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INTRODUCTION

The problem of grounding the principles of Quantum Chromody-
namics (QCD) in hard processes has recently occupied an impor-
tant place in elementary particle physics. Remarkable progress
has been achieved in studying the problem. Up to now series ex-—
perimental data have been collected on lepton—nucleon weak and
electromagnetic processes, large angle hadron-hadron scatter-
ing, inclusive production of hadrons with large transverse mo-
menta, processes of e'e” -annihilation into hadrons, production
of magsive lepton pairs. The theoretical study of the above-men-
tioned problem has been successful also. For instance, calcula-
tions of the known physical values, taking into consideration
higher orders of the perturbation theory QCD have been done, new
QCD effects have been predicted and calculated. All this has
allowed a comprehensive comparison of the predictions of the
theory with the experimental data. In general a good agreement
between QCD and experimental data has been obtained. However,
certain difficulties have arisen. Some of them are caused by
the fact that QCD predictions are related to the values which
cannot be experimentally measured or require additional experi-
mental information to verify them. Q% -evolution of quark and
gluon distribution functions is one of these predictions. As
is known, QCD provides, in principle, two equivalent definitions
of this prediction: as a system of Lipatov-Altarelli-Parisi
(LAP) /1 integro-differential equations of the evolution for
distribution functions, or as a system of algebraic equations
of the evolution of the momenta of these functions/2/ Though
the predictions for the momenta are relatively simple, their
comparison with the experimental data is a complicated and not
quite correct task. For instance, structural functions can be
measured only in a limited region of the interval of changes
of the variable x ¢ [0,1). Therefore, in order to determine the
momenta one has to extrapolate the experimental values of struc-
ture functions in the whole interval. Thus obtained values of
the momenta may have notable uncertainty. That is why it is
highly desirable to have qu predictions immediately for the
structure functions F(x,Q%) or for quark and gluon distribi-
tion functions (DF) f4(x,Q7 ) as was often mentioned in pa-
pers /3

Values of f;(x,Q in the discrete set of points for various
x and Q% can be obtained by solving LAP equations by numerical
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methods. These equations being very complicated with next-to-
leading corrections, their numerical integration involves many
difficulties. Besides, the tabular representation of f;(x,Q%)

is inconvenient for practical applications, and in some impor-
tant cases (Drell-Yan process, production of hadrons with high
N etc.) it is almost useless. Therefore, the problem of the
most convenient and rational presentation of QCD predictions
for deep inelastic processes has been solving through the search
for approximate solutions of the evolution equations in an ex-
plicit analytical form. Much has been done for evolution equa-
tions (EE) in the leading order (LO)/4{ but quite recently’5/
an explicit analytical form for non-singlet (valence) distribu-
tion function has been obtained which approximately satisfies
EE of the next-to-leading order. Singlet and gluon distribution
functions have not been considered in this work.

We consider this situation to be unsatisfactory. Even rough
estimations show that the next-to-leading corrections play an
important role in the region of experimentally obtained transfer
momenta. Moreover, it turned out that at any Q? their contribu-
tion grows as the momentum number n or value of Bjorken variable
X increases, and n , x being big enough, QCD perturbation theo-
ry becomes senseless. These circumstances indicate, that next-
to-leading corrections should be taken into consideration when
proving the experimental status of QCD.

In this paper we have obtained a new solution of evolution
equations in LO and next-to-leading order. We have found in ex-
plicit analytical form all distribution functions included in
these equations, i.e., non-singlet, singlet and gluon distribu-
tion functions. As in our previous papers’/8/, the initial condi-
tions for EE and the explicit form of x -dependence of approxi-
mated solutions are obtained on the basis of the phenomenologi-
cal quark-gluon model of the nucleon. The model has been sug-
gested and investigated in out paper 77/, It is based on some
assumptions on quark-gluon nucleon structure in agreement with
QCD.

We would like to remind of the fact that the initial condi-
tions and, consequently the form of x-dependence for EE solu-
tions, are not the subject of the perturbation theory. This does
not allow their thorough calculation within QCD at present time,
and one have to replace a strict theory by phenomenological mo-
dels or the information extracted from efperimental data. Almost
all approximate solutions found in paper 45/ have been obtained
through the latter way. We have tried to employ the first possi-
bility as we think that prescribing the initial conditions of
EE on the basis of the phenomenological model is more preferable
than the use of vxperimental information which has no physical
sense. In fact, the model we base on in this paper allows much
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more unity in describing various processes. It e?ables us of
taking account of different bonds between them, inaccessible
for the experimental approach.

In recent years the problems of influence of various'non—
perturbative effects on the behaviour of deep non-elastic pro-
cesses at moderate Q2 (Q25 10 GeV2/c?) has been widely dis-
cussed. Among them twist power corrections for structure func-
tions predetermined by the contribution of Wilson operators
of higher twists are best known. Account of these corrections
is an open problem and is not considered in this paper. We will
turn to another type of non-perturbative effects caused by the
large scale structure of the hadron showing itself at modeFate
Q2 as three extended constituents = spectroscopic (constituent)
quarks. It is interesting to note that unlike twist effects, the
just mentioned effects make contributions not only at large x,
but also in the whole region of this variable. To take account
of these effects we use our version of two-level model of a had-
ron. Other variants of the model are presented in papers /8,97,

We think they have some drawback from the point of view of the
modern development of the hadron theory.

