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1. Introduction 

'rhe method of QCD sum rules (SR) [11 which is traditl.o­

nally applied to calculation of hadron masses and widths, turn­

ed out to be useful in attempts to reproduce detailed charac­

teristics of hadrons such as formfactors and parton structure. 

We recall the first successful calculations (2.J] of :fr-meson 

formfactor in intermediate Q2 region. Among later results 

there is '7J -.Key width (4]. At last, recently quark parton 

distributions in nucleon were reproduced [5,61 by means of SR. 

In this paper we shall try to obtain the moments of heavy 

valence quark (c,b) distribution function in a heavy meson 

(D,B) applying QCD SR for four-quark correlator. Th- correla­

tor is chozen in such a form that the lowest resonance contri­

bution to its physical part contains an amplitude of forward 

elastic scattering of virtual photon on a given heavy ~eson. 

As it is demonstrated below, taking a few terms of operator 

product expansion for this correlator we are able to reproduce 

both the behaviour and normalization of c(x,Q2 ) distribution 

in D-meson (or b(x
1
Q2 ) in B-meson) in the intermediate Q2 re­

gion. 

?his distribution itself is of purely heuristic interest 

since for example D-meson ·structure function cannot be mea -
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sured. But at large Q2 this function is related l 71 with the 

inclusive e+e-...,. D + ••• annihilation structure function. The 

last funct·ion has been already measured L 8 J (up to the sepa -

ration of D* contribution). 

The peculiar feature of heavy meson parton structure have 

been predicted long ago (9 - 11] on almost kinematical grounds. 

The prediction is that heavy quark carries the mrdn share of 

meson momentum: s 
<X>c.= x·c.(x)Jx "'{-~/iv'\:: 

r - )V:> where fi"""\.(~CV> ,_..200 - JOO MeV is a charactui stic hadro-

nic scale. In e+e--annihilation this leading tffect reveals 

in the dominance of C-.D fragmentation function P.t 

z = 1.P2>//S ,.__, 1- - fa/Yvlc. 
The other important observation based on perturbative QCD 

[12} is that in e+e- - annihilation the heavy qur;rk leading is 

provided already at the stage of hard gluon brem$strahlung. 

The further hadronization almost does not influence on the 

quark-parton momentum distributions in heavy harlrons (the so 

called "soft decoloration ·"). 

In results obtained below confirm in a model independent 

way both the heavy quark leading effect. and the validity of 

"soft decoloration " for heavy mesons. Finally the c(x) dis­

tribution is of certain interest f or soft int~raction quark­

gluon models (13 - 15}. In these models parton distributions 

are related with parameters of large distance hadron physics. 

In particular applying the obtained moments of c(x) we fix the 

unknown value of cc Regge trajectory intercept ol-¥(0) 
The rest of this paper is organized as follows. 

4 

In section 2 necessary calculations of QCD diagrams corres­

?Onding to the four-current co1relator in Euclidean region are 

carried out. In section 3. SR l or the momen+-s of c~quark dis­

tribution in D-meeon are obtained. Numerical analysis of these 

SR is done in section 4. in ~ection 5 the c(x) distribution 

is discussed from the view1oi~t of soft processes. In section 

6 the moments of c->D frP.v,rr.ent'\tion function are reproduced by 

means of stands.rd QCD evolutic·n. The results are compared witlJ, 

available e+e--data. Finally tn Section 7 the analogous re­

sults for B-meson parton structure are presented. 

In this paper we restrict ourselves by pseudoscalar heavy 

mesons. Tt.e calculations- for vector D*,B*-mesons can be car­

ried out in the same way, although technically they are more 

complicated. We plan to present these calculations in future. 

~· Calculation of Four-Current Correlator in QCD 

Consider the following four-current correlator: 

Dr/r>1, P,_,cv1,°vi.)-= ~d\J"~ol"-r Q. <:~x-<. 'h. -a-.{,f'I. ~ .. 
(1) 

"'<olT£ ~ ~s'U(o), c:~rqx>) c: ovc.(~»-t< r.s- c..(r-)} Io>-
The current (~~ corresponds to the creation of charmed pseudo­

scalar meson n°. For definiteness we take '!,( as a light quark. 

The replacement 'U ~d,s (D0....,.n+~ns) does not influence on the 

results obtained below. The e:y,..c. current corresponds to the 

emission or absorption of a photon by the heavy ~-o .. ark. 
'l. 'Z. 

At i'h·.,d external 4-momenta squared ?<:, 't-i. (i•1,2) the 

5 



correlator (1) depends on two independent kinematical invarian~s 
'l. 2 s·(~\+'\) and t•(C\-L-'\-,). Consider the amplitude (1) at t•O in 

unphysical region ~t, ~:, $ 4- 0 . If \P{°\, \~~ \ '>> l (in fact 

\l>t"\,\'\~\"-" Yr\~ is enough for it) this amplitude corresponds 

to a deep virtual fluctuation and may be calculated in QCD by 

means of operator product expansion. 

