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Twist-2 heavy flavor contributions to the structure function g,(x,Q?)
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The twist-2 heavy flavor contributions to the polarized structure funagis(x,Q?) are calculated in the
covariant parton. We show that this partga{x,Q?) is related to the heavy flavor contributiondg(x,Q?) by
the Wandzura-Wilczek relation, neglecting power corrections, to all orders in the strong coupling constant.
Numerical results are presented.
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I. INTRODUCTION matrix elements in the Bjorken limit for deeply inelastic scat-
tering were investigated ifiL3]. The forward Compton am-
Heavy flavor contributions to polarized and unpolarizedplitude is expressed by operator matrix elements of vector
deep inelastic structure functions due to charm- and bottomPperators. However, one usually parameterizes it in terms of
quark production cause different scaling violations if com-Scalar operator matrix elements to which the parton distribu-
pared to those due to massless partons. Moreover it is know#Pns correspond. Therefore relations between the operator
that in certain phase space regionscand Q2 these contri- matrix elements of the vector and scalar operators are im-

butions can be largid]. Reliable determinations of the QcD Plied, which form the origin of the Wandzura-Wilczek rela-
: tion and other integral relationi8,10]. The absence of the
scaleA ocp therefore require a careful account of the heavy pical integral terms e.g. in the Callan-Grdad] relation is

oo ; y
I{?:&?o%(;nlinbl(]:(logzs). lgnt(;‘)e(IfazieQO;)trtfeu?Vsizlt"flnggmsrtirbuuc_turémerely the exception and caused by a cancellation of the
2L EA former. Also semi-inclusive processes such as diffractive

tions withQQ final statesQ=c,b, were calculated to next- scattering have been investigated with respect to the emer-
to-leading order(NLO) [2,3]. For polarized deep-inelastic gence of Callan-Gross and Wandzura-Wilczek relat[dis.
scattering only the leading order corrections are known folathough the variables change, the Wandzura-Wilczek rela-
the structure functiorg;(x,Q?) at presenf4]. All correc- tion relates the twist-2 contributions (gxiiiffr(x’XP,QZ) to
tior_13 mentioned aboye have l_aeen calcula_ted_ using mass faggim(x,xp ,Q?) independently of the value fotm. For for-
torization. As shown ifi5—8] this method fails in the case of 54 scattering integral relations of a similar kind were also
the polarized str.uctyre _funct|ons which aIready emerge fofestablished for other structure functions and matrix elements
transverse polarization in the massless quark limit. The '®316] and for the fermionic twist-3 contributions [11.0].

son for this lies in a violation of covariance due to the omis- In the present paper we calculate the heavy flavor twist-2
sion of contributions proportional t8-k, whereS denotes contribution to the structure functiog,(x,Q2). We show

thel spFi{n ;/ec(tso; O.f the nu%leon arl]{dhehparton lé(l—momentu_rl?. that the Wandzura-Wilczek relation holds in this case also
n Refs.[6,7] it was shown that the quarkonic contribu- and present numerical predictions.

tions to the transverse structure functions can be correctly
obtained using the covariant parton model. The results in this II. LONGITUDINAL GLUON POLARIZATION

approach are identical to those derived in the local light-cone

expansion, cf[9,8], for massless quarks on the level of the =~ The hadronic tensor of the polarized part of thb
twist-2 contributions. In particular the twist-2 part of Scattering cross section in the case of pure photon exchange
0,(x,Q?) is obtained by the Wandzura-Wilczek relation. The reads

effect of quark masses for quarkonic matrix elements was q's’
further investigated in Ref.10] using the method of11]. Wify):iswm—gl(xin)
Also in this case the Wandzura-Wilczek relation was found P-q

to hold, irrespective of the values of the quark masses cho-

sen. In[10,12 the target mass corrections to the quarkonic +i
contributions tag,(x,Q?) and the other four polarized struc-

ture functions[10] were studied. Again the Wandzura-

Wilczek relation was found to hold relating the twist-2 con-

tributions of g;(x,Q?) and g,(x,Q?). In a more general The corresponding expressions in the case of additional weak
approach the amplitudes which contribute to the quarkoniboson exchange are given [ih0].

