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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’/1"8/
on measurement of the cross sections*

ds
E-—: (AB > CX)|,_ o
dp

at the CERN ISR and SPS Collider are collected in table 1.

Table 1
Expt. [Process V:I Pmin Prax Xrmm Kenny Number of
N AB-CX GeV Gel points
Ia pp -wre 540 I.5I 4,42 0.0056 0.0I60 .14
IB PP—>T° 540 4,20 1I.60 0.0I60 0.0430 4

(o]

Io ppg_%p_ 540 0.55 1I1.35 0.0020 0.0050

2 pp-»m¢ 52,7 3.05 II,00 O0.II0 0.4200 23
_iDp-»> T 62.8 3,05 I3.50 0,097 0.43 16

3 pp-p 53.0 I.00 4.70 0.038 0.180 II
PP p 63.0 I.00 2.30 0,032 0.073 8

4 pp—-mwe 53,1 371 12,70 0.I4 0.48 16
PP— ¢ 62,4 3,72 I13.70 0,12 ~ 0.44 21

5 pp—me 451 1.08 8,02 0,088 0.36 34
" pp—mr¢ 53,2 I1.28 7.8I 0.048 0.29 33
- pp—>re 62,7 1.08 6,42 0,034 0.2 27
6 pp—>mT¢ 53,0 5,25 14,30 0.20 0,50 15
pp--ye 63.0 5.25 14.60 0.I7 0.46 15
45.I<V52540 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 ano-
malous dimensions in QCD /7,8/

The inclusive cross section of hadron production with large
Py in the hard collision’? has the form

*A,B.C are hadrons.
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1
ELZ@B.CX) = I [ d, [.deF
dp3 a,b,¢  min

P a

2 ~
x 'Fb/B(xb) I dxc Dc/C(xc)/xc s/m x
-~ ~ -~ do
8 (s +t + 1) (=
x8(s +t+ )(dt )
where (-g—:—) is the cross section of elementary parton subpro-
a

cesses a,b=q, q, G F/A(xa)is the distribution function

of partons a (b) in the hadron A(B) with momentum X, b=
2[) a,b . ESPN ~ .

= ~~——~-, The variables s, t and u are related with the Man-
Vs

delstam variables
2

S = (pA + pc) ’

t

"

2
Py =-pg)

u

]

(g -Pc)z ’

in the following way in the

case of jet production have the
form

~
8 Zx,x,s,

~ ~

t = x,t/z,

u T xyu/z.

where
Xy X2 t u
Z = = —, X T o=y X2 = -
Xa xb 8 S
and
min Xy min XXy
x, v Xy = e
1 —X2 X —xl

By using the quark countlng rules the asymptot1c formulae
have been calculated '®/, for the cross sections in the leading
logarithmic approx1mat10n of QCD at 1arge Xy, and 6 = 90°
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% 2g 2 (1 "1 ot lngx + hd
B8 aB.cxy|  —(o2y (L=B __oRbErmen )
0=90° p% - 1) 8

dp 3

where ¢ = 12r , n is the number of quark fla-
® (83-2n,) In(Q 2/A%) 18
vours, A is the quantumchromodynamic scale, r =

33 ~2n,

and h

is the number of hadrons.
The function d(n,X) is

-3 Lodema-0,

Ik SN
d(n, x) = r[4 +n(n+1) 2T

wice of the number of noninteracting quarks

where n is the t
is the number of quarks in the hadron i ).

-n=212(nl-1) (n,
7,8/ uses essentially the solutions of the evo-
lution equations“o/ for the distribution functions and for the
quark and gluon fragmentation with boundary conditions imposed
by the quark counting rules /11

The approach’

F(v =F@& @%=@%).

a® Py “Pett
\ (4 . T, °
By representing o(pT, s) = E'ép—s' in the form of o (Py. 8 )=c(—)

Po

and using the identity

2pp, “Meft opg Teff _
() = (—2) =x, "
\/51 \/52

one can define n,, by

gy (Xp.8) = lim Info(x, 81)/o(x, 82)]
off T* = )

857878 m(sg/sl)

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

Do (Xpo8) =4 - 2[2 - 2r ln2xT+hd(n.xT)] 1n(Q2/A2 ) .
For the range X, 2 Wwe have

1
Doy (8qe8) = 4 - 202 - 2rlo2x, hd(nxg+ a lnkye bl 1n(Q%/A%)



where a and b are numerical parameters which can be estimated.
It what follows we shall find their values solving the overde-
termined algebraic system

aexpt(xi,sj) -_-om(xi,sj,A). 35
where
- =g =4
ath (xi 'sj +A) =cp 4(p/[)o) off ’ (4)

by the method of Gauss-Newton autoregularized iteration proces-
ses’12/ (the COMPIL program in the JINR library of standard prog-
rams for the tDC 6500 computer -C401,F421). In this case the

expression

(oexpt _ ath )2

x® ==
i A2

is minimized, where A is the measurement error of ¢°™! It has
been found that (4) describes well the data at xq> 0,2 and
VS>40 GeV. If- A =ASBE, ABYERASYSL_ j€XPl/ 40, then

x ?/DF= 1,04. This can be seen from table 2 and fig.l, and

Table 2
r2 a2
Expt. Humber X 2//“ Normalization
A/t' of R,fint" ) ¢ coefficients
1

