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I. Introductilon.

At last time nontriviaml effecls of the relativistic nuclear
physics: cumulative processes, HEMC-effect, mnomalous nuclear depen-
dence in large P; processes are of great interest for the general
public of physicists. Such mn Interesting phenomenon as the cumula-
tive particle production shows that multligquark configurations are
evidently presented in nucleus /1-3/. In our opinion this is confir-
med by NA-4, EMC, SLAC experiments on deep inelastic lepton-nucleus
scattering /4-6/. Aas to the anomplous nuclear dependence in large
P, processes observed by Cronin's group in 1974 /7/ and investiga-
ted in detail by Sulmev's group at the Serpukhov accelerator /8,9/,
the theoretical situation is not satisfactory now /10/.

The interpretation of the obmerved effects is difficult because
of two reasons:

1. Distributions in nucleil and Iin free nucleons are different
due to the Fermi-motion of nucleons and a possible presence of the
multiquark fluctons /1-3/;

2. Hard hadron-nucleus interaction can be more complicated in
contrast with the deep inelastic lepton-nucleon scattering because
of the multiple rescattering effects of quarks of a colliding had-
ron and the absorption of secondary hadrons /10/.

These circumstances have not been taken into acceunt so far.
Therefore, this paper contains the analysis of the relative contri-
butions of multiquark fluctons and rescattering of quark of the
colliding hadrons taking the Fermi-motion into account in the forma-
tion of anomalies at the large P) meson production, that have been
observed in the experiments /8,9/.

This enalysis is based on the most realistic hadron and relati-
vistic nucleus models. These models, as we think, are the additive
quark model of hadrons /11/ and the quark-parton model of nuclear
fluctong, naturaily explaining the EMC-effect snd the properties of
the cumulative production /2,12,13/.

The mechaniam of large Fg hadron production in hadron-nucleon
collisions at high energies should be known in order to analyse the
hard hadron-nucleus processes. As is known this mechanism can be
the hard elastic scattering of quarks with the subsequent fragmenta-
tion of one of them into the observed large P, hadron /14/. In the
cage of hadron-nucleus interaction the constituent quark of the ini-
tial hadron before a hard collision with a quark of a nucleus can
have a number of sgoft collisions (at small momentum transfers), that
cannot be neglected if the momentum transverse of the final
hadron is not asymptotically large /15/. The quark collisions inside
the nucleus succeeding the first hard ones can be neglected because
of their smell contribution /10/. The physical reason for that is
the following: the constituent quark shakes off its gluon and quark-
entiquark cloud after the hard collisions, therefore its cross gec-
tion of the interaction with the nuclear matter decreases fast, The
difference between the quark distributions in free nucleons end in
nuclei should be taken into account close to the one-nucleon kine-
matic limits, that is at xy — 1 /2,3,16/. For the process of lar-
ge P, hadron production in N-N collisions at the angle 90° in the
N-N centre of mass the variable x goes to x, = 2P/ ¥s'.

Just at large x; the anomalies in the inclusive meson spectra
have been found /B8,9/. The value of x; in these experiments amoun-
ted to xy = 0.81 ( §5° = 11.5 (GeV), Py = 4.65 (GeV/c).

The paper is organised as follows. In Sec. 2 we consider the
model of multiple rescattering processes. The inclusion of multi-
quark configurations in nuclei will be discussed in Sec.3 . The re-
gults calcuation and their discussion are given in Sec.4 Sec.5
is devoted to the main results and the conclusion.

II. Multiple gquark collisions.

The role of multiple quark collisions inside thne nucleus in
gpectra of large P4 particles produced in h-A interactions at high
energies has been invegtigated in refs. /10,15, 17, 24/. In the
general case the quark of the initial hadron can have both soft
(at small transfers /t/g1 (GeV/c)z) and hard (at large transfers
/t/ 1 (GeV/c)z) collisions inside the nucleus. It was shown
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/15, 19/ that soft multiple rescattering of quarks of the initial
inside the nucleus give the main contrihution to the spectrum of
secondary particles, in particular, mesons at P= 2 + 3 (GeV/c),
but at larger transverse-momenta hard quark collisions have to be
teken into account, that Zs,the ocollisions at large transfer. Howe-
ver, contrary to general opinion the hard rescatterings cannot
explain the observed A-dependence of spectra /10, 20, 21/. In this
connection, the authors of ref. /18/ have made qualltative and quan-
titetive statements that the main contribution to the formation of
the anomalous nuclear dependence is given by the processes in which
the large angle scattering occurs because of a several of soft and
one hard collisions inside the nucleus. The accurate calculetions
under these assumptions have not been performed so far. Therefore
it is interasting to develop the method proporsed before /15,17-19/.

