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Structure Functions: F
contain light and heavy quark contributions




Introduction

Heavy flavor contributions to F,
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LO charm contributions: PDFs from [alekhin, Melnikov, Petriello, 2006.]
— different scaling violations,

— massive contributions at lower values of x are of order 20%-35%.
Hence for the prediction of cross sections at the LHC the precise knowledge of all

PDFs and the exact value of as(M2) is needed. as(M2) = 0.1135 + 0.0014




Introduction

Representation for F, at Q% > 10m?

@ in the asymptotic region F; is known for general values of N to NNLO

[Bliimlein, De Freitas, van Neerven, Klein, 2006.]

@ f; for Np massless and one heavy quark flavor:
[Bierenbaum, Bliimlein, Klein, 2009.]
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@ ® denotes the Mellin convolution
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@ The asymptotic representation for Fa(x, @2) becomes effective at @2 > 10 - m? |
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Heavy flavor Wilson Coefficients

@ In this limit the massive Wilson coefficients up to O(a2) read
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@ Fixed moments N = 2 ... 10 (12, 14) are known ([Bierenbaum, Bliimlein, Kiein, 2009]

@ The renormalization prescription for this problem has been worked out by
[Bierenbaum, Bliimlein, Klein, 2009]

@ Through the renormalization the general structure of the unrenormalized OME's

is known

@ Example:
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The Logarithmic Contributions

The 3-loop logarithmic contributions

@ Generalized structure of renormalized OMEs:

2 2 2 2
G (M) _,®3,3(" (3)2, 2" (3).1 m (3),0
Al (§> =37 (§> +ap (§> +ap (E) +a (1)

@ all logarithmic contributions are known [Ablinger,Bierenbaum, Bliimlein, Klein, WiBbrock 2011]
(explicit N- and x—space representation & analytic continuation N € C)

@ but: in the relevant kinematic region there is no logarithmic dominance
(3),0
i
functions

@ terms a are needed to describe the correct behaviour of the structure
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Figure: Generating 2-loop diagrams
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Figure: Gluons are replaced by quark bubbles ‘\BE‘S;‘
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Contributing diagrams Il
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Figure: Further diagrams

@ 289 Diagrams o Ng T’E- contribute
@ 167 Diagrams TE- contribute

@ due to symmetry some diagrams are identical
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Evaluation of Feynman integrals

@ Typical Feynman parameter integral after momentum integration
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1 3/2¢e
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@ Performing the integral yields a linear combination of sums over B-functions and
Hypergeometric pFgs
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Mathematical structures

@ Now: perform a series expansion in ¢ and evaluate the remaining sums

Up to 4 (in)finite sums occur, which are computed using modern summation
methods encoded in SIGMA [c. schneider, 2007]

@ results are given in terms of (2, ¢3 and harmonic Sums Sz(N)

Nooa "m=1 (sign(a1))" (sign(ap))™ (sign(am))"m
Sapsam) = >0 > 0>

np=1ny=1 nm=1

lay] la] [am |
ny ny nm

@ in intermediary steps also generalized harmonic Sums occur

N
Smy,... (x m m25m3y-v-(x3'"';f2)+5m1+m2,m3,...(xl'XZvX3y-v-3N)
il Ll ip=1 Iy

[Moch, Uwer, Weinzierl, 2002]

@ algebraic and structural relations for these sums have been worked out
[Ablinger, Bliimlein, Schneider, 2011]




Contributions o< Np TE— CAF

Results for the contributions oc N T2Cr 4
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Contributions o< N,
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Contributions oc Ne TECp £
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in agreement with [Moch, Vermaseren, Vogt 2004]
@ furthermore the Nr T2Cr and Nf T2 Ca-contributions to the OMEs Ag’i’g),
Agi’w), Asj_’((;) (completed) and ANS Trans-+(3) have been computed
@ this holds also for contributions to the 3-loop anamolous dimensions 'yqq 'yqq

and 'VNS Trans




Contributions o< T’g Ca F

First contributions oc T2Ca g, my = my

@ Feynman integrals could not be mapped directly onto higher functions
@ — Mellin-Barnes representation is introduced

@ this yields Meijer G-functions which can be expanded into hypergeometric
functions
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The flavor non-singlet contributions
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in agreement with [Moch, Vermaseren, Vogt 2004]
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The flavor pure-singlet contributions
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The case of two different masses

@ mc/mp ~ 1.3GeV/4.2GeV — x3 := (m¢/m})® ~ 0.0001 — expand in masses

@ for fixed values of N the diagrams can be mapped onto tadpole diagrams by

projection operators [Bierenbaum, Bliimlein, Klein 2009.]

eg. N=2

1 —8u p(k)p(v)
M = — (o g2
d_1 02 o4

more complex structures occur for higher Moments

@ expansion in masses was performed using EXP  [Harlander, Seidensticker, Steinhauser 1998,

Seidensticker 1999]

120 out of 256 diagrams have been computed for general values of N




The case of two different masses
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The case of two different masses

Flavor non

With x = (ml/m2)2 we obtain
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The case of two different masses
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Conclusion

Conclusion

@ We computed the O (a2NgTZCy ) contributions to all the OMEs Aj; which

contribute to the nucleonic structure function F»(x, Q) and transversity for
general values of the Mellin variable N.

@ All logarithmic contributions O(a? In“(Q2?/m?)), k = 1,2,3 have been
calculated.

@ These calculations constitute first complete expressions for two color factors to
the heavy flavor Wilson Coefficients for F>(x, @2) at O(a3). The Wilson
Coefficients qubQ and ng_Q are known completely now.

@ Along with the computation of the massive OMEs we obtained the
corresponding parts of the 3-loop anomalous dimensions and confirmed results
given in the literature analytically, partly for the first time.

9 Results have been obtained for the O(a2 T2Cy ) terms of the NS and PS
OMEs resulting from the graphs with two massive lines with equal and non-equal
masses.

@ For the OME Ag, fixed moments have been generated for the case of two
non-equal masses. Many diagrams have already been computed for general
values of N.




Conclusion

Conclusion

@ Charged current DIS heavy flavor Wilson Coefficients to O(a?2).

Along with the calculation a lot of new technologies to perform analytic massless
and massive 3-loop computations are developed and significantly improved.

@ Summation technologies in product and difference fields are further refined along
with other discrete algorithms.

@ New higher transcendental function spaces are coined and explored
(Generalized harmonic sums, cyclotomic harmonic sums and polylogarithms,
higher hypergeometric functions).




	Introduction
	The Logarithmic Contributions
	Contributions NF TF2 CA,F
	Contributions TF2 CA,F
	The case of two different masses
	Conclusion

