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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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Introduction

Heavy flavor Wilson Coefficients

@ In this limit the massive Wilson coefficients up to O(a?) read
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Introduction

@ Fixed moments N =2 ... 10 (12,14) are known ([Bierenbaum, Bliimiein, Kiein, 2009]

@ The renormalization of this problem has been worked out by [Bierenbaum, Biiimlein, Kiein,

2009]

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

is known

@ Example:
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The 3-loop logarithmic contributions

@ Generalized structure of renormalized OMEs:
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@ 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
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The 3-loop Ng T% CA‘F Terms
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Figure: Generating 2-loop diagrams
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The 3-loop Ng T% CA‘F Terms

Contributing diagrams I

i e O Oy
m@m@w@m

m@m@m@m
m@mm@m

Figure: Further diagrams

@ 289 Diagrams o Ng TE contribute
@ 167 Diagrams TE- contribute

@ due to symmetry some diagrams are identical



The 3-loop Ng T% CA‘F Terms

Evaluation of Feynman integrals

@ Typical Feynman parameter integral after momentum integration
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@ Performing the integral yields a linear combination of sums over B-functions and
Hypergeometric pFgs
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The 3-loop Ng T% CA‘F Terms

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)
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@ in intermediary steps also generalized harmonic Sums occur
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[Moch, Uwer, Weinzierl, 2002]

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




The 3-loop Ng T% CA‘F Terms

Results for the contributions o< Ng T2 Cr.a
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The 3-loop Np

Ca,F Terms
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The 3-loop Ng TFC F Terms
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The 3-loop N, CA‘F Terms
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in agreement with [Moch, Vermaseren, Vogt 2004]

@ furthermore the Ng TE-C;: and Ng TE-CA-contributions to the OMEs A
PS,(3) NS, Trans.,(3)
AQq , and A 0.Q

NS,(3)
99,Q '
have been computed

@ this holds also for contributions to the 3-loop anomalous dimensions %,q 'yqq

and ’YNS Trans




Cyclotomic Harmonic Sums and Polylogarithms

Cyclotomic Harmonic Sums and Polylogarithms

@ The usual harmonic polylogarithms are extended allowing for more letters in the
alphabet :

1 1 1 1 1 1 1
X' 1—=x"14+x"14+x+x2"14+x2"14+x+x2+x34+x*"1—x+x2""

@ Their iterated integrals are the cyclotomic harmonic polylogarithms (CHPL).

@ The Mellin transforms of the CHPLs are spanned by the cyclotomic harmonic
sums (CHS).

@ The cyclotomic harmonic numbers are the CHSs at N — oo.
@ They are related to the MZVs of higher roots of unity and the motivic numbers.

@ Quantities of this kind emerge in massive Feynman diagram calculations
(simplest example: sums containing 6th root of unity numerators).

@ All formalism is again incorporated into the package HarmonicSums

J. Ablinger, J.B., C. Schneider, Journ. Math. Phys., in print arXiv:1105.6063 [math-ph]]




Contributions o< T% CAF

First contributions o TE—CA_‘F, m; = 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




Contributions o< T% CAF

The flavor non-singlet contributions

L J 128 1024 320 640
(3),NS v Y
o = TECH {?'* —GaSi — 25
8 (BN + 6N? + 4TN? + 20N — 12) 1836 19424
/+1)2 T T
4822N° — 12384N° — 6507TN* + T40N® 4 216 N? + 144N + 432)
T29NA(N + 1)*

Pt

6405, _ 1285, 8 (51NC + 153N '+ 35N + 96N + 16N — 24))

27TN3(N +1)%

: 1()?1 64 256 320 640
(3),TR _ .
49.Q TSt =G 551k - oS
19424, 4 (139N* 4 278N5 — 101N? + 48N + 144)
729 7! 243N?(N + 1)2
2).TR 12895 6405, 1285
(2, TR  _ v 3 2 1
fod CrTf { 9 27 27

in agreement with [Moch, Vermaseren, Vogt 2004]




Contributions o<

The flavor pure-singlet contributions
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The case of two different masses

@ mc/mp ~ 1.3GeV/4.2GeV — x3 := (m¢/mj)® ~ 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.]

deg N=2

1 —8g p(p)p(v
P p.u+d()()
d_1 22 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

@ These diagrams cannot be re-interpreted in the VFNS either for c- or
b-distributions.