The dynamics of the production of large P particles in h=A
reactions can be considered in the following manner. According to
the additive quark model /11/ every constituent quark, valon, of the
initial hadron scatters multiply softly on nucleons inside the nuc-
leus, that is at small transfers independently of each other. Then
it scatters hardly on the quark of the nuclear nucleon that is elas-
tically at large transfer. After that the quark can be considered as
the pointlike parton the cross-secltion of which is very small. There-
fore this quark-parton does not practically interact with nuclear
matter until a hadron is formed from this parton mainly without a
nucleus /10,20/. In the case of the production of rather fast had-
rons al large P in h-A reactions we take into account miltiple
soft and one hard quark colllisions inslde the nucleus,

We shall consider ncw the inclusive large P; meson spectrum
in P-A interactioms. According to the above-mentioned and refs. /15,19
18/ it can be represented in the following form:

A
ELE-ZRF7xny ;o

Here the following notation is introduced: L\ (’K~) "y 3 is
the inclusive hadron spectrum after n - multiple quark colli-
sions inside the nucleus, that depends on the longitudinal momentum

fraction x and transverse-momentum Py of hadron I is the probabi-
lity of n quark collisions inside the nucleus.

We suggest to represent the hadron-spectrum Edé/o(‘gﬁ in FA -
collisions in the following form:

n= -
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f%*“) is the nuclear density,§ ‘>is the probability of the quark
to have the longitudinal momentum fraction X and the transverse-mo-
mentum PL after n-1 interactions inside the nucleus. It is calcula-
ted as the convolution of n-1 differential cross sections of the
quark-nucleon interaction

1 de

EAPE dxdR
GN(A ) is the distribution function of quark in the nucleon (we
assume so far that the nucleus consists of A independent nucleons)
in the longitudinal momentum fraction X cﬂ§ﬂf¥)ﬁgt is the differen-
tial cross section of the elaatic quarx-quark scattering depending
on the iotal energy square S of colliding quarks and on transfer t

h
/14/; D‘ (Z) is the fragmentation function of the quark into a
hadron.‘

The cross section of the total quark-nucleon interaction is

chosen in the form G ~ f%.G;vAj according to the additive assum-
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ption /11/, where éNM is the cross gection of the total N-N
collision. The momentum spectrum of the quark in the processes
gN = gX is chosen the same as in the reaction NN —=» NX /23/:

€ -Bkyp
,f; (x,x1)=(p+1)xp%e (3)
because the quark-nucleon interaction is soft.

Notice that expression (2) in contrast to refs. /15, 19/ was
written under the assumption that soft multiple quark collisions
take place before a point 2 , but at # the hard quark collision
at large transfer takes place; after that the quark-parton interacts
ingide the nucleus with a negligible cross section.

The distribution of constituent quarks in the colliding nucle-
on depending on x and Ky is presented in ref. /14/ in a factorised
#onn: Gy (x, k) = ?u(x)gu ( ¥1).The quark distributiosr in the
nucleon g,” LKJ_)depending' on an internal transverse-momentum can be
taken in the form suggested in ref. /14/:

GuKe) = B2 o7F%,
2m

()
The method of calculation of the quark function G’ (X, K_L)

after multiple soft quark collisions inside the nucleus is presented
in refs. /15, 19/. Omitting the calculational details we give only

the final expression for (;(;')(x, Ky) = 7("')()() 8(“_')( Ki):

() _ B L
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Here K,,(4) is the McDonald function of m order, [© («) is the
gamma function, B = 2 /{ K¢), where (K1>is the mean momentum of
the quark in the nucleon; it is determined from the deep inelastic
1-N scattering data (see refs. in ref. /14/). As q,,[(X)we can use
in our calculations the distribution of valence quarks since the dis-
tributions of constituent and valence gquarks are practically equiva-
lent both at small X /24/ and large X /29/. The distributions of
valence quarks in the proton are the result of the ENMC-data fitting
/25/: 3.3
XUX)=2TX (L +14.2X)(4 =X)™"

d(x)/u(x) = 0.573 (4 -x)-

¥e should like to notice that these functions describe the ENC-data
at 02 = 5 ¢ 30(GeV/c)2 that corregponds to transverse-momenta
Py>x2 + 5 (GeV/c).