On the basis of our results the calculations have been done
for the structure functions of deep inelastic v»(¥)N-, e(u)N-
scattering; longitudinal asymmetry of the electron scattering on
the polarized proton target A1, the structure functio? of n-
meson F, observed in the process of massive lepton pair produc-
tion in 7N collisions. It is shown, that the enumerated theore-

2l cwndiatiana awn 4n onnd anvaamant with a laroe numher nf
tical preodicticns oro inm gocoo IZgresment with % S=70

experimental data.

2
1. DISTRIBUTION FUNCTIONS AND THEIR Q -EVOLUTION IN QCD

Let us introduce the necessary standard definitions for quarks
and gluons distribution functions (DF) in QCD and their connec-
tion with the structure functions.

1. In the leading order (LO) DF are introduced by the only
way originated from the comparison with the formulae of parton
model. The formulae of DF connection with the structure func-
tions in this case are as follows 2/,

2. 5 2, 1 2 1
Fg(x,Q ).A-l.s- x X(x,Q )+-6-xf,(x,Q ) (M
Fy(x,Q%) = -3f,(x,@%), 2)

where F, , F; are respectively the structure function of the
deep inelastic e(uN- and v»(y) N -scattering on the isoscalar
target in the channel of charged currents. The DF moments of



valence quarks < fy> ,gluons <f >  and singlet combination

S (2,Q%) = 31,(2.Q%)+81 , (x,Q2), (3)

where f; is DF of sea quarks, are identified in the normaliza-
tion point Q4= yu? with matrix elements of non-singlet ANS
gluon Ag and singlet Aﬁ Wilson operators of twist 2. The
introduced moments of DF have the following QCD Q2 -evolution:

1 ne—1 2 —d;s-s
<rv(s)>n -6[ dxx f, (x,Q Y=<f,(0)> @ , 4)
- -d:-s
<Z (8)>, w{(l=g, )<Z (0P, -a < r8(0)>n le
n &)
—d_-s
+la <T0)>, + @, <t (0>, le '
—dn-s
<r8(s)>n =.!,.-.n<r8(0)>n -ep<Z (0)>, le
— . (6)
+(1-a )<L 0> +¢ <Z(O)> le
The standard evolution variable
- 2
S ==In 5:...(.9._2., (7)
gt@d) |
is used here. In the approximation under the consideration
_. 2
E2,@%) 282 g .- 11-:-2-11, ) (8)

BolnQE/A
Other parameters of EE are given in Appendix B.

As is known/10:11/ taking account of corrections for LO leads
to ambiguity in the way of determining quark and gluon distribu-
tion functions of nucleon. Already in next-to-leading order the
parton model connections for the structure functions of deep in-
elastic processes are violated. This fact makes the parton in-
terpretation of the corresponding QCD formulae rather difficult
and leads to the mentioned violation,

When choosing one or another method of DF determination one
usually takes into consideration convenience or desire to pre-
scribe additional conditions for DF (e.g., renormalization inde-
pendence/11/ ), Below we shall cons}qfr two most wide—spread mo-
des of definition denoting them a) 187 and b)/11.The mode depen-
dent expressions shall be labelled by the corresponding index.

2. In method a)/IO/ the matrix elements of local Wilson opera-

tors are identified in the normalization point Q%.q% with mo-
ments of the corresponding DF. In this case Q%-evolution of DF
is controlled by renormalization group functions 8 and y, only,
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which are calculated in double-loop approximation. Coefficient
functions Cg) (1,£%2(Q%)) of Wilson operators are factorized and
considered as the moments of elementary cross sections of the
certain current scattering onto quarks or gluons. An advantage
of such a determination of DF consists in most explicit parton
interpretation of QCD formulae.

In method a) quark and gluon distribution functions depend
upon the method of theory renormalization. This is not a prob-
lem, however, as the renormalization dependence mutually reduces
in the product of DF and coefficient functions Cﬂp(l,EZ(Qz)x.__
which constitute the observed values. Below we shall use the MS
scheme of renormalization.

The considered way of DF determination is characterized in
the moments representation by the following connection between
the structure functions and quark and gluon distribution func-
tions:

1~ n-e 2 () ,.2
Mg(n,Qz)!O[ dxx  F, (x.Q )=_é..<rv @)> (14

B@)zNs 5 @ o gQdzv F@-0 @
+ > :BE.n )+T'8'f‘<2 (Q )>n(l+Isj;;EB2‘n )+ _1.6.;'-582'“ <fs (Q ))nl,
(9

1 e
M, (0.%) = [ dxx’ 2 (xF, (1.Q° ) =
0
- 2 _
--3<t M@®%)s ¢ +%—2)B';?n ).

B;J,are,coefficients of expansion of Wilson coefficient func-
tions Cl(ll) 1.8%Q%)) in effective couplimg constant

£%Q%) 1 B1 10n@?/A%
1622 g wa@*A*  BF mQ¥/A®

where 31-102—:-2?-11t . Explicit expressions of E}'n are given

in Appendix A. In this Appendix one finds also the connection
of F, and Fg with DF in representation of Bjorken variable x,
obtained through Mellin transformation of formulae (9).

DF moments in this case obey the following evolution equa-
tions:

(2) (a) n 2 2 n
<t (8)>, =<f, (0)>nHNs(Q ,Qo)exp{—st-sl



o -
T3, = K- )<E® ()5 _:an<f(;)(0)>an:¢ @2,a2 )«

n
—-d_s -a" 8

(3) ~ ()
x e +la,< X (0)>n+an<fg(0)>n(H_n¢ (Q2,Q‘?0)e -

(a) (a) (a) (10)
<f‘g (s)>, =lan <rg (03, -, <32 0> Ix

n
~d, 5
B2 .2 + )

xH_ (@7Q7)e + (1= )<t ,(;U(O)>n +

n

(a) ~d
ve <5 ©> }Hfg (Q%Qi)e -°

.

n - n
4 ,ap s a, »e¢, and H,, parameters of evolution equations

dgterm%ned by group renormalization functions y, and B are
gilven in Appendix B. " .

