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Hapywenue macmraGHOCTH B IyGOKOHEYNpPYrHX /eNTOH-AOpPOHHBIX
npoueccax u CTeNeHHOR 3aKOH B AAPOHHBIX CTO/KHOBEHHSX
npu Gosblupx PT

Marseen B.A., Cnenuenko JI.A., Tasxenunse A.H.

Paccmorpena cpa3n HapymeHHit GnepkeHOBCKOro ckefinuura B ray§oko-
HeYNpYTuX NenTOoH~aApOHHBIX NMpoleccax W XapakTepa CTENEeHHOro NnoseneHus
cedeHnli o6pal3oBalug anpoHOB NpH GONLMMX MONEpevHBIX KHMIyJbLCax.

B pamkax npenmofioxeHHst 0 KBaPKOBOR CTPYKTYPe adpOHOB nojlyueHa
aHaNMHTHYeCKasl 3aBUCHMOCTDL HHKIIO3IMBHBIX cedeHuil OT mapaMeTpos
HapyweHus B riy6okoHeynpyroil obiacru. AHalU3UDPYIOTCH YCIOBHH COrjla-
copahug HaGmonaemoft Q? ~3aBHCHMOCTH CTPYKTYpHBIX yHKUM{l anpoHos
B nopefeHnd MHKIIO3MBHBIX CedeHH, ONpeaellseMOro pa3MepPHBIM KBapPKOBBLIM
aHalli30M B pa3iIHYHBIX OGNAcCTAX H3IMEeHEeHHS Xqp, 0 -nepeMeHHbIX. ’

PaGora prinonsena B JlaGoparopun teoperuyecxoit duauku OUAU.
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Matveev V.A,, Slepchenko L.A., Tavkhelidze A.N. E2 . 11580

Scale Violations in Deep Inelastic Lepton-Hadron
Processes and the Power Law in Large P, Hadron
Collisions

Connection between violation of Bjorken scaling in deep
inelastic lepton scattering and power law behavidur in hadronic
high Pt processes is considered. In the framework of quark-parton
model an analytic expression of inclusive cross section in terms
of the scale breaking parameters is obtained. The consistency
conditions of the scaling deviations and the power behaviour of
hadronic cross sections diven by the quark counting rules are
analyzed in different regions of 6 -variables.

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

As is known, the dimensional quark counting (DQC)
gives the following asymptotics of the exclusive binary
processes and e.m. form factors’1/:

. —(np+ngHny+n 2 ~nptl
g—:-(AB»CD)~ s ARt )-f(r/s):FA(t)~|t! . @1.1)
—np,0p,..., are the minimal number of valence constituents
of the hadrons A,B,...

Derivation of the corresponding quark counting rules
for the high P, inclusive particle spectra is related to
consideration of some additional assumptions about the
origin of hadronic constituents and dynamical mechanisms
of their interaction.

Assuming the validity of DQC, the inclusive cross sec-
tion for large P, production has the following form’2~%

3 ~N(A'B’CD’)

Eds/d"p(AB»C+X) = Z Py f(xT,G), 1.2)

A’BC’D’
where according to eq. (1.1) exponent N(A’'B'C'D’) depends
on the number of hadron constituents taking part in the
large angle exclusive scattering. When A’B‘C’D’ are
quark states DQC gives P/" law in accordance with par-
ton model result’®®/. In the case when A’B’C’Y  permit
the existence of states with hadronic qyuantum numbers,
DQC leads to the values Nx8, ref. /3.7 Thus, the dyna-
mical assumptions play the crucial role in deriving the
power laws for the cross sections at large transverse
momenta.