gMp-qS"—S-qp”)
(p-q)?

g2(x,Q%). (1)

8/.1,1/)\(7
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S, denotes the nucleon spin vectprthe nucleon momen- o) ) ) a(Q?) [1dy
tum, andq the vector of the 4-momentum transfer, wigi? 91 “(x,Q%) =2€q 27 Jaxy
=—q? andx=Q?/(2p-q). The polarized part of the scat-

tering cross section for longitudinal nucleon polarizatin — X
integrated over the azimuthal angle is xcng y’Mé’QZ AG(y.Q?) (6)
d?0(N,=S)) o? 2xyM? with
———————=*27S— | - 2\y| 2—y—
dxdy Q4 S - 1 1+8
2012 CeAzQY=5 B(3—4z>—<1—2z)lnm} @)
X xg1(x,Q%) +8\ S gz(x,Qz)} _ S
and AG(x,Q?) the polarized gluon distribution. Helge de-

(2)  notes the threshold=1+4Mé/Q2, eq the charge of the

produced heavy quarks, amtlis the cms velocity
Correspondingly, for transversely polarized nucleons one ob-

tains 4|\/|é 7

B=1/1
d3a(\, + )_+Sa22 MZ\/
dxdyasp g+ Vs VY

X cog x— ¢)[ — 2 yX gy (X, Q?)
—4Axgy(x,Q?)]. (©))

®

Q2 1-z

of the final state quarks, with
Be{0,1-4MEX/[Q?(1—x)]}. Equation(6) defines the LO
twist-2 contribution tog®?(x,Q?).% Note that

1/a —
Qs M2 A2y
Jl) dz(ﬁ1 (z,M5,Q%)=0, 9

Here M is the nucleon mass$ the cms energyg the fine
structure constanty=2p-qg/S, \ is the degree of lepton
polarization andS; the degree of hadronic transverse polar-cf. [17], which leads to a positive and a negative branch of
ization, y denotes the azimuthal angle associated v@h the structure functiog??(x,Q?) in leading order for a posi-
[Eq. (10)], and g;(x,Q?) and g,(x,Q?) are the polarized tive definite polarized gluon densityG(x,Q?) (see Fig. 2a
structure functions which contribute in this case. below). In this order also the first moment g‘fQ(x,QZ)
The heavy flavor contributions to the longitudinal and vanishes, since the right-hand si@@HS) of Eq. (6) is a
transverse differential scattering cross sections are obtain@a|iin convolution of two functions with the support of
in calculating th rr ndin ntribution h lar- oo .
ize((;as?uiiurge }uic(t:i%ngj?z(gz) %:ggz()t()’u(tg%‘s fo the pola C§A(z,M3,Q%), whereze[0,1&]. Equation(9) also holds
Let us consider the sub-system hadronic tensor for photofor the gluonic contribution toCSlQ(z,Mé,Qz) in the

interactions with on-shell initial state partons asymptotic IimitQ2>Mé in NLO [3]. For quarkonic initial

. states this relation does not hdlske[18]).
w_ ' P gParto 2 The choice of the collinear factorization leads to difficul-
WMV .ks,uvpa q S gl r(Z!Q ) . . .. . .
q ties in deriving the correct twist-2 terms in the case of struc-
s-q ture functions which also contain twist-3 contributions in the
s’ — _qpku)ggartoqz,QZ)]. (4)  limit of vanishing mass scales, such as(x,Q?) and
q-k 93(x,Q?) in the case of electroweak currents. This was ex-
) . o ) _ tensively studied in the pa$¥,8,10 using the light-cone
In assuming that the gluon is longitudinally polarized, i.e.expansion and comparing the results to those being obtained