3. Method b) of DF determination has been suggested in pa-

/11 1
per/11/ The connection of structure functions moments with DF is
as follows:

2 5 vy 2 1 (b)
My.0% )23 @) <ty @®) (1)

(b)y 2 g = =
M,(0,Q%)=-3<f (Q > (1+§_f(.9.. gls _ghs. ».

16'172 3,n 2,n (]2)

As is seen, a characteristic feature of this determination is

a parton formula for F, and, as it turns out to be (see Appen-
dix A): a simpler formula for Fy3 as compared with mode a). This
mgkes_lt more suitable for practical applications. Renormaliza-
tlon invariance of DF is not the less remarkable feature of

@ode b). It follows obviously from’11/ due to renormalization
invariance of Mg(n,Q2 ).

The evolution of moments has now the following form:

(b) (a) 2%Q%=Ns
Ly @ =<l, ()5 (14 %‘;ﬁ’ézm ),
(b) (2) g%Q? - (a) =22y -
<X (8> =<3 (8)> (1 d Q%) =G
" ( )n( + 16”2 an )+<f8 (S)>n -l-'*-—-os"g BE.n 13)

(b () =208 -, ~p _
<f. ) ®)> =<1',;l (s)> (1~ g@)go y-<3 Pg)> B Q3 5¥

To simp}ify Fhe writing we have expressed the formulae of DF
c09nect10n with the structural functions through DF - t(®
which evolutionize according to equations (10). '
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4. The above-given formulae of DF connection with the struc-—
ture functions as well as the formula of the moments evolution
may change if non-perturbative effects are included.

Now we shall consider the effects, mentioned in the introduc-
tion and connected with the presence of large-scale structural
formations, i.e., spectroscopic {(constituent) quarks, in had~-
rons. The latter are the conglamerates consisting of one valence
quark surrounded by the sea of quark-antiquark pairs and gluons.,

In the framework of the proposed two-level model the exis-
tence of three spectroscopic quarks in a nucleon is taken into
consideration. Their potential interaction ensured confinement
(first structural level). Standard methods of QCD perturbations
theory are considered to be acceptable for the description of
the parton structure of the constituent quarks (second structu-
ral level). That means that DF of current valence f,,, , sea
fs,q quarks and gluoqf fg, in the constituents quark q are
considered as solutions of QCD EE (4)~(6) in LO and (10), (13)
in NO .

In this model the connection of the mentioned DF with the ob-
servable structure functions is as follows:

1
2 d 20 x
Fy.Q )=xxr—;l¢(y)ir,,q (x/y.92)+-5-rs,q<-y--,0“’)i

1 (14)
2 dy X A2
F.(z.Q =—3xf T‘ﬁ()’)fv/q (T’vQ )-

Here ¢(y) is a function of the spectroscopic quark distribution
in y part of the longitudinal momentum P, of the nucleon, de-
fined in the infinite momentum frame (P, » ~) IMF by the expression

P
[Aréy- w31 0,@,.p,.p,)1*

¢ ()= lim 5 . (15)
where
3 3 p .
are 8*® -2 p) I dpfo (= (16)
i=1 im1 P,

The wave function of 3-quark system ®P4(p;.P,.P3) is a solution

of the Schrddinger relativistic equation with the harmonic os-
cillation potential. The relativistically covariant condition

of Takabayashi/12/ ig prescribed for it to get rid of the growing
non-physical time-like modes. The final expression of ¢(y) is

as follows:

exp (- (1-3y Fler {3y (1-y)} a7
[ e {~y(1-3y)*terf [V3y (1-y)idy

d(y) =



where y .is the oscillator parameter. Let us use now relations
(14), (17) for the quantitative phenomenological estimations of
the contribution of non-perturbative effects caused by the pre-
sence of three spectroscopic quarks in the nucleon.

2. INITIAL CONDITIONS FOR THE QCD EVOLUTION EQUATIONS

Let us prescribe non-perturbation initial conditions for QCD
EE on the basis of our earlier developed’?/ statistical parton
model with Regge symptotic.

One of the starting points of the model has become the as-

sumption on the possible reconstruction of the distribution func-

tions of valence f,, sea fg quarks and gluons fe in the had-
ron H according to their behaviour in the vicinjty of x~ 0
with the help of a certain system of operators Ag)

2, 2 (m ra
rv(leO )=AH (rv ’rs 'rg 'x)y

2 S(8) s & T
rs(x,(;)o)=AH(fv,fs ,rg]x).

2y _ a8y £ % e
f(x,Q5) = AL, T dg 1),
x ¢[0,17,
where
2 re 2
f;(x,Q7) o fi(x.Qg ). (19)

The region of small values of X is characterized by high
multiplicity of protons and absence of kinematic correlations
between them. The limit X +0 corresponds to the well-known Regge
limit p+= , Q2-fixed. This allows a number of physically plan-
sible assumptions on the behaviour of distribution functions in
this region and we can try to determine the form of the limiting
functions f; .

The Regge analysis of the amplitude of the virtual Compton
effect leads to the following expressions:

a(0) 1

- 2 - - —
fv(x,Q0 )=a,x s fs(x,Q§ y=agx °,
(20)
= 2 -1 -fx
fg(x,Qo)_=gx e .