It is well known that due to the hadron structure the
effective hadronic interaction is not a local one. This
leads to the difference in the description of deep inelas-
tic lepton-hadron and hadron-hadron processes. As was
shown in ref./B", however, in the asymptotic regime of
large s and t(Q%) the hadron-hadron interaction can be
effectively local and inclusive cross sections can be ex-
pressed in terms of the hadron structure functions Fy; (x),
similar to those observed in deep inelastic lepton proces-
ses, i.e., F(x)~F,x)=vW,(x) and

Edo /a3 p(AB>C +X)= 7_17_ S P xQF,5.9%)x

min
P, 1.3
<39 (3 1)2-1p, (@7 ) B (1-3)
dt Xy
where

Z=Xy/X +X5/y , X4 =—u/S =—X ,1/2 ctgd/2, xzz—t/s z—xT/2tg0,’2

; 2 2
xT=2PT /s, s =P°x X, Q =‘2X/XTZ'PT'

Therefore, if the origin of the high Py hadrons is .the'
hard scattering of quarks and Bjorken scale breaklng}s
defined in a satisfactory way* (one can extract th/1s1' y
information from deep inelastic lepton experiments ),
the observed experimental results on high transvgrse
momentum scattering can be explained as a certain scree-
ning of the canonical P'.IT4 quark behaviour. See, Pgrh-
cularly refs.”/14-2%/. Notice, that in this case PT/St;?l/la-
viour does not play a role of the fundamental law "°-

: . 71/ .
like as it was discussed in CIM' . Moreover, going .
beyond F.F. assumptions, the power law exponent N is

---;-A-;;;l;!;n—é —f(-);-t;le scaling v.iol%iol% Fy (x,Qz) can be
obtained within AF gauge theories’”-10/.

4

not necessarily 8 for meson, and 12* for baryon
production, but depends crucially’?2/"on the experimen-
tal conditions, i.e., on the regions of the measured P (x,.)
and 6 -range and on the corresponding nonscaling re-
gions in Q% +XBj -variables. Furthermore, nonscaling
behaviour in lepton processes is enhanced in going to the
hadron higzh Pp scattering. Taking into account the con-
nection @~ P2, a proper defining of the leading con-
tributions in inrfegral (3) is of great importance. We
stress this point in connection with some nonphysical
extrapolations made in refs./14:15/ ’

The present article is organized as follows. In Sec. 2
we derive some analytical expressions for the high Pr -
hadron production cross section in terms of the scale
breaking parameters. In.Secs. 3 and 4 we give a brief
discussion of some asymptotic results in different re-
gions of xp. The detailed analysis of the x,_,, 6 -depen-
dence of exponent N-4= c(x,_,0), as well as asymptotic
predictions will be published elsewhere.

2. Assuming the validity of equation (1.3), suppdse

' that the main dynamical mechanism leading to the high

P¢ hadrons is the hard constituent elastic scattering.

In this case, most‘general form of the quark cross sec-

tion is
- —
-g-o—(ab»cd)zcoai -5 f(x) X, ) =

dt
‘ _ —4 N-o4¢ N-0g
=gq? /yz) -
~ac P (xl/xz) (x2 yz)

(2.1)

Inserting (2.1) into (1.3) and making the suitable change
of variables, we get:

* Note, that this number has a meaning only in consti-
tuen}zgrl/terchange model’ 2/, see in this connection -
ref. .



P = — - =
> ( T,XT,G)_Edsp(AB C)

—41—)!2 1—’21
PT [ dzy [ dz
*1 X2

Caaég 1—01 z1—0’2
1 %2 X

zZ

P 2

2
2x.P ‘ 2

xF (21, X171 R Xo _RXPpr

21 oxpz (2 z,) Bozy o x2,(2 +2,)

—T 3z, 42)7) ‘
¢t 2’x121(zlrzz) 1t - S (2.2)

We shall use the following parametrization for the quark
distribution and decay functions

2 2 2,02
F‘H(x,AQ )=FH(x,QO).®H(Q,/QO,x),H=A,B
2 2 2 2
DC(z,,Q )=Dg (z QO).(I)C(Q /Q0 2 ), (2.3.)

where the functions d ¢ are specified by the scaling
deviations in deep inelastic lepton scattering and