+

parallel to the protorand parton 4-momentum in parton-model approachddn Refs.[5-7] it was shown
that for fermionic contributions to the polarized structure
Su=£15,= &K, (3 functions the well-known results coming from the light-cone

) ) _expansion(see e.g[8]) can be obtained if one refers to the
with k=zp, the sub-system hadronic tensor of the polarizaqyariant parton modetf. [19]). This is due to the fact that
tion asymmetry(4) receives purelyalgggnu.dmal contribu-  he kinematic assumptiofs) which neglects all parton mo-
tions, since the term proportional g8"""vanishes. Clearly, menta in the transverse direction is in conflict with the fact

Eq. (5) is a special model assumption which does not dethat the nucleon spin vector has both transverse and longitu-
scribe the general case being discussed in Sec. Ill. However,

it is possible to derive in this approximation the correct ex-
pression for the coefficient functioﬁngQ at twist 2 which Note that mass-scale effects may introduce twist-3 contributions

. . 00 2 . to the structure functioy;(x,Q?) as well, as has been shown for
contrll:.)utes to the structure fuhctlcgf (x,ZQ ). At. leading target mass corrections in RELO]
order in ag the structure fUﬂCthﬂ}]?Q(X,Q ) receives only 3For a review of earlier results see the comparison given in Ref.

gluonic contributions and is obtained [g§ [8].
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dinal components. This may have impact on predictions of V(p-k)%k>—M?k*=N. (13
relations between the moments of polarized structure func-

tions, the Burkhardt-Cottingham sum rJi20—-22 or inte-  The following relations are obtained:
gral relations between these functions. In the following we

will therefore refer to a general orientation of the parton spin 1

vector and use the covariant parton model instead of the S-S=Np~k5-k,
collinear approach.

. 2 .
IIl. THE GENERAL CASE ﬂzip.k 1 Kpa (14)
g-k N p-kqg-k
We now consider the polarization asymmetry of the had-
ronic tensor\NﬁLAV) for a general nucleon spin vect&;, and  We now define
general gluon spin vecta, , respectively. The nucleon spin
vector obeys Mp-k S ko ) )
Af=—g— (Fe—f)=—=1(p%p-kk9 (19
S,P#=0, S*=Sf+5, M
S=(0;0,0M), and construct the sub-system hadronic tewsﬁ),’(p,q,k,s)
for single photon exchange and general values of the virtu-
S*=M(0;cosy,siny,0). (10) ality k2. The Lorentz structure is determined by the Levi-
Civita symbol contracted with two 4-vectors of the problem.
The latter two relations hold in the nucleon rest frame. wﬁfv)(p,q,k,s) obeys the representation
The polarization asymmetry of the hadronic tensor reads
) S Mp- o 8 k?p#] . G
WA@p.9)= [ dHf.(p.kS) WP ARSI e e g i | 4 L9 0]
k?p-q |-
—f_(p,k (A ks). (11 — QKA1 ————
(p.k,S)Iw,(p.a.k,s). (11 A"k’ 1= k|92
The nucleon spirS is assumed to entgdl) linearly as is 2
usually the case in single photon-fermion interacti?3]. + ke kP — —kpﬁ {)]_ (16)
Here, k denotes the gluon 4-momentum. The gluon distribu- P
tion functionsf .. (p,k,S) refer to opposite proton spin direc- . ) .
tions and are supposed to be twist-2 parton distribution funcd & hadronic tensor is thus given by
tions in the present paper. The sub-system hadronic tensor _
asymmetryw(p,q,k,s) depends in addition on the virtual A _ PP 5
photon momgntum exchangegl,and the gluonic momentum W (4.p.5)= Mzgwaﬁ’ d*kf(p%.p-k,k%)
and spin vectors,, obeys ,
. R k p-q -
p-k k? x—[ “kﬂ( +— )
s, = k,— —p (12) a-k| TN gkpk??
H ’(p-k)zkz—M2k4 H pk M
qakaZ . . ~ kapﬁkZA L
with s-k=0, k-k=—k?. For the construction of the gluon W(gl 92) pk | (17