Here the valence quark distributions are connected with the
change of the non-singlet A, -meson Regge trajectory (the in-
tercepta(m--1~) the distribution of sea quarks and gluons -
with the exchange of the vacuum trajgctory (pomeron). We have
introduced a preasymptotic factor e P* , additional to the Regge
behaviour, in the gluon distribution fé. It is interpreted as

a statistical Boltzman exponent.

Extrapolating operators Ag? have been constructed through
the systematic taking into consideration of permissible quark-
gluon configurations in the nucleon and kinematic correlation
factors. This consideration is based on the statistical parton
ideas of Bjorken,Paschos’/22/ and Kuti,Weisskopf/23/It should be
stressed, that all the assumptions used to obtain A;P do not
contradict the qualitative picture of the intrahadronic picture
put forward by the quantum chromodynamics in recent years. To
make the picture full we give the explicit form of extrapolating
operators:

-] -
Ay = = = dInZg {1}
AQ 0,10, 10 e —— (21)
Slnf; (x)
the producing functional Zy {f } is defined by the expression
o gt ¢ e —i-iox
Z M aae dfe ~ ([ dxe f, @)
27Kl ~e ] (22)
% —~i(&~10)x - -
vernll dxa (9f (v, f (w0}
- 0! A S 8\ 7/ g\ il

k is the number of valence quarks and antiquarks in hadron H.
Despite logarithmic divergences (f4,z ~1/%)*, expressions (19),
(21) are finite for DF. This is predetermined by the fact, that
the above-mentioned divergences can be factorized and disappear
during variational differentiation. Let us give the predictions
of the model for the case of the nucleon, 7 -meson and spectro-
scopic quark - a conglomerate of a valence quark and the sea of
quark-antiquark pairs and gluons around it,

Together with the distribution functions f; we shall write
down the expressions of their moments necessary for further con-
siderations

1 I
<t@)> «f axx rx@? ). (23)
0

* The unfixed number of degrees of freedom for the system of
sea quark-antiquark pairs and gluons in the hadron is the rea-
son for these divergences.



1. Nugleon distributions:

(2)
- T D 1~

/N (x-on)-x % _(1-x)  “aua1 ( X)‘
B(%,r+1) D(3) )

" Df13)1(1_x)
p® )

»

2
ls/n (=95 “‘é"“(l‘ )

- 3)
fe/n(xQg) = Lo Bgr 1_xy™* Dgid-m

p® )

_B(reln-%) (2“”(’1)
B(r1,%) D(3) 1)

2
<Ly @)

»

(2n+1
e g R
<fyn@g)3 = ZE-Be+3/2,0-1) .B.?.T..(..l.)..
(Qa ) B(r+3/ (2':1”11)
> =gB(r+3/2,n-1) —%—-.—-—‘
1¢))

2. n -meson distributions:

(1)
V/n (x Q ) =X %Kl_x) . Dq.l(l-x).
B( %,r%) D@ (1)

“(2)

fy/m (x,Qf,) =’%:g.- (1-x)" _ﬂ.l(l")
=x Dq,1 ()

le/n (x,Q%) = -g-:e_ng(l_x) 5.1(1—1)
* D& @

<, (Qi )> = Brthn=t) D& ?1)
m n B(ns%%) D (2) )
(2n)

2 -g 1)
<rs/rr(00 ); = cs—— B(r+1, n—l)—?é%—l—(—l—)
2 (2n)%1)
<f / Q% )> /-gB(H.l'n_l)—.—ELE_._.
g/m* 07 @)
D&

3. Distributions in spectroscop1c quark q:

-1 p(®

2, ~%@a-x™! Dgq,1(1-x)

forg BG0)=x ™ D”i(l) :
% Dg 1 (1-x)

(@)= L. (1-x) i
DY )

s/q

10

(24)

(25)

(26)

(27)

(28)

(29)

(30)

3n

(32)

(33)

(34)

(35)

(36)

(37)

/e 9 )=5--e"gg 1" Dg,} (1-1) | (38)
2 8 DL @
Braz g . (39)
Q )> = ,
G 50 D‘“f %
D(gn—li)
(Q )> = —--B(r+% n-1) 3l o, (40)
oD )
(2n-1
@) - gB(r+%,n—1)_[l&..}ﬁ.._.; (41
/¢ 70 %, b D ()

Here

D:"m(Y)-4’(8+m-l, r+ ;‘—; -8;¥) (42)

®(a,B;z) is a degenerated hypergeometric function.

3. APPROXIMATE SOLUTION OF QCD EVOLUTION EQUATIONS

Knowing the initial conditions for the evolution equations in
point Q%= Q% for the nucleon (24)-(29), n-meson (30)-(35) and
spectroscopic quark (36)-(41), we shall find the approximate
solutions corresponding to the three cases. Let us use a well-
known variational method of test functions. The essence of the
mechod consists in the foliowlng:

a) We shall find the solutions of EE in the same form, as the
initial conditions are prescribed, 1ntroduc1ng the dependence
of parameters r , g , B,, Bg upon Q% We shall limit ourselves
by the linear approximation in the evolution variable s and
write down

2
g(Q )- 8(0) +g(1) *8,

2
r(Q%)= 7(0)+ r(l) .8, (43)

2
Bag Q7)) =Boy* Biiygg * 8-

In the next order (NO) of QCD perturbation theory the initial
conditions, parameters T@©) »8) B and evolution para-
meters g, , B(l)q » B depend upon the method of DF deter-
mination 8cf Sect.1) anJ upon the value of QCD-parameter A. In
LO-approximation there is no dependence of such kind.