It is essential that our choice t • 0 is not dan~erous 

since physical ~~-states in t-channel are located for enough 

(at t~4mc 2 ). Otherwise we would be forced at once to take the 

imaginary part of (1) over S, as it was done in L5,6}. In 

this case the possibility to develop SR over two independent 
2.. 'l. 

variables P,, Pi would be already lost. 

The main contribution to the operator product expansion of 

the correlator (1) at small distances comes from the unit ope­

rator which is simply square quark loop of Fig. 1a. The main 

power corrections come from quark condensate (~cf~(dimension 

d•J) as well as· from quark-gluon condensate · %~ <. *~rvG'rv"t' > 
(d•i) (Fig.1b,c). These condensates are essential since their 

coefficients are proportional to heavy quark mass me. As for 

gluon condensate ( G~ Gt~> (with d•4), we shall not take it 

into account, since estimates indicate that the corresponding 

contribution is. small. The reason is straightforward. The 

5luon condensate contribution is determined by loop diagrams 

#hich are suppressed as compared with tree d. ~f',TamS of Fig. 

1 b,c. The four-quark condensate with da6 is inessential since 

its coefficient is not proportional to m0 • 

The zeroth on cX.s order of the correlator (1) de termined by 
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the square diagram or .n.g. la has the following form of stanrtar:1 

Feynman integral: 

0 
• r J."~ r _{_ ~ 1. l< 

DfV = 3~ ·\2.'fl')" s?lOS ~-pi s l ~\,-\.i-M<. ~v 

-i. 1. } x - - Y,.. ,_----
,. ~ - ""-c. 

(2) 

The current mass of light quark is neglected. Hereafter we 

shall be interested in the invariant amplitude in front of the 

kinematical structure drv: of'V = 0. i f"->J-+ • • • • Let us 

express this amplitude in terms of Mandelstam double dispersion 

repreaentation over P,2.. and ?~ variablea which are the aquared 

4-momenta ot! pseudoscalar C:: il's'Ll vertices. 

Do(1 'L "Gt.°v'-S\_.1.._(JSL (J~< of. ql..al.5\ 
\.?q 't\_, v~i i.> ·r1fi.)si.-?~ j 51_P~ ~ ,s~/"'-1 r,1"z.1 :.; (J) 

The spectral denai ty t(s1,~L,'\-~,'\~s)= lmsJm~ Q
0

($ 1)>i,°v~,'\-~ 1~) is 

calculated by meana of standard Cutkoaky rule. Afterwards it is 
nt. at Q.'l. o convenient to put -v1 -=-vt-::::: - at once. Then S> has the form 

p0
= ~(s.-s~ f 0 (S-1,Q~ $)e(si-r...~) e (s 2. -\V\Z) 

(4) 

This expressic~ reflecta the symmetry of square diagram over 

P1'l. P 't a..t ~~ -= \~ and t•O. 
) t. ,..., ~ 

The most aui table expressio,n for the function ~ 0( $ 1 , G:, s.) 
is in the form of diaperaion repreaentation over s, nifferen -

tia ted. n times: 

-~ -;;i~ 
\'\.~ d$V\. 

S+ 
,..,o (, nt. \ ( J. ~ O 0 ( (\,,_ ,_,) 
~ ,s~,~>s) = .J (s-s)~-+'1..-\ s-1,1.1(..) s 

5_ 
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where o0
_ ?:> (e i.)\ ( $ S" +Q.m~ )Ir s s" )'2. ~}-i '\--3-?~-l'r\ l\1.+ Q.'I. + Q_'l. ~1.+Q!-- Q.t. + Q.'I.. -

- 4~~( 4h-\~)- t} 
Q,'1. 1..+ Q.'t. ' 

I 

'.St=Q.'2.."it 

~T_ 7:0 s~c~ + Q.~~)- t + r (1 + ~~~)t ( ~ -~. 
oo ,.._ 

The asymptotics of -\- at S .... oo demands thRt \'\.?-!. • The 

representation (3) allows double Borel transform in?: and?~ ' 

0 °(, 'l.~Ai. " ... \ ~~ 0°r, 'I. 'l.n'I. \ _i_('ol~ J.s o -~-~ 
[l)\Huni.,~,5/:::o"\'.>z. \f<\,Yt.,~1 S/:::'.1(i.j~~f e_ 11~ K'i. 

where e. g. 

" ~ r ~ \ "t'· ( ~ )'o(.J ~-?\)~-eo,1c.~, w,i.lfi..:: H! l('h-1.)\ t\ - 'dp"1. 
Now it i s convenient to put M>:.\.\~ ""'- M'l. taking into account 

. D't. "l. 
that both channels 1 " and Pi. are saturated by the same phy-

sical states with <JJ -meson quantum number. Not that the ef­

fective Borel parameter is r.~2 /2. 