2 b H T
F‘H(leO)chx (1-x ) , »HzA,,_B
‘ 2 aq_,\C - 2.4
D, (2,85 =d g7 (1-2) h =a,B ( ,)
satisfying the sum rules ‘
-1 1F Q2 -1 ! 2. 5
cﬂzg H(x, 0)dx, dC’({DC(Z’QO)dZ' : (2.5)

Then, the invariant cross section (2.2) can be repre-
sented in the form

AB-C

_ —4 a, B
p (PT,xT,f9)-~CPT ;(PT.xT,G)xlxz,

=2
C as/chCAchC

1-x 1-2z
2 1 1-04-a 1-05
I(P = , R A
(Pp.x.0) Xf Az, [ dzpz, g, (z,-x)" x
. 1 Xy -

?(zlzz),
(2.6)

and thg4function ?(Q,zz 1.2g) defines the screening of
the P1” law due to the nonscaling behaviour of F‘(x,-Qz) ,
D(z, Q%). We have:

x (29— %, )B(l—zl—zz)c(z 7))

a2 2, 2
P(Q¥Q2,5,,5,) -0 (— /%0 Zayg ¢ 2, 1p/9, 22
XTZ 1(Z1 +22) zl XTZ l(zl+22) 2
2,2 . :
2x,P./Q
xgo (—T—L 2 4z,),  P(.z,2,)=1. 2.7)

C
xTzl(zl+z 2)
Hence, shifting the variables

z =X, +(1—x)yi , i=1,2

_ . (2.8)
X =X, + x2=xT/s1n6 =Xy A
from eqgs. (2.6) and (2.7), we obtain ,
. :
AB-C ~4,, =.A+B+C+2 _a  [B3;AB~C
p - (P X, 0)=C P, (1—‘x) X %4 J (PT,xT,e)

o1 - : e o€ D
JAB ¢/ ay, | %2 y;; g B (1-y, yE) [X+(1-%)(yq +yo)] y
0 @+ 1K)y x,+(1-%)y,) B

0
C1=A+a+o'1 -1, $=B+,3+02—1, D=xojy+o,+y-1.

In the framework of the assumptions made equations
(2.8) and (2.9) define the relation between the high P,

hadron inclusive cross section and scaling violations in



deep inelastic lepton scattering. Integral j AB~C de-
pends parametrically on the external variables x.,6 ,
and, as will be discussed below, can be reduced for the
physically interesting cases of small and threshold va-
lues of x . '
T

3. We proceed now with the consideration of some
limiting forms of the 2(X) in the regions of X -va-
riable where eqs. (2.8-9) permit the analytical calcula-
tions. ‘

Note, that the P, -dependence of the ‘J“(C),'gyly.2 )
function can be represented in the following way:

~1(X,y,¥9) M
2 (p2 1 ;
§@Cy,wy) - (PD) SEMER I

<12 i
X, X,—(1-%)"y, ¥, by ”

f(i,y1y2)=_f(1+ " 52 . 7
x1x2-+-( —X)(x1y2+x2y1) +(1-x)%y vy, :

X+ (l—f)(y1 +y2)). (3.2)
‘:}
A. Weak Screening X - 0) ’ t
. This limit corresponds to the small x(x) range and o
is specified as approach to some boundary quark trans- \[ '

verse momenta PT > P:P|= at the infinite energies
VS - *. In this case eqs. (2.8-9) and (3.1-2) give \

AB->C -4(1+ ' .
3 (PT,X»0)=CO P (1+€) ) 3.3)

i

0

where
EO =1/2f(0’71—+y2)7

*Compare the discussion of the energy-angular con- o
straints for je}zg;oduction in the subsequent section g
(see also ref. ).

8 ’ -
N

i.e., are defined by the scale breaking effects at the
or_igin and correspond to the small deviations from the
P2 behaviour. :

e

B. Strong Screening (X »>Xy, )

In this limit characterized by the threshold region of
X o=sinf variable or xp -1 (neglecting the masses),
anomalous Pp-dependence from nonscaling effects can
provide maximal deviation from the canonical value N=4,
seen now in the available FNAL-ISR range, i.e.,

AB>s C -
3, (P, . »1)=c, P

—(4+£1)
T

(3.4)
e, =2(@.1).