Thus the problem of finding the approximate solution is re-
duced to the searched for parameters ") » 8w > B(o) » Ty
1) B(l)q ’ ,B(l)g of the test functions.

11



b) Parameter r(y) can be determined from the QCD-predictable
threshold x -1 behaviour of DF 7/13/1t has the following value:

4Cp 18
T T —b— U ——
(1) BO 25 (44)
where C p= 4  Bog=11— 0 5 np = 4 is a number of quark flavors

(for details see ref.” 76/ ),
c¢) The initial conditions parameters ) > 8(0), B(O can
be determined through the comparison with the exper1menta1 data
on deep inelastic lepton~nucleon scattering at fixed Q2 -Q
d) Evolution parameters g(l), B(Dqg (see ref. /8.1/ ) can be
determined through the mlnlmlzatlon of the following square
functional:
X2l % s fldsg(s,n){< 1, (slg
mvZg 0 g 1)
where <Q(s!g(n s B(1)q.g )>, are the DF moments calculated through
formulae (27)-(29) for the nucleon, (33)-(35) for nr-meson (39)~-
(41) for spectroscopic quark, where the required parameters are
present; momenta <QQCD($>h are calculated using right parts of
EE (4)-(6), (10), (13) with regard to a considered approximation
and mode of DF determination. The initial conditions of EE are
determined by the equation <f; QcD 0)>, =<ty (0)>, and para-
meters o, ,8(0) > B0 found earller, '(sn) is a we%ght
function controlling the accuracy distribution in the region of
averaging. Naturally we shall consider only the finite region
mpiest form g(s,n) =6(20-n)6 (1-5)
and A = 0.5 GeV corresponds

QCD 2
'B(l)q.g)>n-'<ri (S)>n l’ (45)

uud \.uuuac L‘uc :ullL.LLULl Lll Llle bj..
(interval 0 <s <1 at Q%= 9 GeV
to 9< Q2 <18-103Gev?).

The conditions of minimum for functional ¥%%2(45) are a sys-
tem of three equations in relation to unknown parameters B(1) »
By »B(1)g Belng very complicated, the system has been nume-
ricaily solved in the computer.

On the basis of this method we have found in the explicit
form the approximate solutions of EE for the nucleon, »-meson
and spectroscopic quarks in LO- and NO-approximations of the
perturbation theory. The obtained values of the parameter for
the nucleon are listed in Table 1; for the r-meson, in Table 2;
for the spectroscopic quark, in Table 3.The errors of the appro—
ximate solutions do not exceed 5~6% up to Q2. 20-108 Gev? , decre-
asing sharply as Q% decreases.

4, CALCULATION OF OBSERVED VALUES AND COMPARISON
WITH EXPERIMENTAL DATA

1. Up to now we have been considering the logarithmic QCD ef-
fects only. However, for the calculation of the observed structur

12

Table

1

Par:me— 5
Me- FElOA Ty | Bo)| Py | B Bnd Ans| %o
thod of (GeV/c) (Gevd
determination
0.5 231 114 =2415 0.621 «1.38 | 5.953
No(a) 0.3 2.27 1.15 ~2.06 0.623 =1.35 | 5.97
0.1 2,20 1.13 =-1.99 0.618 -1.299! 5,96
0.5 1,97 | 0.992 | =2432 | 0.050 | ~2.89 | 6.0 9
No(b) 0.3 1.97 0.992 ] =2,32 0.061 =2.78 | 6.5
0.1 1.97 0,992 | =2.32 0.066 «2.59 | 6,4
does not
Lo depend| 1.97 } 0.992] -2.32 | 0.619 | -0.995 5.951
upon
Table 2
Parame- | | | | bl | ]
Ao Bo) | o) | Bay | B | ™) | BCva| be | Q2
ximation
o 1.06 1.5 =1.,50 0.99 0.684 0,29 | 6,25 16
Table 3
Parame- J 2
\m‘: A By T [ BCod| B T| BMa|B(ne <
Appro
ximation
1o 1,041 1.27 | 1611 0433] 16/25| ~0.23 | 3.04 (0,02
1
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functions to be compared with the experimental data power mass
effects m2/Q% (m is mass of nucleon-target) should be taken into
consideration, because their contribution to the structure func-
tions at moderate Q2 is comparable with the contribution of ear-
lier considered g%Q%) corrections. Like g%Q?%) corrections,
they are especially high at large and small Q2. Mass effects are
of pure kinematic nature and can be taken into consideration
within the limits of £ -scaling formalism 14/ye would like to
note, however, that ¢ -scaling enables us of taking into cor-
rect consideration the mass effects in the region of x (x £0.8)
only. This fact should be taken into account when using the
formulae of structure functions calculation obtained on its ba-
sis (the formulae are given in Appendix B).

Taking into consideration everything fu_entioned above we cal-
culate structure functions FgP and Fy vIN taking account
of next-to-leading corrections and power mass effects. For this
purpose it is necessary to substitute structure functions F‘2N0
and FNO corresponding to the case with zero mass of the tar-
get (see the formulae of Sect.l) in the formulae of Appendix B.

2. We have compared thus obtained numerical values of struc-
ture functions F‘:p and F‘a"('—’)N with the experimental data
from SLAC/15/,FNAL /18/(e(u) +p ~ e()+X) and CDHS/!7/ (v(p)+N
(isoscalar target) » p (u*)+X).It turned out, that curves calcu-
lated at A=0.5 GeV are in good agreement with the experimental
points. These curves and the mentioned exxerimental data are
siven in Tig.!l, as well as curves o Fr® and r~° catcula-
ted in LO783 with the same value of A= 0.5 GeV. These curves
are given just for comparison. As is seen, the experimental si~
tuation of the problem allows one to speak about ‘the fact that
the new trends in the behaviour of the structure functions in-
troduced by the corrections (e.g., a stronger growth at low x)
correspond better to the trend which shows itself in the expe-
riment.