Subst i tuting ~· from (4), (5), we obtain the final answer 

for square quark l oop contribution at t • 0 as a function of 

Borel parameter M2 and kinematical variables Q2 and S, dif -

ferentiated n times over S: 

_1_ ~ o _ J_ r . -:-~ -2.!;~/M'I.. 
~\. 'd s"(D~)-111. y:Js-<M e " 

$ ~~ (6) 

"S+cs~~-- .. ~ ~o(s ~) Q\ s) 
S-

To obtain t he t otal QCD part of SR we need analogous ex-

pres 3ions f or quark and ouark- gl uon contribut i ons to ampli~ 

t ude (1 ) , The s implest way to calculate these contributions 

·is to use t he familiar Fock- Scnwinger gauge. In this gauge 

8 

the light quark field expansion has the form: 

~.Y(t:)::: ~(o)+~f 2>,·~H o) + i ~f ~.l <0p<l>.i ~(o) + . . . (7) 

(£i>! iE covariant derivative). The quark condensate contribu­

tion is determined by the Fig.1b diagram, i.e. by the first 

term of the expansion (7). 
- 0... ')._ft.. 

8s <. '+ 6')<-" G/'v 2. ~ > 
The quark-gluon condensate 

contribution consists of two parts. 

The first part emerges from the third term of (7) (Fig.1b dia­

gram). The second part corresponds to the first term of (7) 

when simultaneously the heavy quark interaction with gluon con­

densate is taken in the first order. (Fig.1c diagram). The 

last interaction is determined by heavy quark propagator ex-

pansion: ,... 

S(x, ~):: So(x- ~) -i~ ~d."f So(x- ~)A(~) $0(1- 'A)+ .•. 

where A}'(X)=- ~ Xp G.pr.(o) is the vacuum gluon field 

in the fixed point gauge. 

We obtain the following expressions for the power correc­

tions after Borel transform and differentiation over S: 

a)quark condensate contribution: 

.i. 'd"" (o"'~-¥))- - 'l\\c.<~<¥>l.Qt. -2W\~/M'L 
n~ '<1$" ~ - H'4('M~- s)~-tt e_ (8) 

where the factor L"" ~ f(;,._(W'l,./f\V&Jf //\) Y11
'J accounts for the 

- rv 
anomalous dimension of operator('i'<:\-) normalized in point r; 

b) quark-gluon condensate contribution: 

i. ()"'- (o<~&-¥>)-= ~c.is<~~tvG~11f.~>G.'l"' 
h~ ?5"' ~ 2..K11 (\'v\~-s)'~~ 

(9)" 
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)( f 2.W\~ - ~ + (Q~ 2-'Ni~)("'-+lJ 
l ~<i ""-'!.. (\\\~-!>)Ht. 

_i_ 
Q.t. 

- 2...(Y\.-t!.) + \\'\~(\.\-+i)(k.+2..) ?. -2..V'i\t/~t. 
'.)(~~-s) (~~-5.)1. J e 

J. Sum Rules for The Moments of c-Quark 

Distribution in D-Meson 

Let us discuss the physical states contributing to the cor­

relator (1). Represent this correlator in the form of double 

dispersion integral (J) over variables f
1 
... , 'j>~. Instead of f 0 

there stands physical double spectral function: 

f~.., (s1) Sz., ~~'a,.~, S)=: lm5'1. ll'YI$~ 0/'v ( S.,, Sz., \~, ~ 1 s) 
The lowest resonance contribution to J,rv in both t!stl -chan­

nels is given by D0 -meson: 

Pr~ =-Jr't.i~ ~ ~(s1-~)'a(.si.-~~Y\r~ ( ~ j ~) <10> 
where ~'Iv\~ := < O \ (, c Os U \ 'l) > is the matrix element 

determining <])~Ji.~ decay. The amplitude 

Tr~(l\t,p)-= ~Jtix.ei\-X<'iJ\Ttc~f'c<x), "t~ ((o)~ \<D >-=3,.."l':c.(<t,s)+ ... <11 > 

" Q. Q'- . 1. \, ... corresponds at t.o, Q,.
1 

= -v1.-= - , P1 : P1. -::. \'V\'V (in this 

case '\-1-::.<\,L-=C\t, P1 =p1 -=P) to t he fr; I'Ward scattering of virtual 

photon on the c-quark inside D-reson . 

Following to the standard as ~ npti on of SR method [1] .we 

~eplace the total contribution o 1i~~er states in both chan -

nels S4 , 5 1 by the contribution • s quare quark loop from the 

region $1 ~ s-10) $2.~ s'l.. in dispersion integral (3 ). It simply 

means that D-meson contribution is equal to the integral (J) 

over region V\.\~~$1 ~ S10 , M.~~ Si.~ f;, 10 • In is naturally to 

take the same continuum thresholds in both channels: s.o~ $1.0 

The first impression is that amplitude (11) is not connec­

ted with real physics since : 1) we are in unphysical region, 

2)0nly c-quark currents figure in (11) i.e. the virtual 

photon scattering on the light quark of D-meson is not taken 

into account. Nevertheless, the discontinuity of this amplitudp 

in S nonvanishing at positive S. ~ ~~ has a definite physical 

sense. Indeed, in terms of standard deep inelastic scattering 

variables S =. M~ + Qt (Vx. - 1.) where x-=QY2v, V-::.1:\--•P. 
At large enough ~.....,1,.._Q.t. the parton model of D-meson works. Due 

to the additivity of virtual photon scattering cross section on 

separate partons we may relate 1m1"'ewith c-quark distribution 

function. Namely, if we define 

Wr~ = ~ t;:. <'D \ c i~ c. \ x > <. ')( \ e ~11 c \'t) > (i.:tr)'I ~<,.> c ~+a.,, - ~»~) = 