spin vector we refer tdiadronicvectors only and not to any

leptonic vector. This appears to us as the natural choice d4ereg;=g;(q2,q-k,k?) ando =0v(qg?,q-k,k?) denote the re-

scribing properties of hadronic amplitudes in tb@variant

parton model Here the nucleon spin vect@, cannot be

used since the hadronic tensor should depen8 phinearly

[see Eq.15)]. Other author$24] refer to a leptonic vector,

q,, instead of the nucleon momentupr}a.4 .
We consider general values of the gluon virtualk, W(A)(q p S):'_g Jd4ks' k[qakﬁ

which is assumed to be sufficiently damped by the difference ~ #*" " M2 #P

of the distribution functions . (p,k,S) ask?—,0 in order

spective sub-system structure functions. The function
emerges fok?#0.
For later use we rewrite Eq17) as

da; dbq
ap-k dq-k

to keep(11) a well defined relation. Let us denote +p-q dag b, }Jr anB dag dbs
ap-k dq-k ap-k dq-k
“The objective in[24] is to calculate the coefficient functions + da, by +koph %8s (9_b5] (18)
under this assumption. One can show using their results that the dp-k dq-k ap-k aq-k|’
coefficient function of the structure functiap is in agreement with
Eq. (7) in the limit k>—0. where
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da,

— 2
o1 (%P k),

93

2
apk pkf(p ,p-k,k7) for

(9b

1 -k,k?),

b,

_ N (a2 Q. 2
aq.k—(q.k)zgz(q .q-k,k%),

s 1. ,
ok g (ahakk),

The functions a;=
will be used in Eq.(42).

The tensor structure in E@L7) is yet different from that
in Eqg. (1). To determine the structure functiogs(x,Q?) a
tensor decomposition in terms of the outer varialpgs and

Sis performed:

i=2,...

(19

5, (20

(21)

(22)

(23

(24)

(29

ai(pz,p~ k,k?) and b;=b;(a%q-k,k?

WWMDS%-Z prapd“SLIET+157+pPIT+pPag]

+ WSMMBSTpBK‘”, (26)
with
0:=A:0°"+Bpfp7+C10Pq"
+Dy(pPq7+p7gP), 27
kPkk2p- O -
|BT=fd4k—f- =A,0°"+B,pPp”
2 (q-K)2p K 92=A29 2P"P
+C,0°q7+D,(pPa ™+ p'g”h), (28)
Ji= fd“k Kk f.9,=E,p"+H,q" 29
1= p-Kq-K “01=E1p 19" (29
Ji= fd“k Kk f.9,=E,p™+H,q" 30
2= p-kg-K "g2=E2p 29", (30

k2kK™,
p-kg-k

Kam= — f d*k

D,(p“q"+q“p").

foo= A0 +B,p*p"+C,q%q"

(31

PHYSICAL REVIEW D68, 114004 (2003

The contributions due t8, ,,C; 5,E;,,B, andD,, vanish.

A, has to vanish because of current conservation. Therefore

W is given by
W(A)(q p.S)= VB & uvapd*SPLAL+A;]