We use the parametrization of the elastic quark scattering in
(1) that is different from the parametrization of the "black box"
Feynman-Field model /14/ taking into account the scaling vielations

dé ' - 2

e 2 = 30 (GeV)~

7 (3 + M)" ; M 0 (4)
Jé L+

if the parametrization ¥ ~ (Za+M) (-% +M.)> describes the

large Py meson inclusive spectra in P-P collisions at FNAL and ISR
energies (194 S % 62 (GeV)), then (4) describes the IPhHE data at
{? = 11.5 (GeV) very well where the scaling violation effects are
clearly seen.

In fact, the nucleons inside the nucleus are not frozen, their
motion inside the nucleus has to be taken into account in the same
way as in ref. /13/. The querk distribution function in the nuclear
nucleon is pregented in the form of the convolution of the quark
function of the free nucleon and the function of Fermi-motion of
nucleons inside the nucleus Nﬁ /13/:‘

X )dx'
gax) = N ® gy = JN7 (XD gu o) S -
X

xl

For simplicity of calculations the function NFA can be chosen as in
ref. /13/, in the Fermi-step form:
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The choice of the Permi-moticn in this form is an approach of course.
However, it can be justified by thet the inclusion of & rather real
function NFA changes the quark functimqﬁkx) by about 10% - 15%.

In calculating the contribution of the multiple quark colli-
sions the quark distribution in the nuclear nucleons including their
Fermi-motion has to be taken into account.

ITT. Multiquark configurations in nuclei

The analysis of the cumulative production in hardon-nucleus re-
actions /1-3/, data on deep inelastic lepton-nucleus processes and
other experiments point out that the distributions of quarks in a
nucleus and a free nucleon are rather different. We think that ob-
served effects of relativistic nuclear physics are the result of =
permanent formation and decay in a nucleus of multiquerk configura-
tions-fluctons.

We shall use the flucton model considered in refs. /13/ accor-
ding to which the momentum distribution of quarks and gluons in the
flucton consisting of colourless three quark clusters is the convo-
lution of quark and gluon distributions in the nucleon and of an
effective nucleon distribution in the flucton.

According to the model discussed the quark distribution func-~
tion in the nucleus (averaged over transverse-momentum) is represen-
ted in the following form:

Galx) = ﬁIC‘A 6, (x) (5)

Lol 4

where Ct is the probability of the k-nucleon flucton ( Z- C =1),

and G;(X) is the quark distribution in the flucton consist:lns of
3k valence quarks ( S G (K) d X == 3k). The distribution G (x)
can be represented as the Mellin convolution of the momentum distri-
bution of colourless 3q - clusters and the distribution of the quark
in these 3q - clusters:

6, (x) = gy ®N, > (6)

G,(x) = qN(x) is the quark distribution in the nucleon, Nk(x) is

the distribution of 3q - clusters. The distribution Nk(x) (62 2)
follows from the description of the experimental data on disintegra-
tion, EMC-effect and the cumulative processes (see ref. /13/). It
has the following form (with taking into account the Fermi-motion

of 3g-clusters in the flucton and decreasing of the average momen-
tum fraction of valence quarks in the nucleus, etc.)

Ne (1) = A x® (1 =3 N, (0dx =k,

("
B = ARK-W+2)-K
[ 2 K-A

s w=3 y A=0.39 ’

A is the ratio of the momentum fractions of valence quarks in the
nucleus and free nucleon. The parameter value W = 3 corresponds
to the case when the quark of the initial hadron in the hard scat-
tering knocks out only of all quarks of the colourless 3q~cluster
of the k-nucleon flucton, thus exciting its colour degrees of free-
dom of other k-1 colourless 3g~clusters of the flucton remain almost
unexcited. We shall not discuss the problems concerning additio-
nal quark and gluon sea formed in nuclei /13/, since we are interes-
ted in large values X where the sea gives a negligible contribu~

tion ( X 2 0.3).

