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As is known the quark-gluon string model (QGSM’L°/), based
on the 1/N expansion in QCD /7-9/ g quite successfully used
to analyse multiple production processes in hadron and hadron-
nucleus’/4.8,11/ interactions. Usually, the characteristies in-
tegrated over the transverse momentum P, are considered in the
frame of this model. To derive the dependence of the observed
values on P, it is necessary to know the P, -dependence of the
distribution functions of quarks (diquarks) and their fragmen—
tation into hadrons. The analysis of the processes in the fra-
me of QGSM taking into account the quark and diquark transver-
se momenta was performed in ref./'?/ | But the weak dependence
of the average transverse hadron momentum on the number of the
quark-antiquark chains and consequently, on the Feynman vari-
ables X was derived in ref./1%2/ |

The mechanism of the inclusion of the dependence of the
quark (diquark) distribution functions of the transverse momen-
tum P, is proposed in the frame of QGSM in this paper; it is
somewhat different from the method considered in ref. 27,

The hadron and hadron-nucleus processes are analysed in the
method suggested. .

We shall first consider the hadron-hadron interaction pro-
cess, for example, pp »hX in the frame of QGSM taking into
account the quark and diquark transverse momenta. The inclu-—
sive invariant hadron spectrum based on the cylinder-type

graphs, giving the main contribution to the process discussed’zc
can be written in the following form’ ** :

do h
Ea-s—;- = nUn(ﬁ)¢n(x'pt)t (1)

where the following symbols are introduced: @5 is the cross
section of the n—Pomeron shower production or 2n—quark-gluon
strings decaying into hadrons; ¢2(x.p:) is the hadron distri-~
bution over X and P, produced in the decay of 2n quark-gluon
strings, x=2p% /VE is the Feynman variable, P, is the longi-
tudinal momentum of the produced hadron in the c.m.s. p-p;
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xi = 2(\/xt+x tx); X = 2th-+pt/Vs.

Wy, Pep are the mass and the transverse hadron momentum res-
pecFlvely, v8 is the total energy of two initial protons in
their c.m.s.;

(n) - X, x
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where th% symbol r means the flavour of the quark or the di-
quark, g‘ (x,k;) is the distribution function of the quark
or the diquark after n-Pomeron exchanges over its longitudi~

nal momentum fraction X and the transverse momentum ky ;
Gron(z,k)=2D,,, (2,%, };D;,, is the fragmentation function
of the quark (diquark) 7 into the hadron h.

To derive the p,-dependence of the functions F{” and there-
fore the inclusive spectrum (1) it is necessary to know the
dependence of the distribution functions f; and the fragmen-
tation functions of quarks Drpp(2,k;)onk,.

In ref/'® it was supposed that the valence and sea quarks
and the diquark in the proton have the internal transverse
momenta which add up to zero. The distribution of quarks (di-
ngrks) was represented in the factorized form f,(x.kt ) =
ff,(x)g,(kg, s0 it would also be factorized in the n-chain,
i.e.,

(n) )
0 (x,k,) = .7 (x)g™ (x,).
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The distribution g™(k,) was found as the product of the pro-
babilities to find the quark (diquark) with the transverse

momentum k,, in every n-chain, i.e. the product of functions
gr (k, ), the transverse momentum conservation law taken into

n
account, X k;;, = 0, it is integrated over all k;; except one.
{=1

This means that quark (diquark) transverce momentum on the ends
of 2n-string would be divided between these strings.

Another method of the division of the internal transverse
momentum between the quarks (valence and sea) and the diquark
in the proton is proposed in this paper, the method is similar
to the consequent energy division between n-Pomeron showers
in the p-p interaction’?/.

As in ref.’1%®/ we shall represent the quark function in
the factorized form.We shall consider the graph of the "cut
cylinder’ type, fig. la, corresponding to the production of
one Pomeron shower or the decay of two quark-gluon strings Ps{
The hadron production can be represented in the following man-
ner: each of two colliding protons is divided into a quark and
a diquark with the opposite transverse momenta; after the co-
lour interaction between them and the diquark and the quark
respectively of another proton two quark-gluon strings are
produced in the chromostatic constant field; then they decay
into hadrons. This process of the division of three quarks
into a diquark and a quark is repeated n times during produc-
tion of n-Pomeron showers or 2n quark-antiquark chains and the-
refore the diquark or the quark
at the ends of every string

