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INTRODUCTION

To determine the value of the strong coupling constzag@M%) from the world deep-
inelastic scattering datal [1] precisely, the structurefiom F>(x, Q%) has to be described
to O(ag) accuracy at present. The corresponding next-to-nexeadihg order (NNLO)
parton distributions are instrumental for accurate pteuhis of the weak boson and
Higgs boson production cross sections at hadron collidgfs\While the massless
contributions are known to NNLQ][3], in the massive case Has been achieved for
a series of Mellin momentl only in the regionQ?z 10ng, [4] f, with mq the mass
of the heavy quark. Based on the 2-loop massive operatoixmeéments, which are
known for general values dfl [7] to the linear term in the dimensional parameter
[E], and the massless 3-loop Wilson coefficients [9] one maymute all logarithmic
contributions at 3—loop order [10]. In the kinematic regifHERA, however, these
terms alone are not dominant over the yet unknown constantfte general values of
N, as has been demonstrated for the moments calculated ifHéD(ag) corrections
to the structure functiofy (x,Q?) in the asymptotic region were calculated linl[f, 4.
Heavy flavor corrections for charged current reactions weren in [12].

The heavy flavor contributions to the structure functiofx, Q%) at O(a?) in case of
one massive quark are described by the five massive Wilsdficteets in the asymp-
totic regionLy>, LES L, HES HF [4]. Two of these Wilson coefficientd,;* and Lg,
have been computed completely for general valudé iof[13], cf. also [10]. In[13] the
contributions to the color facto®(TZN¢Ca ) of the Wilson coefficientsy>, HYS, HF
were also calculated. The corresponding Feynman diagranmsst of graphs with two
internal fermion lines, out of which one is massless and oassiue. After applying
algebraic relations [14] these contributions to the mas¥iiison coefficients can be
represented in terms of the known set of weight 4 harmonic sums [15].

1 TheO(a?) corrections were given ifl[5]; see also the numerical im@letation in Mellin space [6].
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Related cases concern ti@ad) contributions with two massive line§ T2Cg a
with either equal or different masses. In this note we prefiest results for these
contributions.

TWO MASSIVE QUARKS OF EQUAL MASS

We first consider the case of two quarks of equal mass iOtlog) operator matrix el-
ementd] TFZ. In calculating the corresponding Feynman diagrams weyapplMellin-
Barnes representation [16] through which the Feynman petemntegrals can be ex-
pressed in terms of MeijegB-functions ] in general. In these calculations, likegbo
in [13], the use of modern summation algorithms as encod&i gma [18] are of es-
sential importance. For the quarkonic flavor non-singlseaane obtains for the constant
contribution to the operator matrix element :
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The results in the flavor pure-singlet case are :
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Here P(N) denote certain polynomials iN andS; = S;(N) are harmonic sums [f9].
These relations generalize the moments being obtaineibpsdy in [4]. The contribu-
tions to the anomalous dimensions giver in [3, 20] are coefitrm

TWO MASSIVE QUARKS OF UNEQUAL MASS

Beginning withO(ag) graphs with internal massive fermion lines carrying unéqua
masses contribute. Since the mass ratio in case of the chadnb@ttom quarks is
given byx = mg/nﬁ ~ 1/10, one may expand the corresponding diagrams using this
parameter. We first calculated the 2nd and 4th moment of thengt operator matrix
elementAqg extending the codegexp [ﬂ] to higher moments applying projectors



similar to those used in[4]. The unrenormalized operatotrimalements are given
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wheremy < mp,m3 < 2. The 4th moment reads :
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These contributions to the massive Wilson coefficients camuriquely calculated in
the fixed flavor number scheme with three massless quarks imitial state. However,
they cannot be attributed either to the charm or bottomiligion in a variable flavor
schemef This shows one of the limitations of this intention despite fact that
operator matrix elements are process independent qasntiti(3[4) power corrections
contribute, howevenot of the kind O(m?/Q?) but of O(m2/m2). The computation of
the corresponding contributions for general valuell @ in progress.

We remark that the representation of the heavy flavor Wilsmefficients toO(ag)
are given in the fixed flavor number scheme. As has been shoRefi [23] 214] this
choice is sufficient for the kinematic region at HERA.
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2 As has been shown ifi [22] the application of a variable flachesne usually leaves no free choice of
the matching scalg?. In particular it is often quite different from the respeetheavy flavor masmé.
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