i
+ Wsuvaﬁqapﬁs'q[Dl+D2+ Hl

+H,+C,]. (32

The coefficientsA; ,,D,,,H; , andC, read

K ?(p-k2  (pk]y .
= 4 — .
s fd k_2(q-k) 2(p-q)%(q-k) (P-Q) o
(33
[ 40n. 212N,
Azzfd“k k (pzq) q°k“(p-k) i
12(9-K)“(p-k)  2(p-a)(g-k)
K T.g 34
) (39
k? 39%(p-k)?
= 4 — —
D: Jdk 2(p-a)(a-k)  2(p-g)%(q-k)
2(p-K) |~ ~
+ f-g4, 35)
(-] & (
k* 39%k?(p-k)
D,= | d*| — -
? J 2(p-k)(q-K)2  2(p-9)%(q-k)?
+—2k2 T.9 36
pa@k| % (36
, K2 .
Hf‘fdkmuxqmr%’ 37
K2 .
= — M .
i fd a9 8
K2(p-k) ~ -
Cc,=— | d*k———F0. 39
f (p-9a-k) (

We finally obtain the following representations for
91(x,Q% andg,(x,Q?):

91(x,Q%) +72(x,Q?)
p-q
= W[Aﬁ"-\z]

[ a2

k*  d*(p-k?  pkj .
+ f-oq
20k 2q-k(p-q)2 P

114004-4
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k*p-q . q%k?p-k k?
2(q-K)%p-k  2p-q(g-k)? d-K

2. 1)2 T oA
:f d4k[q (p-k) ‘p"‘r 91

7 éz]

2q-kp-q M2
k2
+f dﬂ((&)‘bl(k,p,q),
(p- q)2
ga(X, QZ)—_[A1+A2]+ ———[D1+Dy+H;
+H,+C,]

fd“kp q
M2
9’k?p-k |~ . p-kk?
(9-k)°p-q

92(p-k)? T-9
_ 4 _ .
_fdk[ a-kp-q +p-k VE

+fd4kg

k*  g*(p-k)? pk~f
9K qk(pq? P

2
— | Pa(k,p,q).

Here the functionsb, 4(k,p,q) are finite ak’—0.

(40

J1

(41)

IV. REPRESENTATION OF THE STRUCTURE FUNCTIONS

IN TERMS OF A GENERATING FUNCTIONAL

Equivalently to the representation of the polarized struc-
ture functions in the previous section one may represent
them by referring to a generating functioralhe hadronic

tensor can be written as functions of the form

Fi(pz,p-q.q2)=f d*ka;(p? p-k-k?)bi(g%,g-kk?),

where the functions; represent the parts depending pn
andk andb; have a dependence grandk only. As shown in
the foregoing this separation is possible by accounting for

other factors that do not depend knHeref belongs to the
former andg;, g,, ando to the latter in addition to scalar

products.

The partial derivatives df by g andp can be represented

(42

by partial derivatives of the functioresandb as follows:

SThis case was studied before for polarized light quarks in the
which is given by

presence of an on-shell condition in RE3).

114004-5
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JdF i JF
qU‘ aqz

k i +2 e (43
an.k ql)'aq 1

= j d*ka-

JF JF
+ 2pu'_2
ap

— (44)

IF P?F 9?F

O\ ap-q PP Ip%ap-q SPRe )N 3929p-q
9’F 9°F

aa ab

ab
— = @y
aq

The following structures contribute to the polarized part of
the hadronic tensor:

b

a A LM e O
e B

2

:S,Lwaﬁq |:Sﬂ_ qu ' (46)

ap-q a(p-q)?

da db

sﬂ,,,wp"‘S)\f d*KKKT —— ——

ap-k dq-k

9°F

S7 o +2S-qq”
ap-q qaq

= S;LVCYO'p

a(p-q)?

