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As is known, the perturbatuve quantum chromodynamics predicts 
the cross sections of the processes in which the main contribu
tion comes from the quark-gluon interaction at small distances. 
The study of the inclusive processes with the production of an 
emitted particle with a ,large momentum perpendicular to the col
lision axis is most convenient. The data of the experiments 11"61 

on measurement of the cross sections* 

d 3 a 
E- (AB -+ CX) I 8= 900 

dp 3 

at the CERN ISR and SPS Collider are collected in table I. 

Table I 

Expt, I'roceea 1"; p.,.,., f'·"A)o. ~T 111,_, lirn"x lllumber of 
N AB"CJC OoV (,J' pointe 

Ia PP...., rro 540 !.51 4.42 0,005G 0.0160 -14 
IB pP__. TT'-' 540 4.20 .LI.GO 0.0160 0.0430 4 
lo pp_,...!¥- 540 0.55 !.35 0,0020 0.0050 9 

2 pp --7 IT~ 52.7 3.05 II.OO o.no 0.4200 23 
. •PP~ rru b~.tl J,uo .L,J,t>U u.u~rt U,4::! 16 

3 pp __, p 53.0 1,00 4.70 0,038 0.180 II 
pp-> f 63.0 I.OO 2.30 0.032 0.073 8 

.4 PP-lf" 53.1 3.71 12.70 0.14 0.48 16 
. PP- rr" 62.4 3.72 13.70 0.12 0.44 21 

5 pp -Tr" 45.1 1.08 8.02 0,0118 0.36 34 
pp ....... -rr< 53.2 1.28 7.81 0.048 0.29 33 
PP~7T~ 62.7 1.08 6.42 0.034 0.21 2? 

6 PP ...;> rr• 53.0 5.25 14.30 0.20 0.50 15 
pp- 71. 63.0 5,25 14.60 0.17 0.46 15 

45.1~11;540 0.55 .14.60 0.06 0.05 256 

The aim of this paper is the description of the cross sec-
tions of these reactions within the quark counting rules of a no-
malous dimensions in QCD I?,BI. 

The inclusive cross section of hadron production with large 

Pr in the hard collision 191 has the form 

* A,B.C are hadrons. 

2 

"' 

3 1 1 

E~(AB-.CX):l ( dxafdxbFa/A 
dp 3 a, b,c x min min 

a xb 

A A A da 
X 0 ( S + t + U) (---) 

dt ab 

da 
where (---) is the cross section of elementary parton subpro-

dt ab 

cesses a, b = q , q , G, F
1 

(x )is the distribution function 
a A a 

of partons a (b) ~n the hadron A(B) with momentum xa,b= 

A A 2p a,b 

vs 
, The variables s, t and u are related with the !!an-

delstam variables 

2 
S=(PA+Pc)' 

2 
(p A - Pc ) 

u (p B - Pc ) 
2 

~n the following way ~n the case of jet production have the 
form 

where 

x1 x2 u z = +---' X 1 =-, x2 
xa xb B s 

and 

x min x1 min xax2 =---. xb a 1 - x 2 xa- x 1 

By using the quark counting rules the asymptotic formulae 
have been calculated 181 • for the cross sections in the leading 
logarithmic approximation of QCD at large xT and () = 90° 

p;:.:~-:~~- ~-.:;:~~:-~:~-~-~ i 
~ • .. 4', . ,, 
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n-1 
Ed 

2
a (AB -+ CX) I = (~)2 

( (1 - x) _a -2r ln2x + bd(n,x) 
dp a O...goo p2 (n - 1)! s 

T 

(I) 

121T where a n r 1s the number of quark fla-
8 (33- 2nr) ln(Q2;A2) 

vours, A is the quantumchromodynamic 16 
scale, r = ---- and h 

33 -2nr 
1s the number of hadrons. 

The function d(n,x) is 

d(n x) = -r[ !_ + - 2
--- - l 

' 4 n (n + 1) i E 1 

1 1 -:- + (- + ln (1 - x))] , 
1 n 

where n is the twice of the number of noninteracting quarks 
-n = 2l(n 1 -1) (n 1 is the number of quarks in the hadron 1 ) . 

1 

The approach/7,8/ uses essentially the solutions of the evo
lution equations 1101 for the distribution functions and for the 
quark and gluon fragmentation with boundary conditions imposed 
by the quark counting rules 111/ 

2 2 F(x) = F (x, Q = Q 
0

) 

By representing a(p_. s) 

and using the identity 

2pT -nerr 
( 1 ) 

v s 1 

one can define n
8
rr by 

n err (x T • s) 