2 52.7 7 8.34/7 1.27 ¥o0.12

62.8 8 5.08/8 1.32 + 0,011
4 53.1 I2 2.15/2 I.II +0.09

62.L I5 12.4 /15 0.95 + 0,08
5 63.2 I3 20.6/13 I.II + 0.09

45.1 17 29.3/17 0.72 + 0,08
6 53.0 I4 12.2/14 0.%4 + 0.09

63.0 I2 13.3/12 I.18 &+ 0,10
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Fig.l. Description of the experimental data

/508/ for
a3
E—-a-a—(pp »7%) obtained by formula (4) at x,2 0.2
dp 3
and vs=45.1, 53.2, 62.7 GeV, The values of L% for

dp3
each curve (be%inning with the lower one) are multi-
plied by 100=1), n =123,

akp.l..s) has the form

o(p.8) = D—.: (PT/I'GeV).(%“ -4).
where a2 = 11,8+0.4, b = 30.340.4, A = 0.05 GeV*, and
o 5
- 1’-4p%/s 1- ng

Thus, it is shown that in the leading logarithmic approxima-
tion of QCD, the quark counting rules of anomalous dimensi-
ons /7:8/ enable the description of the experimental data at
Xp >0.2 and Vs > 40 GeV.

Q2

* The values of A in the internal 0.001 ¢ 0,05 GeV provide
a good description of the experimental data, that is natu-
ral for the leading logarithmic approximation of QCD; at A =
= 0.05 the correlation dependences between the unknown para-
meters are minimal.

6



To describe the data at all experimentally available x,. (in
particular, Xy at the SPS Collider energy), we use a modified
formula (4) derived by changing the variable Py by the ra-
pidity Xp» Where

2
p p
Xpy= In(v/1 + ——:-‘ + -n-]:r-) ‘ (5)

m

Here m has the meaning of the scale defining the boundary re-
gion of the transition of the differential cross section from
the exponential to power regime.

This rule originated in certain consequences of quantum field
theory with the momentum space of constant curvature’!3/ It has
been shown in paper/!4/ that it has a simple group-theoretical
basis related with the harmonic analysis on the group of motion

of the upper flap of the hyperboloid pf -P2=m?, py =y m2+ p?

(harmonic analysis on the Lorentz group) In papers /15/this rule

has been used for constructing the elastic scatterlng ampli-

tude which is in agreement with the measured values aPP Vs =
PP"PP

= 540 GeV) and the behaviour of ————( /s = 640 GeV)(see

figs.2 and 3). de

SIPTOT(SQ) MILIBARN
RO --- CLEEEL L L

L a2 aaal n " P PO

30 + 2
10 pp,arp sicTo?@aQ) sQ Gu.

Fig.2. Experimental data for the total cross sections
of pp, pp-interactions at \/s >10 GeV and their descrip-
tion obtained in/15/.
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Fig.3a. Description/”’/ of the differential cross sections
of the elastic pp -scattering at v s =10.0,and 52.8 GeV.

The upper curve is

of %%—(s. t) of the elastic pp scattering at Vs =

The values of

the upper one) are multipplied by 10

the prediction for the behaviour

540 GeV.

%‘:—(S.t) for each curve (beginning with

—n+1
cntd 1,2,3.

Fig.3b. Prediction made in ref./1% for the behaviour

of the elastic pp-scattering at Vs =

10, 52.8 and

540 GeV. The values of %gt-(s,t) for each curve (begin-—

ning with the upper one) are multiplied by 106m+ 1), n=1,2,3.

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

consider the function

tp) =X = e

1

n

)
- N B Ul I
bm In(y/1 + o3 + = )

; p? P .bm )
1 —_—
( +—m'§+m)



We evidently have

e P at £ «1,
m
f =
® —bm .
A at & > 1.
m m

. /18/ .
Note, that in ref. it has been found that m = constR(s),
where

o, () = 2R () .
Thus, we shall consider

o(pp, 8) =aexpl-bmx (P, m) Doy (Xps8) o
(6)

ngp (Xp.8)= 4-2(2 - 2r1n2x + hd(n, x) + ¢ Inx] ./ln(Qz//\2),

where

m = mon/ln (s/A%) .

The unknown parameters are estimated by solving the system (3).
It has been found that the solutions describing well the

experimental data of table 1 -

= 0.76

2/DF - 187.2
X! 266 5
are valid at”

A = 0.05 GeV,

mg = 2.95+0.06 GeV,

b = 0.96+0.02 Gev;l,
¢ = 3,2240.07
a = 4.45+0.65 mb/GeV %,

that is seen fron table 3 and figs.4-9.