- ( -~)\.,/C. .... ..1_(, -~)( -~) (. t.\ - -:Jr 3~v cyi. W1 (l),Q) +\-rt~ \.Pr <V'- Pv ,... W.,_ (v, G, J 

then at large Q2 , and~ 

2- 'X w..r· = V<!,_c. = x c. (x,Q.'-). (12) 

From the other hand applying the fnmiliar relation between dis­

continuity of the virtual photon forward scattering amplitude 

and structure functions we obtain 

lYn
5 
\,,e.-== - '2.1rW: (v, ~~) ( 13) 

(see e.g. L16]). The other way of arguments leading to (12) 

and (13) is to imagine from the beginning some fictious photon 

which interacts only ~ith c-qu&rk. 
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Making double Borel transform of D-meson contribution in 

?1\ p~ and using <12), <n> we finally obtain at H>M~"' Mi. 

.d..... 'd"" (aci> )= - %~ ~; e-'1.'M~/M~ i.? Ims'\:c(Q.\'t) J~: 
n\ <1$"' ~ ~ 1r J... (~- ~)~1'~ ~ 

..\. 11..g 

,_ " 2..aj",~ (14) 
-: %11 ~ e- ~'" ol X C(X Q.l.) Q.l. rw... .,_ -Q.'-+ ~ -$ ,-...... - '\. 

""" x"" , ' o x ') .: 
0 

If we now choose ~~'M~-Q~ the r.h.s. of (14) immediately trans­
n-h 

forms into the n-th moment of c-quark distribution with ~ 

weight. 

The D-meson contribution to correlator (1) now can be re­

lated with the corresponding QCD representation : 

?~ (o~)I -= (j): lo~ +o~*-t>+ o~~c,"'>1 \ 
!>=~-~'I. d~ ~ ~~1,\£-Q" 

Using expressions (14) and (6), (B), (9) for respectively l.h. 

a, and r.h.s. of this relation we finally obtain SR for the mo-

ments of c-quark distribution: 
.&,. 

K~ = ~Jx · x~-1 c.(X,Q1.) = 
0 . f s... 2.(.s,-~) ~+ 

=~~y.,.,-: iil. ~~~1i .... \ 5°'~ ~0(~1, Q', Q1.'t)I\ 
~c: i-

x(-\.+~ -~/G'-f~-l_ 'Mc.<~..Y>tL +:J"L l 4- 2..~~ -(~+i)~ 
(15) 

x(\+ 2;z)('1- ~!:~~r\ ~(1.-~~c~+~(1.- ~~Q:'zrl-. 

- ~ ("-+~c~+i)( ~ - ~~Q~~ r~11-~ x 

12 
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x(1._- M~-'f\.\~\-\\-'\. -'l.(V>\~-\\\t)/Mt 
Q'- ; e j, 

Recall that we take in (6) an upper limit 5~0 in the integral 

over $~ to account for continuum contribution. In (15) the 

following parametrization was used: 

- t> Cl. A.Q. 'l. -3 5 < ~ G'r11 ~r-> r '\I> = wi o < *' ~ > 
The expressions for ~0> ~"? were given in (5) . 

Looking at SR ( 15) ,we first notice that the region Q. ,_ "'-' 

-~-~~is inaccessible since power corrections blow up there 

(in fact we enter the physical region ~-"'4.~). 

The Bj orken scaling limit Qt.»~ ,fo\~1 l-\ 'I.is well defined: 

' q-t. -'t r ~ (••o r.. 1 -2.(s,-w.i) 
M~ -=-oD ~o lg:rr'-¥.. )~!.1 ~-('M!fsS'· (s1-"°'~)e t-\t -

""t 
rl ~1.. r ~ '"11 _'l.(~~-~~2 -~c<.~~>{_L-+ ~~ Lt.-~-w Je ~i: } 

(16) 

In this limit quark loop contribution dominates. Of course,we 

cannot use limit (16) since at ~~ ·~[(G.'"-+'M.~)/1'1.) "-'1. the 

leading logarithms of QCD perturbation theory become essential 

(see below). Nevertheless we •rgue that there exists an inter­

mediate region where approximate scaling and parton model are 

valid and simultaneously SR(15) work. 

4. The Analysis of Sum Rules and Results 

for c(x.,<;tl.) Distribution 

We have done the numerical analysis of SR( 15) in the rr ·~iofl 

Q. ,_ '>':> W\.... - ~ '-');) e. 

13 



The important circumstance is that in r.h.s. of (15) 

there are no new parameters. Indeed, both ~D~~/'°"'in our aefi­

ni tion and t1'e continuun. threshold 510 are fixed from SR for 

two-current [11} and three-current (4} correlators containing 

c~,.t< current: ca:il. 0.13( -f'D·170MeV), S-10·6 Gev2. The re­

maining parameters are universal and have been corrected many 

times: Mc. ,. 
• 0.8 :!: 0.2 

1. 35 GeV ( ~t.-: + 'MZ); <.~-¥> •-(240 MeV) 3 L 11 • 
Gev2 l.181, f. • 0.5 GeV, /\ .100 MeV 

m;= 

. c: 
The SR(15) are applicable if a stability region on M~ 

exists with respect to the variation of unphysical Borel para­

meter~. Simultaneously in this region: a) the hierarchy of 

power corrections is to be valid i.e. the contributions of 

higher dimension operators are small; b) the continuum contri­

bution is to be suppressed. 