-

P “?w d {(see fig.lb) acquires the nonze-
< ¢ ro transverse momentum.The more
¢ < division stages are the greater

p = ¢

a

=% Fig.1. a - The graph of the
"¢ eut cylinder” type in the ® -
P S= qg:‘\hz ¢ channel of the p—p scattering,
€ corresponding to production of
¢ two o—q chains; b — the graph
.¢  corresponding to production of
! n=Fomeron showers or £nq-q
B chains in the reaction pp -+ hX,

is the momentum. The calculation procedure of the quark (di-
quark) distribution after the n divisions can mathematically

be r?presented in the following manner. According to what was
mentioned above we have:

n n
() ®) 2
gy (k,)=[11 (k)8 (k,- 3 k,,)d"k,,.
r t fi=13r 1t b7 R 1 (6)

If, for example, sr(kit) isgthe Gauss distribution normalized

to 1, i.e., g,(k“)‘= %%e-yk“ then we have from (6):

2 .
(n) _ yn -ynkit . )f'

g (k) = —e Yy T (7)

A change in the quark (diquark) transverse momentum k, at every
stage of the above-mentioned process gives, in principle, a
change in the longitudinal momentum k,. At large energies of
the initial proton, for example, about 100 GeV, the change in
k, can be neglected if we are not interested in hadrons pro-
duced with very small x. Then the x~distribution of quarks {(di-
quarks) can be taken in the form derived in refs./?/

Functions of quark and diquark fragmentation into hadrons
must be known for the calculation of inclusive spectra and

other observed values. We shall represent them in the factori-
zed form as in ref./1%/

G, (2. kppy) =“Gr»h(z'pt)gr»h(ktzl (8)

where g,(k;)is the function depending on k alone, and the

function G,,p(2z,p,) is defined in ref.”/** in the following
manner:

. 2
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where a,(0)= 0.5 is the Regge~trajectory at t = 0, ap(0) =
=1(Gev/c)® is its slope.
reff};éﬁngSSlble to take the Gauss function as E?(kt), as in
2

e-ykt
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(n)(xt, X423 pt) and the inclusive hadron spectrum (1) can
be calculated using (7-10) and taking the quark (diquark) di-
stribution functions over x from ref. % .,

Note that the quark (diquark) distribution over k, in the
n-chain gsee (7)) more strongly depends on n in our case then
in ref. where ¥y, = ¥/(2-1/n). Consequently there is a stron-
ger x—dependence of the average transverse hadron momentum
<p, >in the p-p collision in our case:

2
<pt>*}'E_...;.ptdzpt/fE dpt

If energies are high, for example,

(1)
E, =100 (GeV), it is easy

4}
to see that at p,< 0.5 (GeV/c) the variable x_= —é—(\/xga»-g-‘- -x)

is approximately equal to zero in the whole region of x except
very small values x g 0.01. Therefore expression (3) can be

represented in a simple form:
1

$2(s.p,) = [ ¥ (xixgip,)dx,
. ,
* (n) (n)
¥ (xixy:ipy) = ayiFgq (x,5x55p) + qu(x+;:1;p, )+ (12)
+2(n—1)F§“) (x_ix;ip )l

ses

Substituting (12) into (1) and using the above-mentioned pro-
cedure of the calculation of the inclusive spectrum we obtain
the following expressmn for<p >

)dxl/‘z o, f q’a (x X )d

17
p>\/ 20f¢(x (13)
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The so-called "sea-gull" effect, i.e. the dependence of the
average hadron transverse momentum <p‘> on x, in partlcular
on r*-mesons produced in p~p- interactions at high energies,
calculated by (13) is represented in fig.2. The strong depen-
dence of these functions and, therefore, <p, > on the number
of the quark—anthuark chains is shown by expression (14).It
gives rise to a stronger dependence of <p; > on x than in
ref.’1%/ (see Fig. 2).

Therefore the considered manner of the transverse momentum
division between the quark-gluon string leads to a rather mar-
ked sensitivity of the quark (diquark) k,-distribution functi-
ons to their number. It is known that the contribution of the
multipomeron chains to the inclusive hadron spectra in the
hadron-hadron collisions is only 51gn1f1cant in the region of
small x but at x> 0.3 it is negllglbly small’**% | But they
can't be neglected in the whole region of x in the hadron-
nucleus collisions.

pp-—wn"x [ \I) pp«-—'ﬂ"'X

o
=
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Fig.2. The "sea-gull" effect for the reaction pp- ntX the
curves are the calculations by (13), (14) and f‘r‘om ref./12/ ;
the full curve correeponde to ¥ = 40 (GeV/a) =3 (GeV/e)% .
the dash 18 for V = 40 (GeV/c)=%, v = 6 (GeV/c)'z; the dash-
and-dot curve from ref. / / the e;cpermentai data: ¥ - for
VB = 45 (GeV) 738/, k- for p, = 175 (GeV/e)'3V ;s } - for the
kinetic energy T =65 (GeV/e)/1/