IV. Results and discussion

We consider now the large Xd_meson production processes in the
proton-nucleus collisions taking into account both the multiple res-
cattering processes and the presence in the nucleus of multiquark
fluctions of density -~ fluctons.

For this purpose we substitute the quark distribution in the
nucleus (5) into the formula of the multiple rescattering (2) ins-
tead of the momentum distribution of quarks in free nueleons.
Firat we shall discuss the quntitative results. As is shown in ref.
/12/ the quark distribution function in the flucton calculated by
expression (6) is considerably larger than the quark funotion of the
nucleon qN(x) at x close to 1. That means the following: if the mi~
nimum integration limit xzmiq is large, the final meson spectrum



changes very much if we shall take multiquark states in the nucle-
us into account. If the internal transverse-momenta K, are neglec-
ted in expression (2) the integration limits X ,u. 5  T— will
be presented by simple expressicn /14/
s Ki C/t‘? /
Kinin = ’

2 -le—‘(? “‘/

Xi)(J_ t‘?&gu/z .

Xz radit
K

NN
where '3”4 ig the emission angle of the final meson in the cenire
of mass of the nucleon-nucleon collision. In the case -&g: =g0°
we have

= XL - Xg Xy
x i = — 2M! = 5
sandl: . K 2K =Xy

Therefore, it is shown that Xz.uix /x goes to 1 also at x,
Since the kinematic boundaries of quark distributions in the free
nucleon and in the flucton ere different, the inclusion of quark
fluctons in (1) has to give a considerable increase in the spectrum

at Xy close to 1.

—> 1.

Consgider now the simplest example - the scattering on the deu-
teron PA - h X .
The invariant differential cross section of the process Pd

has the following form ( = Et/‘é
d

fod = (1= i) [fpp+fpn + 2 LT)H
*+ Cf, #6;

(8)

d
L‘,ia tho probability to find a 6q - state in the deuteron,
p. = L 6 {K?%)is the probability of the double rescattering,

,{ is the hadron gpectrum after the rescattering calculated by (2)

10

Fig. 1

The x_l_-dependence of R =
B i’ﬁ*) t £L(7\“)

2L §p w5+ S (%)) e
f (7') S’ ('71') are the invariant 7 -
meson apectra produced in P-d and P-P
Interactions respectively; the dashed
curve is the results of calculation the
double quark rescattering and Fermi-moti-
on are taken into account. The solid
curve is drawn taking the double quark collisions and Fermi-
motion, and 6q-states in deuteron into consideration; & }_ o
are the experimental data at initial proton energy E = T0(GeV)
from ref. /8/ and /9/ respectively.

Fig. 2 R
The x -de endence of R =
§CIL §>+ fclL(/_L
2L Fe (x9+ Fp(r)]
where fo (%) are X —meaon spectra
in the reaction P C ;5 the

solid curve is drawn taking both
the multiple rescatterings and

other multiquark configurations

in nuclei into account; the dashed
curve ia the contribution of multiple
quark collisions and Fermi-motion of nucleons in nucleus

only. § are experimental data at E, = 70 (GeV) from ref. /9/.

Ya
#
//
¢ }/
/ FPig. 3. A~dependence of the ratio R
I / e . at x; = 0,81, the solid and dahsed
fpmeen curves denote the same as in fig, 2;
By R e I are experimental data /9/.
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The ratio of cross sections

R(xs) = fod=hX_

2fpp~hX

NN . d " (S
(facuzgo,ccqz' /O,Ll‘— 2 )

in comparison with the experimental data /9/ is presented in fig. 1.
It is shown that the mechanism of double rescattering is dominating
at XJ_QCM7_ At larger X1 the main contribution comes from the
hard scattering processes. But the experimental error can reach a
very large value (dashed curve in fig. 1) at Xy = 0.81 according
to /9/ thus we cannot inder that the contribution of the 6q-state
to the inclusive process Pd -9}1)( is large at attainable experi-
mental accuracy at Xi= 0.81.