Dependence of the first moment tv\~: ~c:..(x,Q. t)Jx on lfl. follow­

ing from (15) is shown in Fig.) at Q2.20 GeV2 • In the region 

2. 5 ~ ll!i. ~ J. 5 GeV2 stability is evident and both conditions 

a) and b) are valid. The contribution of quark-gluon conden­

sate practically vanishes and simultaneously the continuum con~ 

tribution is less than 35%. The most important result is that 

in this region \-\~':::!\ i.e. the correct absolute normaliEation 

of distribution function is reproduced (one c-quark in a D-me­

son). 

Ti1e total accuracy of SR determined by the contributions 

which have not been taken into account (gluon and higher con­

densates, perturbative ol.,-corrections) plus the uncertainty of 

continuum saturation may be estimated by deviation 1-M~-0(1%) . 

14 
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The sensitivity of M~ to the variation of Q2 up to Q2.10 Gev2 

does not exceed 10%. At lower Q2 as it was noted above scal­

ing violation increases while the power corrections grow up. 

It is interesting to observe that the approximate scaling at 

Q2 ,... 1 O Gev2 is provided by some compensation of nonscaling 

terms from quark loop ar.d power corrections. 

In the same region of lfl. SR(15) predict a stable value of 

the second moment which is the mean momentum of c-quark in D­

meson: ~ • < x>
0 

• 0.85. Unfortunately at n ~3 the contribu­

tion of power terms grow up. Nevertheless we are able to pro­

c·eed taking the ratios of neighbouring moments "Ch.-~ n+1~ • 
Note that predictions of SR for these ratios are independent 

of 'a-ID value and are less sensitive to SR parameters. 

analysis in the approximate scaling region Q2"""' Numerical 

1 O Ge v2 shows 

~lfl.~ 5 GeV2• 

that up to n•4 the "'t.._ values are sLable at 2~ 

In this region ~h. are mainly (up to 80-90%) de­

termined by the quark loop.Q.uark(quark-gluon) condensat9 con~ 

tribution is no more than 10 - 20% (15%) due to cancellations 

in ratios. The continuum contribution is <15%. In Fig.4 de­

pendence of "t..._ on Borel parameter is shown at Q2.1 O and 20GeV2. 
I 

The resulting mean values of · moments obtained from "<."-at M~·1 

are presented in Table 1. Note that · M~ coincides with the va­

lue derived directly from (15) in absolute normaliEation. 

The large (""'1) values of M~ obtained from QCD SR confirm 

the c-quark leading effect. The origin of this effect in our 

approach is in fact due to an approximate duality of D-meson 

to the quark loop in the region 5 1"-' ~t."' ~i . Indeed, if n 
- ' ~ ,, )t free auark pair e 'l4 hAR an invariant mass squared-~""1.\1\o\,-+f" 

1'i 



the energy momentum conservation immediately dictates that in 

the infinite momentum frame 
'L ~'l.. 

(M.c..-'tf)t..rv ~ +-.r-
'X 1-X 

where x is the part of momentum carried by c-quark. From this 

rela tion <.X>c.-il-/'~. If we restrict by the quark loop contri­

bution to SR given by (5), ( G) , it is easy to reproduce t he 

c(x) di stribution itself. This di stribution is determined by 

t he discontinuity of Fi g. 1a diagram in s after Borel trans­

form and continuum subtraction. Up to now we used the inte­

gral of this discontinuity. The resulting distribution in the 

limit Gt'>>r.oi~ has the following simple form: 

'1 1. 1\-\'I.) 
~M 2.(W111- x' /M"-f l.. r'-xJ] "l.. 

c(x)~32..f1.~~r4 Q L1.-\- ~~ 9 f)(><.- ~:) (17) 

1. • 
This di stribution is shown in Fig.5 at \.\'\.=-~ and Q. .. 20GeV". 

The boundary at small x is purely kinematical and corres -

pond fl t o the upper limit 51 ::. S-1 0 of the C ii -mass. In fact thl 

X "-'O r egion is saturated by higher terms of operator product 

expai::..ii on including gluon condensate contribution. Recall that 

our ·"' c. ult for the integral fcCx)Jx indicates that these omi4'­

ted c~ntributions are inessential. The distribution (17) is 

i.n " ;wl cable at X~-\.-~ c since nt X_,,1.. the contribut _on of qu­

E.rk ( ·11l.ensPte s s ub ntP.ntinJ J;y i ncreases. Really, the inter­

Hci i.o: of C'Li" -pair wi t h qunrk condensate takes place in the 

1 ~r'Ol t. w'ien e.J 1 t he external momentum is cnrried by heavy quark 

. 1..Ye . It i. s i mportant t hat t he quark conuensate.(.~'\'>which 

vive•1 ,'e next contrilou tior after quark loop enhances the c-

J ending effe ct ill Q- meson. 