Therefore it is interesting to consider the proposed me-

thod of the inclusion of transverse momenta of quarks in QGMS Sk P=03 {GeV/c) 10’_ R=05 {Gev/c)
in the case of h-A interactions.If we choose the dependence of E P Cu=m:X P Cu=m2X
the distribution functions of quarks, diquarks and their frag- = |
mentation into hadrons on k, in the form as in the case of the E 2| 101»
p=p collision, then the following expressmn for the inclusi~- .{;10
ve spectrum of particles produced in the p—A interaction can o
be written: Ay A
10 10}
doA y: (15) E
SA(X.Pt)EEd—s-;=%Nn¢n(x.P; '
9
0k 0t
here the following notation is introduced:
N 4
n) (n) + : 10" F 10}
$,(x.p) = fdx o (ncq“ ST (e )+
(n) 1 % (@) Xy 2| :
+Y(x)G ( (=;p )+t (x,)G, [(=)x 10t L . : . . . T N e e
4 TV Ta,ob 10T Taen VT Ygen 4y 03 04 05 06 07 08 09X g 03 04 05 06 07 08 09X
LB (') x, f(:n) )G (!+ Y (16) Fig.3. The invariant inclusive spectra of nt-mesons in the
kal I (}‘;‘-p;) + Uon (x, qs-ﬁ-ohﬁ reactiorz pCusnt X at E, = 100 (GeV) and p, = 0.3 (GeV/e),
P, = 0.5 (GeV/c); the curves show the Pesults obtained in caZ-—
n (k.lz_i__ culationg by (15), (18); the full curves are for B=4(GeV/c)
x kfz I z. ' P )L the dash~and-dot curves are for B= 3 (GeV/e)-t and the da-
1 shed curves are for B= 2 (GeV/c)~}.
where
(k) Ya  TY2Pt .
(z,p,) = —-o If we choose the functions 8,(k,) and g, p(k¢) in the
. form:
Yn?¥ , 1
Yy = ——5=— +2ap (O)ln ) B?, Bk - BZ -Bg,k,
Yo+ 287 bor g, (k)= —Le I N R ; an
$ -0 T(b) Ry
N = FJ'(”T(b)) e d"b normalized to 1, then another expression is obtained instead
' of (16)
are the so-called effective numbers, ¢ is the inelastic cross 1 -
section of N-N interaction. $,(x.k,) = [ dxlfdzl;t Takld (x,)G _’h(z.pt ) ¢E;vq) (k, )} x
There the contribution of the decay of quark—-gluon strings x, A a
formed between sea quarks, antiquarks of the initial proton - (n) -2k
and sea anthuarks, quarks of the target nucleus nucleons res- xgqq»h (p —“ )+f (x )0 (z p )8 (p t)+
pectively is neglected. That is jzl/Stlfled if we do not consi-
der the region of very small x/ . Moregyer we suppose that t™ (x)&  (z,p.) 2 W (k,) x
the hadrons are formed behind the nucleus%, ﬁ/w ¥ Toa 1 9,70 ¢ LI - ¢
8 9
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Fig.4. The same as in Fig.3 but for w'-mesons produced in the
reaction p + Pv?07 L ot X,

)

n
~ (n ~{g)
x Bq — (P, —2k,) +qu a(xl) quh(z.pt)kfg ¢ qsea(k') x

[:1:3:9
2 (18)
) B, Brky, ¥V
B __(p, ~zk); & (k) = ( ) K, (B, k,)
q&ealg ¢ h r ¢ 2nl (v +1) 2 vt

it is the same expression for quu“) (k,), only v is replaced
by #; £ = %, _/%; . Here the following notation is introduced:

3
V=g -1; =—2-k -1 Ky, K, are the McDonald functions of

the order p,v respectively.

. Note that the parameters B, , By in the functions g, (k,),
Eron (k,) are in principle difgerent for diquarks and quarks
both va&ence and sea ones. For simplicity however, it was
supposed in our calculations that they are equal to each other
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Fig.5. The same as in fig.3, but for K*-mesons produced in
the reaction P4 ®4Cu s K*4 X,

and to a parameter B. The form of functions 8r(k;)v§r»n(kc)
of the type (17) is more realistic than the Gauss form/12/,
Therefore we used the form (17) for those functions, and the
form (18) for ¢,(x,ky).

The results obtained in calculation of the inclusive spect-—
ra of hadrons produced in p-A collisions in relation to X
at p, = 0.3 (Gev/c) and p; = 0.5 (GeV/c) and experimental da-
ta at P, = 100 (GeV/c)/1% are represented in figs.3+6; for-
mulae (15), (18) were also used. The figures show good agree-—
ment of the calculated curves with the experimental data.