Thus, eq. (3.4) corresponds to an increase in power ex-
ponent N—-4 = ¢4 . Generally speaking, the nonscaling
behaviour of the quark distributions ( and decay) func-~
tions*,  which define the precise form of the (3.3) and
(3.4) limits could be obtained within AF gauge theories
as the effect of different gluon corrections. In the frame-
work of QCD, ho’wever, there is no selfconsistent method
for the perturbative calculations of higher orders, and
we restrict ourselves to the phenomenological ansatz.
Particularly, for the sake of simplicity, we use a para-
metrization ' ‘
N 2 2 2 2 ,~2 = fg(®)
uW2 (le )=F2(x,Q )=FH(x,,Q0)(Q /Q%) ,H=A,B

f(x)=a+bx, f

o=z, 2a=-025, b=10, c-05. (3.5)

*We do not consider here high quark kr-effects
which could give rise to some enhancement in our consi-
deration. See refs./26.27/,



This pattern of empirical scale

breaking contradicts,

however, to the AF predictions of logarithmic Q2-de-
pendenqe of the vwz(}() moments, but is still applicable
(numerically) as a quide to the recent deep inelastic

gxperimental data. These
In principle, can play

the right asymptotic

Thus, for the two

a role

power behaved breaking terms,
of transient phenomena, and

region can be consider
change of regime (Q%)~2., (InQ@2)-a e as the

_ ! simple cases considered we ob-
tain the following P.-behaviour of single particle dis-

tributions*
ABarr —4(1+€g) Do
A. ° '
20 = COPT » 60-!3, +3/8¢ ;r2d4[.]8t10n
ABsp ~4(1+¢g) (3.6)
20 = cOPT , €5=3+3/8b ‘baryon
production
N=4,5
and (3.‘7)
ABo7 ~(4+e4)
B. I - 1 ' :
1 01 PT o€y =4 (a+bsc/2) " meson
production
N = 8.0
. ABsp . P—(4+61' ) ) (3.8)
1 =e P, €’[=4a+6b baryon
; production
N=9.0"
(3.9)
respectively.

type of QCD Born graph contributions to the do/ dt and
F(x,Q% the latter are fully calculable quantities.

4. Now we would like to discuss briefly a very inte-
resting connection between our results and the general
asymptotic bounds on high-energy inclusive spectra which
follow 558%‘ analytic considerations of quantum field
theory " More precisely, we shall consider the
low energetic particle production, i.e., the limit x50,
via the hard constituent scattering mechanism. As we
have .seen above, the corresponding cross section takes

the form -
3 o4
(Edo/d p)jet ~ PT < (x=0). (4.1)

This means that all the dimensional factors which deter-
mine the behaviour of quark-parton distribution func-

" tions, etc., with all nonscaling effects cancel somehow

in that low-energy region. One can guess that this is not
an accident but the fundamental fact which does not de-
pend significantly on the details of dynamical models.
Bearing this in mind, we compare eq. (4.1) with the
low-energy theorem in the theory of inclusive reac-
tions 731/. This theorem derived by A.A.Logunov and
M.A.Mestvirish¥ili on the general grounds of analytic
properties of multiparticle scattering amplitudes, says -

that —
X\/s/zd .

lim | - dk
x>0 0 dk

e 2
<2 log*s ..
c= § O °

@z

The numerical constants c i
he n 0,1 contain the infor i
apout spin (angular) dependence of the quark crossn:zt(:?n
tions, as wgll as the precise threshold behaviour of
quark distribution (decay) functions. For the concrete

.- -
e - - —— -

. Note, that we do not consj ' : '
ticle production mechanisml.lSlder here the leadmg par--

10

To compare eq. (4.2) with our result, we have to in-
tegrate eq. (4.1) up to some lowest value (P%) .~ which is
determined by the requirement that the effective region
of quark k-distribution in the initial hadrons will not be
overlaped and by proper treatment of the jet production
(cf. ref.”?%4. The QCD calculations give as estimation/32/
(P 2 gop=a VQ% ~a vs
ag = g§/4 n - the running coupling constant of strong in-
teractions.