1t should be notices, that the value of A=0.5 GeV, we have
chosen earlier, is not the result of an all-sided optimization®
Extraction of QCD parameter A from the experimental data is
quite a delicate problem and must be considered specially what
is beyond the purpose of the present paper.

*Among those not taken into consideration there are, e.g.,
"twist" corrections of power character (Mg/Q2 )" Mo is the
hadron scale. Presently, it is impossible to take into account
within the limits of QCD.
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Fig.l. Continuous-line curves are: (a) F, , (b)xFg ,
dash-line curves - (a) F‘go , (b)xFYO (A= 0.5 GeV).
Dots are the experimental data of SLAC/13/, FNAL /18/
() +N » e(u)+ X), CDHS/1"/ (L (B)+N +u~(u*)+X).
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1L

- 0’16 GeV’

wol : f1g.2. Structure function of

7 -meson F’I=2'4x(f"/” +3.705/n )
The curve is a theoretical pre-
diction. Dots are the experimen-
tal data 718/,

3. We have calculated the structural function of r-meson

F_(xQ )=24xif,, (Q%)+3.71,,, (x.0%)

which determines the cross section of production of massive lep-
ton pair in 7N -interactions at high energies. Substituting
obtained expressions (30), (31) as distribution functions of
valence f,/, and seq fg/, quarks in r-meson, we compare F,
with the experimental data. The results of the comparison are
given in Fig.2. The available experimental material being not
enough/18 , it is impossible to do a more detailed analysis of
the obtained predictions for F, .

4. Let us calculatg, at last, the nucleon structural func-

tions F‘;(‘”N F‘:';(”,)N in the two-level model at moderate

?
Q2 (Q2 < 10 (GeV/c)?) where we expect the most essential mani-
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CONCLUSION

In this paper we have obtained explicit expressions for the
distribution functions of quarks and gluons inside the nucleon
and ~-meson which possess Q%-dependence predicted by QCD in

? + leading and next-to-leading orders of the perturbation theory.
In other words, these distribution functions are new approximate
Dd * X015 solutions of QCD evolution equations. We have.fou?d the explicit
a7t ] | forms of singlet and gluon functions of distribution, which pos-
sess this property in the next-to-leading order of the pertur-
bation theory.

‘ P _ In the considered approximation the way of determining the
Fig.3. Structure functions distribution functions and corresponding evolution equation is
(a) F P (b) xFVﬁUN in the ambiguous. In this paper we have obtained approximate solut1ons
reglon of small x znuiQ2 Conti- for two well-known definition/10:11/,
nuous—-line curves are (a) FLO . We have specified the list of formulae of DF connection with
(b) FI“) Dash-line curves are the structure functions in MS scheme and added new formulae
(a)F . The large scale specto- 039(2» which are necessary for practical calculations.
scopic structure of the nucleon We would like to indicate some characteristic features of the
is taken into consideration.Dots obtained solutions.
represent the experimental a) They have a correct threshold behaviour x +»1 from the po-
data/18.17/ int of view of perturbation theory of QCD.

b) The predictions of the phenomenological quark-gluon model
of nucleon’/8/ have been used as the initial conditions of the
evolution equations, but not the empiric parametrization of the
experimental data at Q% =QZ.

’ uf‘]‘ . ] ] 2) w-dapondence of the approAimete suluiivus ai all @ nas

.4. The coefficient of the
longitudinal asymmetry A, in
the deep inelastic polarized ep -
scattering. The theoretical curve
is calculated with the large-
scale spectroscopic structure
of the proton taken into consi-
deration. Dots represent the ex-

also been chosen on the basis of this model.

Our approach to the approximate solving of the evolution equa-
tions based on the phenomenological model has wider possibiliti-
es as compared with the approaches based on empiric parametriza-
rions /4/',e.g., it is possible to calculate theoretically from
the unique point of view distribution functions in any hadron
(r ,K , etc.) to obtain multiparticle and correlation func-
tions. Calculation of these functions has become quite an actual

perimental data/1%/, problem,
Using the mentioned results we have calculated the structure

functions er("‘)N and F‘:’;(‘;)N of deep inelastic e(u)N- and
festation of the spectroscopic quark structure of hadrons in v(P)N scattering, and the structure function Fq of g -meson
deep inelastic scattering. Let us use now the formulae (14) and which characterizes the cross section of production of massive
the obtained solving QCD EE functions of distribution of quark muon pairs in s N-interactions at high energies. It is shown
and gluons in the spectroscopic quark to determlne the value of that the obtained predictions are in good agreement with the ex-
the structure functions for various x and Q% The results of the perimental data. Besides the logarithmic perturbative QCD cor-
comparison with the experimental data 716,17/ are shown in rections for the structure functions, we have taken into account
Fig.3. Additionally a satisfactory agreement with the experimen- the power mass corrections. For this purpose we have used the
tal data/19/ has been obtained for measurements of coefficient §tandard formalism of ¢-scaling. Besides, we have stud}ed with-
of the longitudinal asymmetry A, in scattering of electrons on in the framework of the two-level model of hadrons the influence

the polarized proton target (see Fig.4). of non-perturbation effects caused by the presence of large-
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scale structures, like spectroscopic quarks, in the nucleon on
the processes of deep inelastic scattering. We have also calcu-
lated the asymmetry coefficient Ay in the scattering of pola-
rized electrons on polarized protons.