Really, the calculated results (see fig. 2) for P120 — n
show that the contribution of the flucton mechanism is sufficient
at A3x0.7 and it is dominant at x_‘_)O.B.

We shall consider the medium and heavy nuclel where the ano-
melies are large /9.

Since the power ansatz for A-dependence is not true in the in-
clusive one-particle spectra of large Pj hadrons, i.e,,the cross
section cannot be represented in the form /9/:

EL (pa~hX) = APIEL (N = hX)

we shall consider the ratio

R = 555 (A ~hX)/A £ 4 (pN~hX)

in the dependence on A at the fixed value )(L.
The calculated results at only one value of Xj (the value

Xy = 0,81 is most improved in the experiment /9/ now) are presen~
ted in fig. 3 because of the difficulty of the numerical calculati-
ons. One can easily show that the main nuclear effect that gives
an anomalously large meson emission at X3 > 0.7 ¢+ 0.8 is the exis~
tence of multiquark fluctons in nucleus. The inclusion of multiple
regcattering processes and Fermi-motion of nucleons describes only
20% of the effect observed at X3 = 0.81. In this case the value of
the coherence radius of nucleons in the flucton as the parameter of
the flucton model was equal to 0.97 (fm.) for all nuclei (except

deuteron). This correasponds to the probability of flucton formatlon
in 12¢  approximatly of 18.5% and in ®%cu , 2°TPb of 25% and 30%
respectively. These probabilities calculated in the framework of
the gas description of EMC and cumulative effects /13/, preliminary
A-4 date end enomalies found by Sulaev's group /9/, which confirms
the basic assumptions of the flucton model /2, 13/.

Our results point out that the results of refs. /26/ are uncor-
rect, where the anomal A-dependence of large Pi  processes /7/ has
Les1 explained with the help of multiquark states at comparatively
small Xy (0.2 < %<& 0.6).

Our results agree with ref. /16/ qualitatively, where the parti-
cle production on nuclei at 0.8« R <1.2 ( " = 90°) is predicted.
It has been noticed /8/ a rapid decrease of cross sectlons with res-
pect to Ay for large PL cumulative processes (Q = 90° 8
Kl_z 2) in contrast with the cumulative production of small Py
hadrons («8"::'5 180°, X™"%m A).

Ve Conclusion

The analysis of the inclusive large K3 meson production in the
hard hadron processes on nuclei has allowed one to understand the
relative contribution of multiple rescattering processes and the ex-
igtence of multiquark fluctons in the nucleus in dependence on X,
the multiple rescattering processes are dominating at X3 <0.7 + 0.8
whereas at larger XA the mechanism of hard scattering on fluctons
is domineting. The model of multiple rescattering in which the multi-
ple soft collisions suggested in this paper are taken into account
before the hard collision allows one to describe the multiple rescat-

tering processes inside the nucleus correctly.

The flucton model succesfully used earlier for the description
of the cumulative production and EMC-effect with such parameters is
applied for the description of anomelous phenomena in the large RL
processes in nuclei.
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Heenepyercs umukmosnBHOe o6pasoBaHHe AfpPOHOE C GONBUMUMH 11O—
NEePEeYHLIMH HMITYJIHCaMy g B P-A peakuusx. llokasaHo, 4uro ormu-
uHe paclpe/ieNleHHH KBapKoB B CBOGOJHOM HYKIIOHE H B AOpe MOXeT
NPHBECTH K aHOMANIbHO GONBWOMY BHIXOAY afIpPOHOB, B YaCTHOCTH,
Me30HOB, ¢ X = 2P /v§S > 0,7-0,8, uro NOATBEDPXOAE TCH
SKCNepHMEeHTanbHO. [lpy MEHBMMX X, OCHOBHOH BKIAg B paccMar—

PHBaeMble CIEeKTphl DawT MHOTOKpaTHble KBApKOBbIE CTOJKHOBEHHA
BHYTpPH sAnOpa.

Pabora Bemonnena B Jla6opaTopuu TeopeTHUYecKo#d odusuku OUAU.
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