Thus, we have

: do 1, f(x=0)
13 = (2
;I-T:O( dx )jet 8 ( a‘g )

(4.3)

what is consistent with the low-energy theorem in the
form (4.2).

SOME CONCLUDING REMARKS

.1). As was previously mentioned, the case of the weak
screening (3.6-7) and the corresponding eq. (4.3) should
be valid at rather high energies of colliding hadrons and
fixed final Pp> Pf ~ 152 GeV/c, i.e., x;» 0. This in-
terval of the transverse momenta could be associated
with the passing to the high P, regime in production
cross sections. This phenomenon is already seen in cos-
mic ray data’33/ and has support in the available accele-
rator energy range. FFor instance, there is some evidence
from data‘analysis on the basis of radial scaling/34/ at
xp» 0 and world data analysis “**/. A similar transi-
tion region manifests itself also in the fixed angle elastic
cross section’3%/ at the small |t| values (corresp.P* -
~1.7 GeV/c) in accordance with the (3.6-7) limit and the
exclusive-inclusive connection’35”.

ii) In the case of the medium x ; range, averaging
between the strong and weak screening limits provides
the resulting values of power law exponent N which are
less than 8 for meson, and 10 for baryon productions,
respectively. It should be noted that the results of the

world data analysis support the absence of the stable va-
lues N=8(12) for =,K (p¥)-production cross sections.
Besides, some evidence of the decreasing character of
exponent N comes from ISR experiments /23.24/ and pre-
liminary data of CCHK, CCOR, CSZ groups’/37-38/  where
N=6.3 for mesons. '

iii) We should like to emphasize that the weak dec-
rease in N(#) dependence for the small values of produc-

12

tion angle 6 in sense of (3.1-2)*  does not contradict
to the high P experimental data 7*#:**/ and is in ac-
cordance with the corresponding elastic scattering data
showing the smaller values of Ng,.; (do/dt~s™" excl.p)
for smaller fixed angles /
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REFERENCES

1. Matveev V.A., Muradyan R.M., Tavkhelidze A.N.
Lett. Nuovo Cim., 1973, 7, p.719.
Brodsky S., Farrar G. Phys. Rev.Lett., 1973, 31,
.1153.
jI)Brodsley S., Blankenbecler R. Phys.Rev., 1974,
D10, p.2973. Gunion J. Phys.Rev., 1974, D10, p.242.
Field R.D., Feynman R.P. Phys.Rev., 1977, D15,
.2590.
ﬁ’vinilehidze A.N. et al. Particles and Nucleus,
Atomizdat M., 1977, vol.8, No. 3, p.478.
Berman S., Bjorken J., Kogut J. Phys.Rev., 1971.
D4, p.3388.
EllispS., Kislinger M. Phys.Rev., 1974, D9, p.2097.
Sivers D., Brodsky S., Blankenbecler R. Phys.Rep.,
1076, 23C, p. .
Logunov A.ﬁ., Mestvirishvili M.A., Petrov V.A.
Preprint IHEP, STF-76-66, Serpukhov, 1974.
Gross D. Phys.Rev.Lett., 1974, 32, p.1071.
Gross D., Wilczek F. Phys.Rev., 1974, D9, p.980.
Politzer H.D. Phys.Rep., 1974, 14C, p.129.
Georgi H., Politzer H.D. Phys.Reuv., 1974, D9,
p.416; Phys.Rev., 1976, D14, p.1 829. _
11. Perkins D.H. Topics in Lepton-Hadron Interactions.
ANL-HEP-PR-76-54, Argonne, 1976.
Hand L.N. Proc. of Int. Symp. on Lepton and Photon
Interactions of High Energies, Hamburg, 1977,p.417.