Thus, the model described from the unique point of view
a large number of phenomena in physics of elementary particles.

APPENDIX A

We give the formulae of structure functions connec-
tion with the distribution functions in the next—to-leading or-
der.For the considered methods a)’!%/and b)/11%f determining the
distribution functions they have the following form:

NO
Fi

a) Fr0xQ?%) - F‘(&)PM(X,Qz) + ..—%.2.(9.51: {1_‘3!._{ BY (X)x
2 2 \y

2 1672 x ¥
(a)PM 2, 5 (a) 7RG x
x F2 (v.Q%)+ —ﬁyfg (y)82 (;—)L (A1)

NO (2)PM 2. g%@Q% ! dy_ (a)PM =
xF_ (x,9%)= xF xa%+ 8L9) T Q2 )yBY¥Y (X
3 3 lsnzx{ v s (¥,Q% )yB'g (y).
NO
b) F, ®@®)=FO M xab),

NO (b)PM 22(Q>
tFg (x,Q% )= xF g (x,02)+_§.ic.'.?x

A2
16 0% (A2)

14 (b)PM e =Y x. =¢
x —;l(yF3 (v.9MN(B (—y-a—Bg(-y!».

wher
model.

P
e F‘é") M .re calculated through the formulae of the parton

PM
FO M a?) - .158.:2 ™ 0% 4 -é-rv(") Q%)

(A3)
(n)PM

Fa

x.Q%) = -3t M 1,0%).

- _a )

Convolution kernels_.B'ﬁ x) , B, (x are melline transforma-
tions of coefficients B'k'n , Ek?n appeared in (9),(12),(13).
Let us put down these values in the renormalization scheme MS.

18

~ ¢ =NS n s 2 2
B) By, -drssl_ys L __2 351,
’ ' 3 k=1Kk k=1k* n(m+l) k=1 k
2 1L v 1.3 "
sqs Los L 3, 3 2 .
1 e k+n+n+l + 91,
=1 =NS NS5 4 4n4+2
By, =Bn. =By, =owe—ii.
3.,n 3,n 2n "3 nm+ 1) ’
= 2
B9 Lon i i _ 4,1 nfme %1
2.0 "ns1 02 02 o@+m+R) « +I|(=1 k .
=
B;”(x)= 4 xi2(1-x)Mn 1=X L ax In1-%) ]
3 X 1-x *
3x ()
In x 2
+ 3+4x-4x 28X _(£,2,9)5(1-
(l—x)+ - (3 7<+9) 5(1-x) },

1

- ¥ - NS -
B, (1B, (x)-BI;S (x)--_3‘L2x(1+x).

-I—Sg (x)-2nr X ’((1-‘!)2+x2)1n _1..;.’.‘... + 8x(1-x)-14.

. =G . . .
I:‘unctlon B2 (x) did not appear in any previous paper. Heren; =4

1A A wmeembhines 8 L) £ Tr 1 ",
A0 4 LU cl Ul Yudann 1 iavuroe LuUCcA ’

t2 3 i1t siuguidr expressions
indicates the following rules of integration

(1 h(x)dx . rl dx _h(x)-h(1)

0 (1-x), ] 1-x

1 1
[ dx h(x) [_.L..)_“‘ll'x 1, = dx An(1-%) {hexy—n(1)],
0 -X 0

h(x) 1is a function, regular in boundary points.

APPENDIX B

We give the list of formulae for the calculation of EE para-
meters (scheme MS):

=2,.A2 =-2.n2
n 2 o2 g (@Q%)-g (Q n
Hy Q2,07 )=1+ @Q)-g (Qp) Zg.

Bl
16172 (B1)
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g2@?%)-g%@%) n

n 22 in
H, (@%Q%)=1+ = Z5 +K
- - n_.n - B2
y gg(Q%):[ 22Q?) :dt—di _ gE(QZ):! (B2)
67°  g2@2) 162
1), 0),
70~ 8T _YiST g
Bo 28, (B3)
(1).n n
n Yi4 Ay ,
R Y v T
B, 282
(1),n
QL4 = S—
- 230+A';-w\g
t (0),n _,n B4
g% el vy TF (B4
. e .,
2B +A, =A (0)om_ \
Bothe =4s vy
%S -E—'—’." dt = 2 "
(0),n n (0),n
YNs -'A*- ~ yl/lc' ap(l-ay)
e T n €= 7T T/
Al AT =A a,
Table 4
n ,ég)’n Iél) o ,*(’g)ln ,é;)nn ,((}é')'n
2 71.37 55.56 -60,34 =55456 60,34
4 120.14 119,28 10,34 27,40 151.61
6 147,00 146,82 22,08 -18.28 201,94
8 166,39 166 34 25.96 -14,08 238,16
10 181,78 181,74 27.25 -11,67 267,48
12 194,63 194,58 27.51 -10.11 297.44
1% 205,7 205.7 27.29 - 9,00 34,2
16 215.4 215.4 26,82 - 8.17 333,7
18 224,1 224,1 26,25 - 7.52 351.2
20 23109 231.9 25.63 - 7000 367-3
20

The explicit expressions for yn are extremely cumber-
some. They can be found in papers’20 and, in simpler form,
in ref.”/2Y In Table 4 we give their numerical values used in
our paper

(0):n (0).n

(0),n | _(0)n 0),n (0),n 2
+Ygo V(v - ) +yg Yoy

y'/"/’ '/’5/’ yGG ] (B6)

(1):n n. (0),n ,n B (0),n
Yol =ID] (y ) = A 4Dy NP 1T

(M _p®¢, (Om_ 2 n_(0),n
YD by A Dy g 1T (87)

.(1),n n._ (0),n .n (0),n
y+_,=[D3(y¢,¢ -=A+,)+D‘;y¢,g 1T, .