16 

~ 

r 

Let us summarime the results. SR (15) provide approxi­

mate scaling in the region Q.1A.10 GeV2 and reliably predict a 

few moments of distribution function c(x). In the region 

M~10<)<<.{.-Jc/~c; this distribution is well described by quark 

loop contribution. 

5. The c-Quark Distribution in D- Meson 

and Soft Processes 

Unfortunately we cannot compare obtained results with ex­

periment since deep inelastic scattering on D-meson is impos­

sible. Nevertheless the information about c-quar~ distribu -

tion in D-meson is useful from the point of view of soft pro­

cesses with charmed hadrons. Two following remarks illustrate 

this conjecture. 

1. The c-quark leading effect means that a share of light 

quarks and gluons in D-meson is no more than 10 - 15% of total 

momentum. Therefore the ladders of light partons inside fast 

D-meson are much less developed as compared with light mesons. 

Since charmed hadron interaction with nucleons are mainly due 

to these light partons, we come to conclusion that the mean 

inelasticity of this interaction is at same level of 10 - 15% 
' (see also [19]). This circ~stance is important e.g. for the 

analysis of anomalously long flying· cascades in matter whic~ 

at high energies might be generated by heavy hadrons • 

2. One of the universal models of soft processes formulated 

in terms of partons is the quark-gluon string model (1J,14). 

In this model c(x) distribution in D-meson is parametrized as 

(1J} 
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( 
y.t.t(o) ( )-~(o) 

C(X)-::. A..:X) 9(t-X)-+ ~~X e(x-4_) (20) 

Using the obtained values of c(x) moments we are able to ex -

tract the Regge trajectory intersepts: 

oLrCo).0.2 ~ o.5; ol.,~,lo)·-+<2.0 - 3.0). The value of o(+( o) 

is very; important since there is no independent information 

on this parameter from soft processes. Recall that ol.~o) deter+ 

mines the inclusive spectra of charmed hadrons in the frame­

work of quark-gluon string model [20}. Of course we must keep 

in mind that the distribution (20) is not normalised at high 

Q
2 but rather at some soft process scale. Nevertheless takine 

into account the "poorness" of light quark-gluon sea in D­

meson we may argue that difference between c-quark-parton and 

"structure" c-quark is inessential. 

6. QCD- Evolution and the Moments of 

Fragmentation Function of c-Quark into 

D-Meson 

The c-quark distribution moments obtained from SR are in-
' 2 applicable at large Q since we have not taken into account 

gluon radiation and absorption in deep inelastic scattering 

proce&s. In terms of initial correlator (1) this radiation 

corresponds to virtual g!uol! insertions into the quark loop. 

These diagrams are r.alculable in the framework of QCD pertur­

bation theory. 

Here we must distinguish between two essential effects. 

First is the effect of O(ot.~)correction~ to correlator (1) at 
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moderate Q2• The calculation of these corrections would im -

prove the accuracy of SR by a few percents. This problem is 

however out of the scape of this paper. 

The second effect is essential at large Q2 when the lea~­

ing logarithms""~s~"'-~-+Q.':) are sunnned up. In fact the proble~ 
is easily solved using standard QCD evolution equations and ta­

king as an initial conditions the moments ~ calculated from sa. 
The evolution equations can be written in the form 

(') (~· ~·)(~< ~... ~\ 0 ,a. "' 
Q~-t: k~ =-~c:~) O~ ~~~ =it~ M~ I (21) 

~~ ~, ~~ ~~ M~ 

\.\ ~ 2.. (see e.g. ( 211). Here ~(~) is the moment of gluon dis­

tribution (sum of the moments of all quark and antiquark dis­

tributions besides C) in D-meson. ~ \\., r '1,8') r(a\t I d' CS~ 
are standard anomalous dimensions. In leading logarithm ap­

proximation we neglect the difference between splitting func­

tions of heayY and light quarks. From the results obtained 

Q'\ -~ h' " < above it follows that at ""'10 Gev- l"lt.-+\o\l.:: -l.-Ht. ~ 1 O - 15%. 

Hence the initial momenta \.\~(G~),H~(Q.!) may be neglected in 

the solution of (21) as compared with \.\~(G.!). Resultin~ values 

of µ~(Q') at different Q'L are presented in Table 2. The de­

pendence on the initial point of evolution taken in the region 

Q'l. "- 1 O - 20 Gev2 is inessential. Note that even at Q.'-:: 1 o4 

Gev2 the part of momentum carried by c-quark is still >,:. o. 5. 

We now use the. familiar relation ( 7] between _structure 

function of deep inelastic scattering and structure function , 

1 ::1 · 



of inclusive annihilation. In the scaling limit this relation 

allows to equate c(x,Q2 ) moments to the moments of fragmenta­

tion function of c-quark into a D-meson: 

where 

~ ~ s c.(x}Q.1.) x"'- .... olx-:;: j "DC.(~JQ.l.) ~1.-io(~ I .. 
0 

1>c(~,Q.'):: 1. ole>c ((z+e--">2>+ ... ) 
0"e(a;.e--.'2)+ .. :) d-t. 

