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Unpolarized Deep-Inclastic Scattering (DIS):
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contain light and heavy quark contributions.
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NNLO accuracy is needed to analyze the world data. ==- NNLO HQ
corrections needed.

Goals

e Complete the NNLO heavy flavor Wilson coelficients for twist-2 in the
dynamical safe region @ > 20GeV? (no higher twist) for Fy(x, Q)

o Measure m. and oy as precisely as possible
e Provide precise CC heavy flavor corrections
e Consequences for LHC:

— NNLO VFENS will be provided
— better constraint on sca quarks and the gluon

— precise m, and a, on input

Factorization of the structure
functions

At leading twist the structure functions factorize in terms of a Mellin
convolution
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into (pert.) Wilson coefficients and (nonpert.) parton distribution functions
(PDFs).

& denotes the Mellin convolution
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The subsequent calculations are performed in Mellin space, where ® reduces
to a multiplication, duc to the Mellin transformation
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factorizes into the light flavor Wilson cocfficients €' and the massive operator
matrix elements (OMEs) of local operators O; between partonic states j
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— additional Feynman rules with local operator insertions for partonic ma-
trix elements.
The unpolarized light flavor Wilson coefficients are known up to NNLO
Moch, Vermaseren, Vogt, 2005 Nucl.Phys.B].

For Fy(z, Q%) : at Q% 2 10m? the asymptotic representation holds at the
1% level.

Calculation of the diagrams

The OMEs are calculated using the standard QCD Feynman rules to-
gether with the following operator insertion Feynman rules:
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We generate the diagrams using QGRAF.
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A Form program was written in order to replace the propagators, vertices
and opcrator inscrtions appcaring in the output of QGRAF by the correspond-
ing Feynman rules, and also to introduce the corresponding projectors and
perform the gamma matrix algebra in the numerator of the diagrams. The
diagrams end up being expressed as linear combinations of scalar integrals.
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Feynman integrals

Integration by parts

We use Reduze [A. von Manteuffel, C. Studerus, 2012] to express all scalar
integrals required in the calculation in terms of a small(er) set of master
integrals.

Reduze is a C++ program based on Laporta’s algorithm. It is somewhat
difficult to adapt this algorithm to the case where we have operator insertions,

due to the dependance on the arbitrary parameter N. For this reason we
apply the following trick:
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This can be then treated as an additional propagator, and Laporta’s algo-
rithm can be applied without further modification.

If we denote the master integrals by Al then the reduction algorithm
will allow us to express any given integral [ as

I = Zc?;(a:)]m x

In fact, any given diagram D will be written this way: D = > ¢;(z)M,(z)
In order to obtain each diagram /J(/N) as a function of N. We proceed as
follows:

1. Calculate the master integrals M;(N) as functions of N.

2. Evaluate M;(x) = > %_, " M;(N).

3. Insert the results in D(x) = > ¢;(x)M;(x).

4. Obtain D(N) by extracting the Nth term in the Taylor expansion of

D(z).
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Calculation of the master integrals

For the calculation of the master integrals we use a wide variety of tools:

e Hypergeometric functions.

e Summation methods based on Zeilberger’s algorithm, implemented in

the Mathematica program Sigma (. Schneider, 2005 .

— Reduction of the sums to a small number of key sums.

— Expansion the summands in &,

— Harmonic sums arc algebraically reduced using the package Har-

monicSums (Ablinger) [Ablinger, Blitmlein, Schncider 20111,
e Mellin-Barnes representations.

e Differential (difference) equations.

e In the case of convergent massive 3-loop Feynman integrals, they can
be performed in terms of Hyperlogarithms [Ceneralization of a method by

F. Brown, 2008, to non-vanishing masses and local operators].

Generalized sums have emerged in due course of these calculations,
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for

N ; 1
21 : 1 1
Z(?})( ) . j(ZJ) 1,2 (2 j) w13 (2713) LE(S*I)

j
1 N 1
at —1 L * * . wig — ’
:jo dx 7—1\V8+x [Hwn,—l,O( ) 2Hu18,—170(3’)] x(8 —x)

1
Cz/l ()Y =1 [w w1y =
e H — 2H
DY " rppl LR EIC) ()] 8+ )
1
Lo(—8)V —1 x wig =
—I—(,gfo dx i ] T (2 + a)y/x(8 + x)

Operator Matrix Elements

We have now the full results for A(q)QNS, Aéz)gn, AE/Z)Q and A“; T3 Here

we present a piece of the constant part of the pure singlet OME:
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For A(g o and AQg we have partial results for some color factors.
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