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® Kinematic variables
® Gauge boson: 5 5
+. Z0-NC & momentum transfep = —¢= > 0
WE - CC s Bjorken variabler = Q2/(2P - q)
» |Inelasticityy = (P -q)/(P - k)
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® EW unification at HERA:
neutral vs . charged current
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DI S experiments
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® Polarized charged current DIS at HERA

CC cross section modified by polarization'
Nr — N

f oo (Pe) = (1 Pe) - Ucc(P =0) Pe:NR+NL T

® Cross section is linearly proportional to polarizatign

® Standard model predictiornanishing cross section fdt, = +1(—1) in
e~ () scattering
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® Polarized charged current DIS at HERA

CC cross section modified by polarization'
Nr — N

e:t
f ooe (Pe)=(1=£P,)- O'CC (P, =0) P, = N, LN, —‘

® Cross section is linearly proportional to polarizatign

® Standard model predictiornanishing cross section fdt, = +1(—1) in

e~ () scattering
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Calculation

-

® |eading order diagrams at parton level
» \ector and axial-vector interactiomy* + by#~°

quark

® Mellin moments with definite symmetry properties
# process dependent distinction even/addfrom OPE)

1
F;(N,Q?%) = /dxxN_QFi(x,QZ), i=2,L
0

1
Fy(N,Q%) — /0 do 2N Fy (x, Q)

o |
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Known
® NC (exchange via gauge boson)— Fs”
f CC (exchange vial’'* gauge boson)— F,P*7P pyPTrr T

evenN for Fy, odd N for F3

#» NLO Bardeen, Buras, Duke, Muta ‘78
o NZLO zZijistra, van Neerven ‘92
# N3LO Moch, Vermaseren, Vogt ‘05/:06

o |
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Known
® NC (exchange vig gauge boson)— Fs5”
f CC (exchange vial’'* gauge boson)— F,P*7P pyPTrr T

evenN for Fy, odd N for Fj
o NLO
o NZLO
o N3LO

Unknown

® NC~ — Zinterference at RLO still missing
® CC (exchange vidl’ * gauge boson)y— FyP~"7 FyP="P
odd N for F5, evenN for I3

o order NNLO already known
best use: difference “even-odal’
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In practice

fThe calculation T

® Big number of diagrams; need of automatization
e.g. DIS structure functionEQ”fzﬂp - 1076 diagramsE2?="? - 1314
diagrams up t® loops

o |
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In practice

fThe calculation T

® Big number of diagrams; need of automatization
e.g. DIS structure functionEQ”fzﬂp - 1076 diagramsE2?="? - 1314
diagrams up t® loops

® “latest” version of FORM
® QGRAF+~ generation of diagrams for DIS structure functions

Calculation of diagrams-

® MINCER in FORM

What does MINCER do? J
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‘ MINCER minces integrals \
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Checks
| -

# Known Mellin moments forY 7 (even) and=y* ™" (odd)
recalculated

o |
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Checks
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Checks
-

Known Mellin moments for} 7% (even) andey 7" (odd)
recalculated

All calculations with gauge parametefor gluon propagator (Up to

1

q2

Adler sum rule for DIS structure functions— (3% =

/0 P (e,Q?) — FYN (2,Q7)) =

X

® measures isospin of the nucleon in the quark-parton model
# neither perturbative nor non-perturbative correction@@®@D

|
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Applications

® Gottfried sum rule (charged leptdiHproton(P) or neutron(V) DIS)
1
| S @) - B .0)
0

X

o Conjecture: difference of non-singlet coefficient funagsdor even
and odd Mellin momentsubleadingn color [C. — C /2] ~ 1/N.

o |
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® scr =yt — orl=" with color coefficien{C — C /2]

® eg.
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® NuTeV experiment - Paschos-Wolfenstein relation
» Exact relation for massless quarks and isospin zero target

- J(VMN%VMX)—O(ﬂMNHﬂMX) 1 126
_ = — —sin
o(v,N — p=X)—o(o,N — p+X) 2 v

» measurement ofin? Oy with large deviations from
Standard model expectations

o |
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® NuTeV experiment - Paschos-Wolfenstein relation
» Exact relation for massless quarks and isospin zero target

f o(v,N —-v,X)—o(v,N— v,X) 1 . —‘

R~ = = — —sin®
o(vyN —pX)—o(@,N—ptX) 2 W

» measurement ofin? Oy with large deviations from
Standard model expectations

® QCD corrections to the Paschos-Wolfenstein relation

» second moments of valence PDFs= | dzx(q — q)
® expansion in isoscalar combination + d—

1
R = 5 sin? Oy

7 8 1
+ {1 -3 sin? Oy + 90‘ {1+ as1.689 + aZ(3.661 + 0.002)} 5~ sin? 9W>] X
s

(u —d~ s~ N c— >
u— +d— u_\—l_—/d_ u— +d—

o |
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NuTeV experiment - Paschos-Wolfenstein relation
» Exact relation for massless quarks and isospin zero target

ovyN—v,X)—o(w,N—-pv,X) 1 |, —‘

R~ = = — —sin®
o(vyN —pX)—o(@,N—ptX) 2 W

» measurement ofin? Oy with large deviations from
Standard model expectations

QCD corrections to the Paschos-Wolfenstein relation

» second moments of valence PDFs= | dzx(q — q)
® expansion in isoscalar combination + d—

1
R = 5 sin? Oy

7 8 1
+ {1 -3 sin? Oy + 90‘ {1+ as1.689 + aZ(3.661 + 0.002)} 5~ sin? 9W>] X
s

(e )
— T 7, — —
main uncertainties in— u” +d u~ Fd u— +d

QCD correctionsinder controf J
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Summary

|7 ® New results for fixed Mellin moments at ordet

Ey5~"P (odd) andFy?~"? (even)

® and differences “even-odd”
A intersting:OPE based moments

[Fy " —1,3,5,--; F§P7"" — 2,4,6,--- I

welghtw of zeta functions up ta/ — 1 (I - number of loops)
Intermediate integeN [F)5 "7 — 1,3,5,--; FyP™" — 2,4.6,--- |
weight up to2/

o |
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Summary

New results for fixed Mellin moments at ordef

Ey5~"P (odd) andFy?~"? (even)

and differences “even-odd”
A intersting:OPE based moments

[Fy " —1,3,5,--; F§P7"" — 2,4,6,--- I

welghtw of zeta functions up ta/ — 1 (I - number of loops)
Intermediate integeN [F,™" — 1,3,5,---; Fy7™" — 2,4,6,--- |
weight up to2/

1/N. suppression of “even-odd”

conjecture of Verified at three loops
Stability of QCD«, expansion for Paschos-Wolfenstein relation

approximations inc-space for “even-odd” differencesailable
— sufficient for HERA-CCyp - DIS (e.q. makes use of it) J

Charged Current Deep Inelastic scattering at three loops — p.16



	Content
	Introduction
	DIS experiments 
	 
	Calculation
	
	
	
	
	Checks
	Applications
	
	
ed small $alpha _s^3$ part of structure functions
	
	Large Summary