(22) 

(23) 

c.,.. f.p/E. is the part of c-quark energy in e + e- annihilation 

(E~./Ci7''2...)carried by D-meson. Subscript c in (23) denotes 

the main part of inclusive cross section of D-meson production 

in e+e--.cC.: process. Note that (22) is in fact a more general 

condition than direct relation l7} between structure functionB. 

We conclude that the values presented in Table 2 are in 

fact the values of moments of fragmentation function (23). ·The 

second moment M~•<z~ reflects the c-qua:t'k leading effect 

in D-meson production. In particular, the value < T ~ • O. 71 

at Qt.•103Gev2 can be comp~red with the experimental result 

<=t>:z> .o.6 ! 0.1 (see e.g. (a}> measured at E • 15 GeV. Note 

that the last number corresponds to the sum of D-meson spectra 

from e+e- ,D ·+ ••• and e+e- - · D* + ••• · Therefore complete 

comparison wit~ experiment .will be possible after calculation 

of D* fragmentation function moments. Detailed experimental da-

ta are needed as well. 

.Using the arguments presented , above one may independently 

be convinced that the e+e-:.cc: process is . the main source of 

leading )-mesons wi th ~ "-{ • As it was realized above the mean 
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part of D0 -momentum carried by lig;1t i( -quark <. X>"-~ i-<X)c~ 

0.10 - 0.15. After evolution this value may only decrease. In 

analogy with (22) we may argue that<. X>« is equal to the mean 

part of ii -quark energy carried by D0 -meson generated in e+e­

_,.·ui;c process. The la.st argument proofs the statement. 

Having at our disposal a few first moments of c - D fra.g 

mentation functiQn we may fix the parameters <leterminjng this 

function in a given hadroniza.tion model e p, . i n t he f'Ulliliar 

model suggested in [151. 

D~ C ~ ""' (,._: ~ + {- - 1. f 2. (24) 

rhe value <-? ~ .o. 71 (at 2E .. 32 GeV) obtained from SR corres­

ponds to Cc .. 0.035 or J" =250 ~leV (parrunetrizing Et:-=-(}i/l'v<,_/). 
The higher moments (24) at this choice of Ee. are: M~ • 0. 54, 

M~ • 0.42. These values are 5 - 10% lower than corresponding 

hir~er moments obtained from 3R(see Table 2). 

Recall that '.:18 correct treatment of heavy quark frae;menta­

tion is to be done in two stages l12 l 
-i. 

1)((-e)-::: SJ.:,._ D\-ic)W~(~ .. ) (25) 
t c. 

where 15c.(~) accounts for hard gluon bremsstrahl unr; by c-ri1.1ark 

~nd is calculated in leading logarithm approxi nation of QC~ per-

turbation theory. The second stage is soft hadronization which 

is described by 'llJ~. 

Using SR we moove as if in opposite direction. We start 

from D-meson itsel~ and fix its parton structure. Then we con-

sider evolution of this structure caused by gluo~ radiation up 

to 
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to the scale Q2• Therefore it is interesting to compare the 

results of two approaches. For this purpose we use the factori­

zation of moments following from (25): 
'1.. 

k~: l ~De.Ct .. ) ~~-~J~,j H~ 
where ~ 

M~ =- ) w<j) ex) x~~1.. ot x 
0 

Taking the expression for 1)c(i,G.t-) given in [12} as well as 
'D 

the ~ values from Table 2 we obtain that moments \-\h are al-

most independent of Q2• It means that according to expectations 

the energy dependence of fragl'lentation is due to hard gluon ra­

diation. The values of soft hadronization function moments 
• 'l> 'D '2) 

turn out to be tv\'2. • 0.92, ~~· 0.85, tv\'1• 0.79. 

These values 'unequivocally confirm the "soft decoloration 

hypothesis suggpsted by authors of L12}. A~cording to this 

hypothesis the influence of soft hadronizat i on on the heavy 

meson spectrum is almost inessential. If we now parametrize \:/Ju 
in the form (24) and account for ,..,, 10% uncertainty from evo­

lution, then f.'Z>•6.10- 4 + 5. 10-3 or j< •30+ 100 MeV at 

E~--(fa/l'o\c. )'i.. 
Note that in two stage picture of fragmentation (bremsstrah­

ilung plus hadronization) there is always some uncertainty of 

where the gluon radiation becomes hard. Our approach is able 

to avoid this problem. In fact we obtain the moments of total 

fragmentation function l>c(~) directly comparable with experi­

nent. 
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7. The Parton Structure of B-Meson 

In all expressions presented above we can replace C:.-'t i 

and immediately obtain analogous rasults for b-quark parton 

distribution in pseudoscalar B-meson. 