@ Ergo: the VFNS ends at 2 loops.
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The case of two different masses
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The case of two different masses
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The case of two different masses

Flavor non-singlet, m; # m,

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

Example: Diagram Dg7,

Dsry = CaT}

{,5{,\'&) |4+ 0(N =3) [ ]+ 6N —4)[---]

N —5 1 256(N —3)(2N?+ N —4) 1 [ 64(2N® + 33N% — 13N? + 8TN? — 283N + 354)
+6(N =5)| NN T I - =

D ) b4 1 320
i SI(V — 12NI(N + )32 + N)?

(">+s'»+m"(y)) o8&
s 243(N — 1PN (N + 1)5(N +2)°

4
]mr +9(2 + 652 + 1253)

1Q3
N+ PN+ 2)(N 132 (N + 42"
Qs 2
7350(N — 3)2(N — 22(N — IN(N + 1P(N + 2)5(N + 3)°(N + 43 (N +5)3(N + 6)° "

205
Y(N —1)N(N + 1)2(N +2
283N +354) . o

2N +3)°(N + DP(N + 5)5(NV + 63 (N T TP(N + 8

893025(N — 4)2(N — 3)(N —
8(2N5 + 33N* — 13N3 + 87N

2
ON “ DNV TPV £ 2) (@)
4 -
. — . Qs S 2 In*(x) + - 3102 ()
N+ DN+ 2)(N+3)(N + H)(N +5)(N +6) IN 3N+ )(N+5)(N +6)(N +T)(N +8)
RN -3EN 4N 1) ) 8Qs
() — . B
ONZ(N £ 1)2 YT GIN NN 13 (N +2)
8Qs Spz? 64Q7 ]
. . Su? + : — Sy
(N +1)(N+2)(N +3)(N +4)(N +5)(N+6)"" 9(N + 3)(N 1)(N +5)(N +6)(N + 7)(N +8) 2
8Qq . 8Q10 .
In(z In(
PN TNV T AV 22 P T B oD T e (v 4
Qu 2 In(z)
35(N —3)(N — 2)(N — IN(N + 12(N + 2)2(N + 3)2(N + D2(N + 5)%(N + 6)
8Qu2

3 In(x)
2835(N — 4)(N — 3)(N — 2)(N — )N(N + 1)2(N + 2)2(N + 3)2(N + 4)2(N + Tinie)

N +6)2(N +T7)2(N +8)2




3-loop ladder diagrams: up to 6 massive propagators
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First 3 loop contributions VFNS OMEs: A_' ()
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Conclusion

@ The present status of the calculation of the O(a2) massive Wilson Coefficients
in DIS for general values of the Mellin variable N has been presented.

@ All logarithmic contributions O(a? In“(Q2?/m?)), k =1,2,3 to all the OMEs
have been computed.

® The O (a?NpT2Ca F) contributions to all the OMEs Aj; which contribute to the
nucleonic structure function F(x, Qz) and transversity for general values of the
Mellin variable N were calculated.

@ These results constitute first complete expressions for two color factors
contributing to the heavy flavor Wilson Coefficients for F»(x, Q?) at O(a3) for

: - PS S
the Wilson Coefficients qutQ and ng.Q.

@ 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.

@ Results have been obtained for the O(aT2Cy ) terms of the NS and PS
OMEs resulting from the graphs with two massive lines with equal and non-equal
masses.

@ For the OME Aq, 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

@ The ladder graphs can be calculated by the technologies being available to us.

The major charged current DIS heavy flavor Wilson Coefficients to O(a?2) were
calculated.

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

@ 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,
hyperlogarithms, higher hypergeometric functions).
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