CALC 2006, Dubna, Russia
15-25 July, 2006

Charged Current Deep Inelastic

Scattering at three loops

M. Rogal

in collaboration with S. O. Moch

A

HELMHOLTZ
GEMEINSCHAFT



Structure Functions

*n, vp, Up, ... - collisions)

e Deep-inelastic lepton-hadron scattering (eip, e
o

k lepton’

lepton lepton

Gauge boson —>»» \ q

P
hadron J\

X hadron

I

e (Gauge boson:

ZO + . . .
s , W e Kinematic variables

— momentum transfer Q% = —¢? > 0
— Bjorken variable z = Q?/(2p - q)
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LM = Ax (K"E" + K'K™ — k- k' g") + B x (1" k*k"”)
e Coeflicients A and B are real and depend on the process.

e 7° involved = B # O!!!
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we are interested in the Mellin moments of the structure functions:
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Factorization of structure functions

e Structure function F;(x, Q%) are given as convolution

1
dz x Q? .
Fi(x7Q2) — Z /?fp (ZMLLQ) Ci,p (Z7 ?7@8) y b= 27L73'

p=partons

e Parton Distribution Functions f, (f, ,u2) are extracted from data
[HERA, Tevatron, fixed target exp.]

o Coefficient functions Cj ,, (z, 5—22, ozs) are calculable in QCD



Higher order QCD corrections (CC DIS)

e Parton level =

A Exchange via W* gauge boson

— Vector and Axial-Vector interac-

tion: ary® 4 bryHayd

A One has to take into account all possi-

ble final states up to fixed order in «

(including virtual corrections)
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— QOur calculations: up to «




e Physical motivation

CC DIS at HERA
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<= EKElectroweak measurements at HERA
CC and NC equal at high energies



sin’ 6, from NuTeV

The Paschos- Wolfenstein relation

Exact relation for massless quarks and isospin zero target
|[Paschos, Wolfenstein’73, Llewelin Smith’83|
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QCD corrections to the Paschos-Wolfenstein relation

Second moments of PDFs ¢~ = [ dxx(q — q), expand in isoscalar combination
u- +d-
[Davidson, Forte, Gambino, Rius, Strumia, hep-ph/0112302 |

R = % — sin” Oy + [1 — gsin2 Ow + 89(24: (% — sin” HW> + (’)(ozf)] X

wo—d s e
u™ +d— u— +d— u™ +d—

maln uncertainties in s~



Current state in the determination of the structure functions

e FP via one photon exchange:
LO - Gross, Wilczek’73;Altarelli ,Parisi’77 (*)
NLO - Bardeen, Buras, Duke, Muta’78 (**)
NNLO - Zijlstra, van Neerven’92 (***)
N°LO - Moch, Vogt, Vermaseren’05 (****)
i = 2, L-needs even Mellin moments (MM), ¢ = 3 needs odd MM

o FyN"P and FyPTP:
LO, NLO - (**¥), NNLO - (***), N?LO - (¥**¥)

Again even and odd MM moments correspondingly [Balin, Love,
Nanopoulos’74;Politzer’74] (#)

o F;ﬁ;'jp and FyP~"P:
Now (!!!) odd MM for the first case and even for the second case (#). It is the
main difference in the determination of these structure functions.
LO, NLO - (**), NNLO - (**%)
Our calculation - up to N°LO (~ «.°) for the coefficient functions .
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Optical theorem

e The hadronic tensor is related to the imaginary part of the forward

Compton scattering amplitude

— a2 calculation in DIS with help of loop technology

v (q) 2 Y (q) v (q)
f(p) f(p) f(p)
W (p,q) = 1 mT ., (p,q)
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Calculatuions up to 3 loops

The calculation
e DIS structure functions

vpEtop vpEtop
FYPEP | R

2L - 1076 diagrams up to 3 loops

e latest version of FORM [Vermaseren, version 3.1,7-oc¢t-2002.]
The tools

e QGRAF — generation of diagrams for DIS structure functions
[Nogueira’93|

calculation of diagrams —

e MINCER
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IBP identity [Chetyrkin, Tkachev’81]

9
0— / ki (s — k)  Tntegrand (... ki)

e MINCER in FORM |[Larin, Tkachev, Vermaseren’91|
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Renormalization subtle point for F3 [Larin, Vermaseren,91]

e insertion of 4° with the Larin prescription

1 O AT
TYuY5 — 1§6uV077p7 Y

This definition violates the axial Ward identity which is to be restored by
an additional renormalization. The necessary Z4 in M.S is

2
(e 2 3
ZA—l—I—( - > . [3 CACF SCan + O(as”)

The treatment of v° in D = 4 — 2¢ introduces an extra finite
renormalization with Z5 . It is derived in M S from

(RysVu)vs = Zs(RysA,),

Ry75 - denotes renormalization operation in the M.S scheme to remove

UV divergencies.

2 23\ 2
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The check

e Sum rules calculations in DIS
A Gross - Llewellyn Smith sum rule and Bjorken sum rule

| Larin, Vermaseren,91|

/Oda:(F”p(x Q*)—F"P(z, Q%)) =1, /de( 57 (2, Q%)+ F5P (2,Q%)) =

A Adler sum rule, Gottfried sum rule [Broadhurst, Kataev, Maxwell’04]
Conjucture of colour coefficients of coefficient functions “even” - “odd”

Difference ~ (Crp — C'4/2)
e Calculations with gauge parameter of fixed low order Mellin moments

—9“”+(1—€) q"q”
g2 — ie

14



First Results

Results for 6’th Mellin Moment of F2V Trﬂp calculated

with gauge parameter &
—
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Conclusion and Outlook

e Charged Current DIS calculations up to a,* are important.

e We use QGRAF, FORM, MINCER and in addition our own codes

to perform calculations.

e First results are obtained. (Gauge invariance check is still not finished.
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