© ® N® 9 K b

~
©

@ . -

* i . is Nett could
Note, that the effective power analysis
mix all these effects, and the corresponding results

/7,17/
can be considered only in the sense of average values g

13



12.
13.

14.
15.
16.
17.
18.
19.
20.
21.

22.

23.

24.
25.

26.

27.

28.

29.
30.
31.

32.
33.

14

Fox G.C. Nucl.Phys., 1977, B131, }.107.

Della Negra M. et al. Preprint CERN/EP/PHYS.,
77-10, Geneva, 1977. : :
Hwa R.C., Spiessbach A.J., Teper M.J. Phys.Rev.
Lett., 1976‘ 36, p.1418; Umv Oregon preprint
OITS-76‘ Oregon, 1977.

Cahalan R.F. et al. Phys.Rev., 1975, D11, p. 1199.
Contogouris A.P., Gaskell R. Nucl. Phys 1977,
B126, p.157.

Duke D. Phys.Rev., 1977, D16 p 1375.

Baier R. et al. Nucl Phys 1977 B118, p.139. A
Cutler R., Sivers D..Phys. Rev 1977 D16 p.679.
Field R.D. CALT-68- 633, Calzfomza, 1977. '
Field R.D., Feynman R.P., Fox G.C. Nucl.Phys.,
1977, B128, p.1.

Amaglobelz N.S. et al. Contribution to the IXI Int
Conf. on High Energy Phys. Tokyo, 1978 .

Amaglobeli N.S. et al. JINR, E2-11581, Dubna, 1978.

Alper B. et al. Nucl.Phys., 1975, B100, p.237.

Ranft J., Ranft G. Preprznt KMU HEP 7706 Lezpzzg,
1977.

Eggert K. et al. Nucl.Phys., 1975, B98, p.49.

-Sterman G., Weinberg S. Phys.Rev.Lett., 1977, 39,

p. 1436.

Kinoshita K. et al. Phys.Lett., 1977, 68B, p.355; .
Konoshita K. Preprint KYUSHU-77-HE-12, 1977,
Ranft J., Ranft G. Preprint CERN TH. 2363, Gevena,
1977.

Hwa R.C., Matsuda S., Rovberts R.G. Preprznr
CERN TH. 2456, Geneva 1978.

Matsuda S. Phys Lett., 1973 43B, p.292; Rutherford
Lab. Preprint RL-77- 068/A 1977.

Close F.E., Halzen F., Scott D.M. Phys.Lelt.,

1977, 68B, p.447.

CutlerR Sivers D. Preprmt ANL-HEP-77-06,
Argonne, 1977

Perkins D., Schreiner P., Scott W. Phys.Lett.,
1977, B67, p.347.

Logunov A.A., Mestvirishvili M.A. Preprinr CERN
TH. 1707, Geneva, 1973.

Logunov A A., Mestvirishvili M.A. Preprint IHEP

STF 71-78, Serpukhov 1971.

Logunov A.A. et al. Phys.Lett., 1971, 37B, p.525.

Politzer H.D. Phys.Lett., 1977, 70B, ».430.
Matano T. et al. Proc. of the 14th Int Cosmzc Ray
Conf., Munich, 1975, 12, p.4664.

Murakz J. etal. Report CRL-59-78-3, Tokyo, 1978.

34.
35.

36.
37.

38.
39.

Taylor F. et al. Phys.Rev., 1976, D14, p.1217.
Landshoff P.V., Polkinghorne T.C. Phys.Lett.,

1973, 44B, p.293.

Bjorken J., Kogut J. Phys.Rev., 1973, D8, p.1371.
Della Negra M. Rapporteur Talk at the Budapest
Conference on High Energy Physics, Budapest, 1977.
Large P, Phenomena, ISR WORKSHOP/Z 7ed. by
Jacob M., Geneva, 1977.

Jenkins K. et al. Phys Rev.Lett., 1978, 40, p.425.

Received by Publishing Department
on May 18 1978.

15