Jda ab

0K 302 (47)

—2g°S, J d*kk ——

B 4,
Y L

IF
Ao (48)

:guvaﬁq p ap q
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WA i} Sﬁ{ oF1 IF } with
wr (@S = g st 3 5057q) TP Up.q) D (x QZ)Z(ID'Q)2 dFstFy—Fo)  &Fs
) ) ' M?2 d(p-q) a(p-q)dg?
isqpf 0°Fq . 9°F,
ap-a)? " a(p-q)? o[ gy Sk 85 dbs
2| d%k . (55
S-q dp-k 9g2
52(F3+ F4) B 5
+ a(p-q)? P a(p-q)ag? Let us investigate the structure of the functidn(x,Q?)
more closely. To do this we refer to Eqgl6)—(48) from
Sk dag dbsg which follows
—-J. h— —| . (49
S+ 9(p-q) aq° &_':'zf 4ks;kﬂ.b (56)
Jp-q Sqap-k
Comparison with Eq(1) yields the following expressions for .
the structure functions: One notices that
F F A K o ke2 s (57)
p-q| dF; dF» =— or k=2,..., )
X,Q%) +ga(X, 2=—[ +p- } 50 dp-k  p-k
91(X,Q%) +92(x,Q%) vz |apq TP %5pg (50)
The remainder terms contributing t(x,Q?) result from
(p-q)?[ *F, PF, Eqg. (48). Using Egs.(56), (57) one thus concludes that

+p-q ®(x,Q?) obeys the representation
M? | a(p-q)? a(p-q)? )

k
CD(X,QZ)Z d4k(_) ¢(p'k,Q'k,p2,q2,k2), (58)
. P (Fa+ |:24) o 9°Fsg : f Q2
a(p-q) ap-qdq

_Zj d4k5;k 98s ﬂ_b5
S-qp-q gg?|

gZ(XvQZ) =

where ¢(p-k,q-k,p?,g2,k?) is finite for k?>—0.

(51 V. THE RELATION BETWEEN g;(x,Q2) AND g,(x,Q?)

In Egs. (40), (41), (50), (51) the virtuality of the gluon
We now separate the finite contributions to the polarizedield is revealed by power corrections ik*(Q?)'. These
structure functions in the limk?—0 from those that vanish. functions are not yet projected onto the twist-2

We consider contributions® Any kind of partonic approach is valid onlf
g the partonic virtualitie?® obey
T X(02(x,.Q%) +92(x,Q) 1} [k?|<Q?. (59
5 ) 5 This is an analogous condition to the requirement that the
(P97 Fy P L parton lifetime has to be much larger than the interaction
M2 | d(p-q)? P-q ap-q)?2 9(p-q) ' time in the deeply inelastic scattering process for all associ-

ated infinite momentum frameg26]. To project out the
(520 twist-2 contributions we refer to the collinear bagis. [27])
and expand these functions into a Taylor serieg4nat k*
=zp*. Herep-p=0 and the lowest twist contribution is
d obtained by settind®—0 in (40), (41), (50), (51). Note,
—X&{Ql(X,Qzng(X,Qz)} however, that the corresponding expressions may contribute
at higher twist due to the associated derivativek/n We
PF, denote the twist-2 contributions to the structure functions
5 gi(x,Q?) by g (x,Q?).
J(p-q) Whereas the relation between the structure functighs
and gg is not easily seen from Eq$40), (41),” it can be
_ (53)  directly obtained from(54):

wherex=—q%/(2p-q). Likewise one obtains

. 2
—0,(%,Q)+9,(x,Q%) + (pM—qz)

9’F, dF
q 2 .
ap-q)2 9(p-q)

+p

On the RHS of Eq(53) one may express the structure func-

: > . : . . ®Plain consideration of off-shell contributions kf to hadronic
tion g,(x,Q*) by inserting Eq(51), which yields

structure functions may introduce unphysical contributions. One ex-
d ample is wrong target mass corrections as notd@%ha long time
—y— 2 21 — 2y _ 2 ago.
X X, +0g-(X, X, D(X, , ) .
dx{gl( Q)+ Q91=0:(x,Q%) Q% “For this the explicit dependence op-(@) has to be known for
(54) Eq. (40).
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Q* = 10° GeV*
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0.06
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-0.02