_ X -n err 
T 

PT -nerr 
in thP fnrm nf nfn c\_,.{ _____ \ 

•• 1 · Po 

Substituting into this formula the cross section (1), we get 

For the range xT 2: 2 we have 

4 

where a and b are numerical parameters '"hich can be estimated, 
It what follows we shall find their va1'!es solving the overde
termined algebraic system 

where 

-(n - 4) 
-4 ( . ) err cp p;p0 (4) 

by the method of Gauss-Newton autoregularized iteration proces
ses1121 (the COMPIL program in the JINR library of standard prog
rams for the tnc 6500 computer -C40I,F421). In this case the 
expression 

is minimized, where A is the measurement error of a 81P~ It 
been found that (4) describes vlell the data at x T > 0,2 and 
v·s:::40 GeV. If A =i\stat.t-A 8 Y 8 ~'A 8 yst.= aexpt/10, then 

"'"~ A 1 ui ~ .c~. ~~1;_.~ L.au ~c ::>t::eu iLuLu Lai.Jie L. ana r1g. 1;; ana 

Table 2 

I\ ? 0,2. 

K><pt, Number x<;j..(, Normalization 
,V= of Rftntn coeffi.ciente 

2 52.7 7 3.31/7 1,27:!: O.I2 
62.8 8 5.08/8 1.32 ± O.OII 

4 53.1 12 2.15/.2 I. II ±0.09 
62.1: 15 12.4 /15 0.95 ± 0.08 

5 53.2 .IJ 20,6/13 !.II ± 0.09 
45.1 I? 29.3/17 0,72 ± 0.08 

6 53.0 !4 12.2/14 0.94 ± 0.09 
63,0 12 13.3/!2 I.18 ± o.1o 

has 
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Fig.3a. Description 1151 of the differential cross sections 
of the elastic pp-scattering at v-s=10.0,and 52.8 GeV. 
The upper curve is the prediction for the behaviour 

da -of -(s, t) of the elastic pp scattering at v s = 540 GeV. 
dt 

The values of ~(s.t) 
at 

fnr P:1r>h ,.,,r,To fhnn.;,..,,..,.;,..,~ ..... .;+-h 
, .__,- -------o .. ----

) . . 
1 

(-n + 1) 
the upper one are mult~ppl~ed bv 0 , n = 1 ,2,3. 

Fig.3b. Prediction made in ref. 1 f 51 for the behaviour 
of the elastic pp-scattering at \/s 10, 52.8 and 

540 GeV. The values of ~(s, t) for each curve (begin
dt 

ning with the upper one) are multiplied by 10(-n + 1), n=1,2,3. 

Let us illustrate the aforesaid by a simple example. Let us 
consider the function 

-bm !n(J1 
p2 + £....) +-

f(p) = e-bmx m2 m 
- e -

1 
-

cJ~ p2 p )bm 
+ ~ +-;; 

8 

= 

0 

.) 

We evidently have 

e-bp at .£... << 1 ' m 
f(p) 

-bm 
..2. (.£...) at » 1 . 

m m 

/Hi/ 
Note, that in ref. it has been found that m = constR(s), 

where 

at (s) = 2rrR2 (s) . 

Thus, we shall consider 

a(pT. s) =a exp(-bmx(p, m) nerr (xT. s), 

n err (xT, s) = 4- 2 [ 2 - 2r ln2x + hd(n, X) + c lnx] /In (Q 2 / A 2 ), 
(6) 

where 

m = m 
0 

n /ln ( s/ A 2 ) • 

'T''hr. ,,,..,t,,....,t""\T'""" ~.:.:-.::::::::!::.:-:: ~=.::. '-V~..LUlU.L.II...-U UJ .::tVJ...V.LUt:, Lilt:! ~y::,LelU \.J) • 

It has been found that the solutions describing well the 
experimental data of table 1 -

187.2 
= 0.75 

256- 5 

are valid at* 

A = 0.05 GeV, 

mo= 2.95+0.06 GeV, 

b 0.96+0.02 Gev;1
, 

c 3.22+0.07 

a = 4.45+0.65 mb/GeV 2, 

Lhat is seen fron table 3 and figs,4-9, 

*See footnote in page 4. 
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Table 3 

s 
G6V 

Numher 
of polnts 

.{.I 

Normalization 
J,. ~.M • coefficients 

540 
§40 
540 

14 
4 
9 

52.7 23 
62.8 16 

53.0 II 
54.0 8 

53.1 Hi 
62.4 2I 

45.1 34 
53.2 33 

62.? 2? 

53.0 15 
63.0 15 

5,16/14 
3.32/4 
4.08/9 

23.7/23 
26.2/16 

8.8/II 
19.0/8 

6.3/16 
10.3/2! 

19.!/34 
18.0/33 

10.0/2? 