As mentioned above it is supposed that the hadron forma-
tion length is more than the size of the nucleus, At high
energies, for example, at E_ = 100 (GeV) this is justified
if we are not interested in very small’!?/ and very fast had-
rons.”}8/ | Note also that we do not take into account the
contribution of the diffraction dissociation, i.e., the con-
sidered method is valid at x5 0.85+ 0.9. Our analysis is true

11
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Fig.6. The inclusive spectra of grotons (a) and antiprotons
(b) produced in the inelastic p-°%Cu interaction, full and
dash-and-dot curves correspond to B = 4 (GeV/c)} and B=
= 3 (GeV/e)Y in (18).

]

at not very large Pys Py S 1 (GeV/c), and not very small x.
The mechanism suggested in ref./}% ig stated to be the main
one at small X of hadrons.The division of gluons, which the
quarks of the colliding hadrons exchange, is taken into ac~
count in ref./'" | This mechanism leads to an increase in the
average hadron transverse momentum if the charged particle
multiplicity increases. Qur mechamism dominates basically

in the fragmentation region of colliding hadrons, but its con~
tribution is negligible in the central region.

Thus we arrive at the following conclusions. One of the
possible mechanisms of the inclusion of the quark (diquark)
transverse momenta of hadrons is considered in the frame of
QGSM. This mechanism leads to a stronger dependence of the

12

average transverse momentum of particles in the hadron inte-~
ractions on X and on the number of Pomeron showers n of 2n
quark-antiquark chains than Ege ?echanism of the type’'?/ that
is experimentally confirmed /%1% . This mechanism has to show
up more clearly in h~A collisions, where the contribution of
multipomeron chains is significant’¥ even in the fragmenta-
tion region of initial hadrons. Note that it is possible to
use a similar method of the inclusion of the transverse quark
momentum in QGSM for the analysis of fragmentation processes
on nuclei into hadrons in the cumulative region, if we assu-
me that the nucleus consists not only of nucleons but also of
quark clusters’®0.2¥ | This is however another problem, its
investigation, we think, will be of interest in future.

Finally the authors would like to thank A.B.Kaidalov for
the stimulating discussions and the interest in the work, and
to K.A.Ter-Martirosyan, 0.V.Piskunova, B.Z.Kopeliovich for
useful advice and discussions,
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lonepeuHre MMOYIBCH agpOHOB B HHKITO3HBHBIX

PEAKIHAX B MOOeNHd KBApPK—TJKOHHBIX CTPYH

B paMxkax Monend xpapK—IJHOOHHBIX CTpPYH Ipemjaraercs Mexa-—
HH3M ydyeTa 3aBHCHMOCTH DYHKUMI pacnpefeneHHA KBapKOB,Hu—
KBApKOB H MX (parMeHTAanHH B agpoHsl OT HOIEpeyHOro MMIOYiabh-—
caK . Tlpeanonaraercs nocnepoparenbHoe nernenne K Mexay
2n-KBapK—aHTHKBAPKOBLMH 1I€MOYKAMH WIH N-TIOMEpPOHHLIMH JIMB—
HAMH . AHAJIM3UPYITCHA aJpOHHHE M alpOH-ANEDHHE NPOLeCCH:
BLMHCIANTCA 34BHCHMOCTD CpelHero nomepedyHoro UMNynsca -
Me3oHA B P—P CcoypapeHus oT £, HHKIO3HUBHBIE CHEKTpH aipo—
HOB B p—A B3auMofedcTBHH NpH GUKCHPOBAHHRX H pPas3HHIX None—
PeHHBX HMIOYNRBCAX aAPOHOB., B TakoMm mopxoje nojydaeTcsa
CHIBbHAN 32aBHCHMOCTH HabImogaeMuiXx BeJIHUHH oT 1, 3To ocobeH—
HO BaXHO' INPH aHANH3€ AOPOH—AHEDHLIX CTOJIKHOBEHH,

Pabora BumonHena B JlaGopaTopHH AmepHuXx npoGrem OUAH.
Mpenpunr O6%enMHEHHOTO HHCTHTYTA ANEPHLIX Heenenonanmit. lyona 1988

Lykasov G.I., Slavin N.V,
Hadron Transverse Momenta in Inclusive
Reactions in the Quark—Gluon String Model

E2-88-418

The mechanism of the inclusion of a dependence of dis-
tribution functions of quarks, diquarks and their frag—
mentation into hadrons on a transverse momentum K, is pro
posed in the frame of the quark-gluon string model The
consequent division of K, between 2n-quark-antiquark
chains or n—Pomeron showers is supposed. Hadron and had-
ron—nuclear processes are analyzed: the dependence of the
average w-meson transverse momentum in the p-p collision
on x, hadron inclusive spectra in p-A interactions at
fixed and different hadron transverse momenta are cal—
culated. A strong dependence of the observed values on
the number n is derived in this method, it is of special

lmportance for the analysis of hadron-nucleus collisions.

The investigation has been performed at the Labotatory
of Nuclear Problems, JINR.
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