-0.04

10 107 10?2 10

(b) X

FIG. 1. (a) The light flavor contributions to the polarized struc-
ture functionng(x,Qz) in leading orde(parametrizatiodSET=1
of [28], Aqcp=203 MeV) as a function ok and Q2. Full line,
Q?=4 Ge\?; dashed line, Q=10 Ge\?; dotted line, Q?
=100 GeV; dash-dotted lineQ?=1000 Ge\’. (b) The light fla-
vor contributions to the polarized structure functiagh(x,Q?). All
conditions are the same as(@.

d
—x g [01(x.Q)+03(x.Q%)]=01(x.Q%),  (60)

the differential form of the Wandzura-Wilczek relati¢see
[9,10]). The integral form can be obtained from E@&O)
using the condition

limg]'(x,Q%)=0, (62)
X—1
which yields
1d
95(x,Q%)=—g}(x,Q%)+ fx7y92<y,Q’-’>. (62)

PHYSICAL REVIEW D 68, 114004 (2003

& 001
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N
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(b) X

FIG. 2. (a) Heavy flavor contributions to the polarized structure
function xg,(x,Q?) in leading order(parametrizationSET=1 of
[28], Aqcp=203 MeV) as a function ok and Q2. Upper lines:
g5%(x,Q?) for m¢=1.5 GeV. Full line,Q>=4 Ge\?; dashed line,
Q?=10 Ge\; dotted line,Q*=100 GeVf; dash-dotted lineQ?
=1000 Ge\?. Lower lines:g5%x,Q?) for m,=4.3 GeV. Dotted
line, Q=100 GeV; dash-dotted lineQ?=1000 Ge\. (b) Heavy
flavor contributions to the polarized structure functiogh(x,Q?).

All conditions are the same as {n).

functiongb®. Since the Wandzura-Wilczek relation holds for

quarkonic initial states alsf®,7], all higher order radiative

corrections can be absorbed i, with par=g,q; denot-
ing the quark species and the gluon, and it thus holds in all
orders.

The validity of the Wandzura-Wilczek relation in the case
of gluonic operator matrix elements is also in accordance
with the observation of the general nature of this relation
connecting vector operator matrix elements with the associ-
ated scalar operator matrix elements on the light cone, which
was shown for fermionic fields ifl3].

To compare the heavy flavor contributionsgo(x,Q?)

At the level of twist 2 all structure functions depend on thetq the ysual parametrizations of these structure functions nu-

same non-perturbative functidnand sub-system structure

merically we show the light flavor contributions to

114004-7



BLUMLEIN, RAVINDRAN, AND van NEERVEN PHYSICAL REVIEW D68, 114004 (2003

xgllz(x,QZ) in Figs. 1a and 1b at leading order. For the par-for g;(x,Q?%) and g,(x,Q? have been calculated under a
ton distributions we refer to the parametrizati@8]. Other  specific assumption on the gluon spin vector in leading order.
recent parametrizatiorf29,30 are well in accordance with In the limit k?—0

[28] within the current experimental errors. The polarized — —

gluon and sea-quark distributions have still a rather large CngQ(Z,QZ)Z—ng (z,Q%) (66)
uncertainty which can be lowered only by more precise data ] ) .
from future experiments_ The present parametrizations Wer.§ Ob'ta.|ned. The I’e.fel’ence to the hadl’onIC S.truqture funCtlonS
derived assuming three light quarks through a fit to the datd] this paper remains somewhat loose. Unlike in the case of
ignoring any heavy flavor contribution. Part of the presentthe structure functiomy; (x,Q), where the collinear factor-
gluon distribution is thus corresponding to the contributionization is applicable, one easily derives E6). This is not
due to heavy flavors and one cannot add the distributions ifh€ case, however, for the twist-2 contributions to the struc-

