurements of the momentum fraction of the secondary protons
ig by itegelf sufficient for rough determination of the event
typee It is reasonable to separate diffraction region as X very
close to 1, the region around 2/3 as diquark fragment, and x
about 1/3 as a fragment of a quark. The marked asymmetry of
fragmentation and of all secondaries is a signal to asymmetric
collision of the type "a" (see section 6). The separation of
the events according to multiplicity intervals ig also very im-
portant. -

The final aim of such investigationsg should be the check
of whether the interaction types as described above really
exist. In principle, if the spread of parameters inside each
kind of the interactions is only statistical, we may say that
we finally understand dyngmics of the collision. Evidently, that

e



large multiplicity does not make such analysis more complica-
ted, bu® on the contrary, it suppresses the unwanted gtatisgti-
cal fluctuations. It can be said that high energy colligion is
a calorimeter for studies of nucleon structure, and the higher
ig energy the better calorimeter works. This astatement can be
illustrated by Fig. 4-6, which show that separation of diffe-
rent interactions is simpler at higher energy.

In conclueion, we suggest new generation of experiments
with high energy hadron-hadron and hadron-nuclei be made, spe-
cially ‘designed in order to separate more fundamental subpro-
cegses:involving different number of constituent quarks.
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Fig. 2.

Fige 3«

Fige 4+

Fig- 5#
Fig- ba

Pigure captions

Dependence of lel/SQQ on guark-quark cross section
) e due to shadow corrections. Two arrows indicate
the values of Ek% at energies of ISR and SPS Collider.

Average probability for two nucleons to interact ver-
sus impact parameter b at energies S = 400 Gevz and
105 Ge?g. The golid curves are predictions of the mo-
del, the dashed ones are the Gausslan parametrization
of data, the dotted curves show the profile of difrac-
tive dissgociation.

Complication of modern data on Ciifhch}/fhgg)% at
different energies. The energy dependence, violating
the KNO scaling, is clearly present.

Multiplicity dietribution of charged secondaries at
% = 20 GeV. Data points are from [23], golid curves
are the predictions of the model. The curves merked
1,2,3 corregpond to contributions of one guark pair
colligion and processes (a),(b) of section 6, respec-
tively. The dashed line is the Slattery fit. Hote that
the model does not include the diffractive component.

The same as Fig. 4 but for S = 03 GeV and data [24].
‘The same as Fig. 4 but for VS = 540 GeV and data [25].
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