(1) no (0 0 n (0),n
Yiop = [Ds('}’w ‘A_,) +D3Y¢G ]Tn

Dn -+ (0),n (1),n. . D - .(0),n
B e ey s Yy
(0)'n (l)on n (0)-n (l)an

[}"IIG Yoy (A7 Y Y g6 ] (B8)

(0),n g n_,=1

Ty =y q "= AP0

(1),n

)y¢G

]1

D
&

According to the definition
©n _E%2  ma g* 2
. ——xt ¥ (=) B9
1 16 » H 1672 (B9)
Y?j is a matrix of anomaly dimensions of Wilson operators.
Here

2
n
vy 8 )=

(0),n

y = -16 n24n+‘2 )
Gy 3n(m* -1)

(0),n 0)n 8 2 I
- L DU A e &
s “Vyy T eI A T

[1

,Om g B7an s2
Yo n(+1)(n+2)

(0)n 4 1 4 4 g
— Y +6[_._ - - +4 p) '1"]6
Yaa g I 3 n@m+l)  (n+1)(n+2) k=g k

APPENDIX C

Kinematic mass effects due to non-zero mass of the nucleon-
target m can be taken into account on the basis of ¢-scaling
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/14/

formalism ' . In this case the structure functions can be cal-
culated through formulae:

- 2.3
F, 1.0%) - %)° K @.0°)F,(£,6%) + ZLX_k*xa")
é—' 2 Q2
1 - ‘4
xff Lr, (z,Q2)+—1Q—2-T—x4K5(x,Q2) 1)
1 1 -
x [ dz [ SLF,¢.0%),
£ : y2
F,(x.Q% )= 2 K% (x,Q%)F, (£0%) +
2_2 f 1 : (CZ)
+2XCK3 (5,02 ) 7 L2F (2,07,
02 f b 3

where

Fy

2
K(x,Q%)= (1+4x2.31.{,)"'5, (€3)

£ - 2 N

(C4)

N o
1+Jl+4x§nﬁ/02 o

are the structure functions when m=0.
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Bepgusakos B.A. u agp. E2-82-467
KBapk-rimooHHbie ¢$yHKLHH pacnpefesieHHA B anpoHax

B ABHOM aHaMMTHYECKOM BHOe NPHOJIIKEHHO pemeHn ypaBHEeHH:A
KXII, onucrBawmue Q2-3Bonmuum byHKIMA pacnpepelieHHs KBapKoOB
H DMOOHOB B HYKJIOHAX M # —Me30HaX BO BTODPOM NPHOGIMKEHHH NO
3bdeK THBHOH KOHCTAHTE CHIILHOT'O B3aMMOZeHCTBHA E%sz Hayanp-
Hble YCJIOBHSI 3THX 3BOJIOIMOHHBIX YpAaBHEHHH pacCYHTAaHb Ha OCHOBe
dbeHoMeHONmOoryueckoil KBapK—-TIMOQOHHON MOZEeJNIH HyKJIoHa. B o6nactu
"ymepenmnx  Q2(1 T'aB2/c? < Q%S10 I'aB?/c?) paccMoTpens sdxpex T
KBapKkoBoro koHpallHMeHTa B paMKax MofgellH pPeJiTHBHCTCKOr'o oc-—
uwuiaTopa. Hexogs M3 HalgeHHnX GYHKUHMH pacnpefesleHHs pacCcyH—
TaHel CTPYKTYPHble GYHKUHMH riay6okoHeynpyroro v(v)N—, e(u)N -
paccesiHusa, ko3bbHuHeHT acuMMeTpHd A1 B paCCeAHHH 3JIeKTPOHOB
Ha NOJIAPH30BAHHOM HYKJIOHHOM MHmMEHH ¥ CeYeHHs POXIEeHHA MacCHB-—
HhIX JIENTOHHMWX Iap B n N -p3aumopmeiicTBuu. Honydeno Xopomee
corjlacHe C 3KCNEepHMEHTAJIbHhMH IO aHHLIMH.

Pa6ora BhmonHeHa B JlaGopaTopuu sagepHbx npo6aeM OHAU.

NMNannuuT NALANUUALLAFA LULATLUTUTE GRANULIV liArmAnAR S
nent -onuue N UUSTUTYTE Snantaly 142 AT

N.S..~ 1005
R LIPSV AT R R Y

Bednyakov V.A. et al. E2-82-467
Quark—-Gluon Distribution Functions of Hadrons

The QCD equations with next-to-leading corrections which
describe QZ2-evolution of nucleon ( » -meson) quark and gluon
distribution functions are solved approximately on the basis
of a phenomenological quark-gluon model in an explicit analy-
tical form. Using the relativistic oscillator model quark
confinement effects are considered in moderate Q2 region
(1 (GeV/c)?5Q2%510 (GeV/c)®). On the basis of the found distri-
bution functions the structure functions of deep inelastic
v(@)N- , e(p) N -gcattering, asymmetry coefficient A, in
the scattering of polarized electrons on the polarized nucleon
target and cross sections of production of massive lepton
pairs in #N interaction are calculated. A good agreement
with the experimental data is obtained.

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