*Gee footnote in page 4.



Table 3

Expt. e Number " Normalization
A GeV  of points X V2T coefficients
Ay
1a 540 14 5.16/14 0.95%0,07
I ' 840 4 3.32/4 0.42 £ 0.14
Ic 540 9 4.08/9 1.82 £ 0.09
2 52.7 23 23.7/23 0.87 £ 0.06
62.8 16 26.2/16 0.99 £ 0.05
3 53.0 I 8.8/11 0.90 % 0.08
54.0 8 19.0/8 0.9I - 0.I0
4 53.1 16 6.3/16 I.ov% o.o7_
62.4 21 '10.3/21 0.95 - 0.06
5 5.1 34 19.1/34 0.84 % 0.05
53,2 33 18.0/33 1,10 ~ 0.08
62.7 27 10.0/27 1.30 £ 0,05
6 53.0 IS 13.1/15 0.95 + 0,07
63.0 I5 19.0/15 1.06 + 0.08
EDSIC/DOP MILIBARN/GEVees2 -~
'o 540 GEV
. o PAP=PIO -100. A
=] PAP=HAD =10,
107" a PAP=P+AP -1,
1072
1 0—3 3
1 0—4 §
—5 A ) —1
10 8 10 13
CERN SPS COLL.EXPT 1 PT GEV

Fig.4, Description of the experimental data’Y for

dsﬂ . dsa
EE—; obtained by formula (6). The value of E—5

p d
for each curve (beginning with the lower one) arep

multiplied by 10®71) 51,23,
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Fig.5. Description of the experimental data 2/ for

3
Ei% (pp » 7°X) obtained by formula (6). The values
dp
3
Of E d g

3
one) aflx?e multiplied by 10D, n=1,2.

for each curve (beginning with the lower
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Fig.6. Description of the experimental data for

E d3g (op » pX), obtained by formula (6). The values
d

8

of E%;—g— for each curve (beginning with the lower one)

are multiplied by 10®=1 , n=1,2.
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3
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fApencka C., Maspogues C.U., Cucawsn A.H. £2-83-587
0 noseaeHuu ceueHWit UHKNIDIUBHBIX A4POHHBIX NPOLECCOB
npu Gonbumx nepefaHHsx umnynbcax M 3Hepruax CERN ISR u SPS Collider

B paMkax npasun xBapKoBOro CUETa aHOMaNbHHX pPa3MepHOCTEN 8NA UHKO=
3MBHHX CEUeHWH B BEAYWEM NOrapMOMMUECKOM MPUBNMKEHUM KBAHTOBON XPOMOAMHA-
MWUKU NONYYEHO OnMCaHMe 3IKcnepuMmeHTanbHuix gaHHeix CERN ISR u SPS Collider

3 _—
ANA ceueHnn EE—:—(AB-. CX) new x. = -:_"l> 02 3 >40 I'aB. fpn samene

dp Ve
2
P P
- m =mln(/1 + =L + 2T
pT XT +m3 m

npnaonnmeﬁ K JKCMOHeHUManbHOMY MOBEAEHUID CEUYEHWH C MaNbiMu pT,CequHH

ONUCHIBANTCA BO BCEM IKCNEPUMEHTANbHO AOCCTYNHOM HUHTepBane XT.

PaGoTta sunonHena 8 JlaBopaTopuu TeopeTuueckoi duamku OMAU.

NMpernpuHT 06BeaMHEHHOrO MHCTUTYTA AREpHBX wccnegosawuin. lly6Ha 1983

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

3
The CERN ISR and SPS Collider experimental data for the Eng(AB -+ CX)
dp

cross section at x E_2p__.r >02 and \/-;Z Lo Gev have been described in
Vs

the framework of gquark counting rules of anomalous dimensions in the

leading logarithmic approximation of quantum chromodynamics. A good

description of the behaviour of the cross section in the whole exp

rimentally possible interval is obtained under the change

£
‘ P Pq
=mla(yf1 + — + —
Pr *mxpT m 1n( + m2+ - )

leading to the exponential behaviour of the cross section in the region of
small p..
T

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



21 kom.

Maxker H.A.Kucenesoii.
Habop B.C.PymaHuesoit, E.M.['pamenuuxoii.
Noanucano B nevats 19.08.83.
dopmat 60x90/16. OdceTHan ReuaTe. Yu.-u3a.nmcToB

Tupax 560. 3axas 33325,

Kagatensckuit oTgen 06beAuHEHHOTO MHCTUTYTaE RAEPHLIX KCCNEeNoBaHUNA .,
flybna Mockoecxoi obnactu.,

1,37.



	title.pdf
	p02.pdf
	p03.pdf
	p04.pdf
	p05.pdf
	p06.pdf
	p07.pdf
	p08.pdf
	p09.pdf
	p10.pdf
	p11.pdf
	p12.pdf
	p13.pdf
	p14.pdf
	title1.pdf
	title2.pdf