Figs. 1a and 2a or Figs. 1b and 2b in a simple way. ture function g,(x,Q?), since transverse momentum-
As Fig. 2a shows, the effect ‘XQCE(X Q2) is small at low transverse spin correlations are essential and correlations to
. y 1 ’

scles butises raply " and shoui e taken o 1€ NCeon momentu and spn ae nonnal, Gecause of

account in future refined QCD analyses. Due to the Iarge(r:oe;‘ﬁcient functions. These authF())rs theref)ére cannot obtain

guark mass and charge suppressiontiggiark contribution o . X .

to xg, (x,Q?) is smaller than that due to charm quarks Whilethe Wandzurq-wnczek relation, becaL_Jse this relation occurs
IV X ) " 3 ' on thehadronicand not on the partonic level.

the distributions are positive fax>5x10"" they change . . ) )

sign for lower values ok. In the present example the polar- ~ Similar conclusions as faxgr ~(x,Q“) can be drawn for

ized gluon distribution is positive. The Wilson coefficigj xg(2?6(x,Q2) shown in Fig. 2bxg3%(x,Q?) is widely posi-

changes sign, since tive for smaller values ak<2x 102 and negative for larger
x. Again we would like to stress that the present numerical
S 1 2 QQ(x 02 iti -
limC2%(z,02) = =| 3—In Q ' 63) results 'for?<glj.2(x,Q ) are very sensitive to the polarized
;0 1 2 2 gluon distribution.
- Q
. = VI. CONCLUSIONS
lim C3%(z,Q%)=p>0, (64)
p—0 We calculated the heavy flavor contributiondg(x,Q?)

at leading order in the strong coupling constant using the
and vanishes at threshold= QZ/(1+4Mé). Furthermore  covariant parton model for finite values of the gluon virtual-
Eqg. (9) holds. The oscillating behavior of the Wilson coeffi- ity k?. The representation of the polarized structure functions
cient implies lower relative heavy flavor contributions tha”g‘fg(x,Qz) can be obtained applying a tensor decomposi-
in the unpolarized case. _ tion. Furthermore, a generating functional in which the

Figure 1b showsgy(x, Q) for the light flavors due to the - gependent parton densities and coefficient functions are

Wandzura-Wilczek relatiorkg,(x,Q) is positive for small  ¢onnected can be used to obtain a representation of the struc-
x values up tax~10"" and changes sign then. The integral yre functions from which their possible relation can be de-
over thep03|t|vefunct2|or_1xgl(x,Qz) is larger than the sub- rjyed. The twist-2 contributions are obtained in the lirkft
traction termxgl(x_,Q ) in the former region while the_sub- <Q2 The functions ngza(X,Qz) obey the Wandzura-
traction term dominates in the latter region. The function ha iiczek relation f luon induced imilar t :
to have a positive and a negative branch since the Wandzur?\-/I czex relation for a giuon induced process, simiiarto ear
Wilczek relation formally covers the Burkhardt-Cottingham ler findings in fermion mduced.processEF;—lO,lZ,l&lB

The absolute value of the relative numerical effect on both

relatior? structure functions due to the LO heavy flavor contributions
1 is about the same and may reach values of up to 5-10% in
f dxgy(x,Q?)=0. (65  some kinematic rangé€sTo make future QCD analyses of
0 even more precise experimental data consistent at the level

. i ) . of the twist-2 contributions the heavy flavor distributions
Due to the additivity of twist-2 structure functions with re- ,5ve to be taken into account.

spect to their parton contents the relation has to hold for each
flavor separately. We would like to add a comment here on ACKNOWLEDGMENT

Ref.[24]. In this paper the leading order coefficient functions . )
This paper was supported in part by DFG Sonderfors-

chungsbereich Transregio 9, ComputergestéuTheoretische

8Note that the Wandzura-Wilczek relation is the analytic continu-PhyS'k'

ation from thepositivemoments(cf., e.g.,[8,10]) in the local light
cone expansion, where the Oth moment, which corresponds to the _
Burkhardt-Cottingham sum rule, does not contribute. 9Similar size effects have been reported befor3it] for ngQ.
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