Following ~4; 111 we choose 'v\\1.(Y\..~~~:4.8 Gev,i,-0.027 

( .q..'O • 130 MeV), C:.~0 •33Gev2. The approximate scaling region 

Q.'L ::» ~~ - Mt as well as the stability region over Borel 

mass naturally aisplac·e above (6~ \--\,_ ~ 10 GeV
2

, Q
2

-.,30 - 70 

Gev2). The values of power corrections in the b-quark case 

are less. Quark-gluon condensate contribution to the ratios 

of b(x) moments doesn't exceed 5%. In Table 1 the moments tv\t 
are presented at Q2 • 70 GeV2• Note that SR predict that momenis 

approach to unit while quark uass increases. 

the following relation is valid. 

Simultaneously 

(1. - <X>,)Mc.-:::: (i- <:'X~)VV\,~J< ~150 + 250 MeV 

The evolution of b-quark distribution moments leads to the mo-

ments of b-.B fragmentation function presented in Table 2. Un­

certainty emerging _when light quark and gluon contributions 

to evolution initial conditions are neglected is no more than 

5%. The value (-i:>I!> • 0.85 at Q2 -_ 103 Gev2 may be compared 

with experiment:~~:>~• O. 8 ! o. 03 at E •15 GeV l81. <.~~ .o. 85 

corresponds to t( .3.5.10-3 ( f' • 280 MeV) for fragmentation 

' function in the form (24). For this choice of tg : }-\:!> .o. 75 
g 

\--\~ • 0.66 in good agreement with corresponding moments pre-

sented in c~ble 2. Using two-stage pattern of fragmentation 

l121 as in the case of c-quark we may extract energy indepen­

dent moments of soft hadronization function: 
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u~ ~ . • 
\'\'l. • 0.94, K~ = 0.90 I K~ =0.86 

Vie conclude that"soft decoloration" is more pronounced for 

heavier quark. These three moments are well described by func­

tion (24) at e,. 3.10-4 ( .}< • 80 /;!eV at Ee,=<}</"f.".o. )'L). 

Conclusion 

The further development is possible in two directions. 

First, it is important to calculate the contributions of higher 

terms of operator product expansion including perturbative 

(nonlogarithmic) corrections. This calculation would substan -

tially improve our results. Second, it is possible to use the 

suggested method for other heavy hadrons ( D* , /\c, B*, "-ir ... ) 
and to feel the difference between parton structures of vari -

ous hadrons containing the same heavy quark. Up to now the mo­

dels similar to. [15] were not sensitive to t.his difference. 

For detailed comparison with experiment data on separate reac~ 

tions e+e-_. D + ••• , D* + ••• are needed at different energies 

up to E • 50 GeV (SLC, LEP). 

The authors are deeply indebted to B,L.Ioffe for stimula­

ting discussion and to Ya.I.Azimov, Yu.L.Dokshitzer and V.A. 

Khoze for valuable comments. 
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Table 1. The moments of c(b)-quark distribution in D(B)-meson 

~ M~ 
n Q2=10GeV2 Q2=20GeV2 Q2=70GeV2 

2 0,895 0,85 0,94 

3 0,83 0,75 0.89 

4 0.78 0.675 0.85 

5 0.74 0.6I 0 .BT 

Table 2. The moments of c(b)-quark fragmentation function into 

D(B)-meson. 

Q2 ~ (Q2 = 10GeV2 (20GeV2 ~ z,;b (Q 2 = 70GeV2) 
0 n o 

~103GeV~ n=2 n=J n=4 n=2 n=3 n·· 4 

0.5 0.72(0.72) 0.60(0.58) 0.52(0.49) 0.86 o.n 0.70 

I.O 0 .7I(O .7I) 0.58(0.56) 0.49(0.46) 0.85 0.74 0 .67 

3.0 0.68(0.68) 0 .54(0 .53) 0.45(0.43) O.RO 0.70 0.62 

5.0 0 .67(0 .66) 0 .53(0 .SI) 0 .44(0 .4T) 0.78 0.68 0.60 

TO .O 0 .65(0,65) 0 .5HO .49) 0 .42(0 .40) 0.76 0.66 0.58 
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Figure Captions 

Fig.1. QCD diagrams corresponding to correlator (1). Thick 

(thin) lines denote heavy (light) quarks,dashed lines 

are gluons. a) diagram of quark loop; b)c)-diagrams · 

corresponding to quark and quark-gluon condensates. 

Fig.2. D-meson resonance contribution to correlator (1). 

Fig. J. Solid line is the value of the first moment h~ ~fc.Q<,Q.'")JX 
of c-quark distribution in D-meson following from 

sum rules (15) as a function of Borel parameter M
2

• 

Dashed line is the quark loop contribution; dash-dotted 

(dotted) line is quark {qu~rk-gluon) condensate contri­

bution. In the region leftward of the arrow the contin 

um contribution is < 35%. 

Fig.4. The ratios of moments of c-quark distribution in D-meson 
c. /, ~ 

't\\::::M"'+lt.,_~as functions of Borel parameter M
2

• The cur-

ves a (b) correspond to Q2.10(20) GeV2• In the inter-

val between arrows both quark-gluon condensate and con­

tinµum contribution is < 15%. 

Fig.5. c-quark distribution in D-meson following from· SR in 

the approximation of quark loop at Q
2 • 20 GeV

2
,i!.mii. 
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