13.1/15 
19.0/15 

~'' fVIILICAt-<:1'-.1/ <.....,ot:...V*•L 
-,- . l T I 

540 GEV 

o PAP=PIO 

PAP=HAD 

PAP-P-+-AP 

0.95iO.O? 
o.42 :t o.r4 
1.82 :t 0.09 

0.87 1: 0.06 
0.99 :t o.o5 

0.90 ~ 0.08 
o.91 - o.1o 

I.O? $ 0.0? 
0.95- 0.06 

0.84 $ 0.05 
I.IO - 0,08 

1.30 :t O,o5 

0.95 ±. 0,07 
1.06 ±. 0,08 

'1 
•100._~ 

• 10.3 
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Fig.4. 
d 3u E-
dp3 

Description of the experimental data/11 for 

obtained by formula (6). The value of E d
3
u 

dp3 
for each curve (beginning with 
multiplied by lO(n-1), n = 1,2,3. 

the lower one) are 

, o--

10 

10 
5 

10 

10 
7 

10 
e 

10 

-10 
10 

o ·52.7 GEV •1 0. 

152.8 GEV •1. 

PP-PIO 

2 -- 4 ~ .s -~a- - 1'o ,_~.2_ -,4-~ 

HPT CERt~ ISR EXPT 2 PT GC:'-. 

. . . . 1 d 121 f F~g.S. Descr~pt~on of the exper~menta ata or 

d 3u E-- (pp _, " 0 X) obtained by formula (6). The values 
dp3 

of E d 3u for each curve (beginning with the lower 

one) ad.j: multiplied by lO(n-l) , n = 1,2. 

PT CERN ISR EXPT .3 

Fig.6. Description of the experimental data
131 

for 

E d 3u (pp _, pX), obtained by formula (6). The values 
dp3 3 

E d u (b . . . h h 1 ) of --
3 

for each curve eg~nn~ng w~t t e ower one 
dp 

are multiplied by lO(n-l) , n = 1,2. 
ll 

__________________________ .................. 
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Fig.7. Description 
3 

E d (}I OX) -- ,pp + TT ' 

of the experimental data 141 for 

obtained ny (6). The values of 
d~3 

ELq_ 
dp 3 

. . (n-1) 
for eacg curve are multlpl~ed by 10 , n~ 1,2. 
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Fig.8. Description of the experimental data 151 for 
d3u · E--(pp-+ rr0 X), obtained by (6). The values of 
d 3 
d~ (n-1) E--u- for each curve are multiplied by 10 , n"' 1,2,3. 
dp3 

~ 

O 0 ~~L,BA~N/0>~••2 1 :=: o 53.0 GEv •10 . 

• - 6 ~\~ o 6'0 GEV •1. i 0 E I . c PP-PIO 3 
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Fig.9. 
d 3u E-

Description of the experimental data 161 for 

obtained ny (6). The values of E d 
3 
u, 

curve are multiplied by lO(n-1), dp 3n~ 1,2. 
dp3 

for each 
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ApeHCKa c., Ma8POAHe8 c.~ .• CHcaK~H A.H. E2-83-587 
0 no8eAeHHH Ce4eHHH HHK~~3H8H~X aAPOHH~X npo~eCC08 
npH 6o~bWHX nepeAaHH~x HMny~bcax H 3HeprH~x CERN ISR v. SPS Collider 

B paMKax npa8H~ X8apKo8oro c4eTa aHoMa~bH~x pa3MepHocTeH A~~ HHK~~-
3H8H~x Ce4eHHH 8 8eAy~eM ~orapH~MH4eCKOM npH6~H*eHHH K8aHT080H XPOMOAHHa
MHKH no~y4eHo onHcaHHe 3KcnePHMeHTa~bH~x AaHH~x CERN ISR H SPS Collider 

d8u 2pT -
A~~ Ce4eHH~ E-- (AB .. CX) npH XT ~-= > 0.2 H v s > 40 r3Bo npH 3aMeHe 

dp 8 ve -
P .. mx = m In( ,It + P~ +.!!) 

T T ml m 

npH80A~~eH K 3KCnOHeH~Ha~bHOMY no8eAeHH~ Ce4eHHH C Ma~~MH pT, Ce4eHV.~ 
OnHC~8a~TC~ 80 8CeM 3KCnepHMeHTa~bHO AOCTynHOM HHTep8ane XT' 

Pa6oTa 8~no~HeHa 8 fla6opaTOPHH TeopeTv.4eCKOH ~H3HKV. OHHH. 

10A., 

Drenska S., Mavrodiev S.Cht., Sissakian A.N. E2-83-587 
On the Behaviour of Inclusive Hadron Cross Sections 
at Large Transferred Momenta and CERN ISR and SPS Collider Energies 

The CERN ISR and SPS 
3 

Coli ider experimental data for the Ell(AB .. CX) 
dp3 

and /s:::, 40 GeV have been described in cross section at xT "'
2
PT ::: 0.2 
vs 

the framework of quark counting rules of anomalous dimensions in the 
leading logarithmic approximation of quantum chromodynamics. A good 
description of the behaviour of the c~oss section in the whole ex~ 
rimentally possible interval is obtained under the change 

I p~ PT 
p T .. m x P = m ln( .J 1 + - + - ) 

T m2 m 

leading to the exponential behaviour of the cross section In the region of 
small Pr· 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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