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QED Effects.

QED corrections to DIS include

= mass singularity when ~ || ¢

QED collinear singularities are universal and can be absorbed into pdfs, exactly as
for QCD collinear singularities, leaving finite (as m, — 0) O(a) QED corrections in
coefficient functions
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QED —improved DGLAP equations.

8gi(w, p°) tdy x
Slow 12 { Pyo(y) ai(=, 1) + Pyy(y, as) g(—,u2)}
og K 27T Y Y Y

dy 2 2 & 2
+ o ” { 0q(Y) €; C]z(y,.u ) + Pyy(y) eﬂ/(;v“ )}

Og(x, p? a :
c’;ql(ogZ?) N ﬁ { Poa(y) an )+ Pyg(y) g(y u)}

ov(x, u’ Qo 2
gl(OgZQ) = 5/ { q(y)ze q;, = 1) + Ply) (= u)}

at leading order in ag and «, where
Poq = szlpqqa Pyq :Cglpgqa
Py =Tg' Py, Pyy=-%2%,€26(1— )

and momentum is conserved:

/01 dz z {Zqz’(w,ﬁ) + g(z, 1) +7(a;,,ﬂ)} _1
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First quantitative estimate of effect

on pdfs by Spiesberger, Phys. Rev.
D52, 4936 (1995).

Study by MRST in 2004.

Effect on quark distributions is
entirely negligible at small =
where gluon contribution dominates

DGLAP evolution.

At large x, effect only becomes
noticeable (percent order) at very
large ()%, where it is equivalent to
a slight shift in ag:

Aag(M2) ~ +0.0003

Dynamic generation of photon parton
distribution ~v(z, Q?).
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D 2 _ a |4 QO 1 QO
v (x, Q) = Y §log <—m%> uo(x) + §log <—3
n 2 « _4 Q(2) 1 Q(2]
v (x, Qp) > | 9108 <m3> o(z) + 5 log m

for suitable low-scale model distributions for ug(x) and dy(x).

Define isospin violation at )2 = 1 GeV* by
dy, —uy, = 2(dy, — ufy) = e(uy, — 2dy,)

[y dz z(y"=~P)
€ = 2 5 -
Jo dz x(uy,—2dy,)

where this satisfies number sum rules and
applies momentum conservation in neutron
and proton, i.e.

fol dx z(vP —~™) = 0.00117.
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Effect on quark distributions is
entirely negligible at small =«

where gluon contribution dominates 10"
DGLAP evolution. However, gluon
loses a little momentum to photon. 10°
Small effect at small . Not helpful.
Lose a few y? at NLO. No problem o
at NNLO. IR
o
X
At large =, photon radiation from % 107
quarks leads to faster evolution, ;
roughly equivalent to a slight shift 10° L MRST2004
inas: Aas(Mz) ~ +0.0003 : proton pdfs
[ Q°=20GeV’
Photon similar size to b-quark. Bigger 10_10-3 — 1(')2

at high .

Overall QED effects much smaller
than many sources of uncertainty.
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However, QED effects to lead to small isospin
violation.

uy,(x) quarks radiate more photon than df (x) 0.000 |-

quarks.

-0.005

To rough approximation

1(w.Q) = 3 st (@ md) [

So more photon momentum in proton than neutron due to high-z up quarks radiating
more than high-z down quarks.
Momentum conservation — ui,(z) < d{,(x) at high .

Hence, [0U,| < 0 as required by NuTeV anomaly.

Estimates for m, = 6 MeV and my = 10 MeV imply similar to isospin violation
observed by phenomenological fit. Reduces NuTeV anomaly to about 1/2.
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Model supported by wide angle photon scattering, i.e. ep — ey X where final state
electron and photon have equal and opposite large transverse momentum.

ZEUS has recently published a measurement of this cross section (2, ~ 0.005):

+0.47

olep — eyX) = 5.64 £ 0.58 (stat.) 079

(syst.) pb.

Neither PYTHIA nor HERWIG can explain the observed rate - underestimating the
cross-section by factors of 2 and 8 respectively.

Using the proton’s photon parton distribution we find

olep —eyX) = 6.2 £ 1.2 pb.

Using constituent quark masses our prediction nearly halves.
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Differential distribution compared to PY THIA and HERWIG - Saxon — Ringberg 2005
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Differential distribution with MRST photon distribution.

Absolute rate

€ Yp(‘xa Q2) 7\ € 7/ prediction
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Subsequently inclusion of fragmentation (Gehrmann De-Ridder et al) suggest this is
only half the source, more consistent with constituent masses for quarks.
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Electroweak corrections

Electroweak corrections typically a few percent, e.g. Calone Calame et al who look at
Drell-Yan type processes.

Can also be a couple of percent (here in opposite direction).
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High energy weak corrections

jet—production (|n| < 2.5)
5 = (NLO-L0)/LO
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Jet cross-section a major example — calculation by Moretti, Nolten, Ross, goes like
(1 — 5Cp°2 log™(E7./My)).

Dominated by quark-(anti)quark processes —~ 6% correction at Fp = 450GeV.
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Phenomenological impact not huge -

MRST 2004 NNLO DIS-type and DO jet data, 0g(M,)=0.1167 , X’= 64/82 pts
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movement of both CDF and DO data small.

MRST 2004 NNLO DIS type and DO jet data, 0ig(M,)=0.1167 , X’= 75/82 pts
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jet—production (|n| < 2.5)
5 = (NLO-L0)/LO
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Much bigger at LHC energies. Up to 30%. Bigger than NLO QCD.

log®(E2/M2,) a very large number.

PDF4LHC QED

13



Similar results for corrections
to other processes with a hard
scale, e.g. Di-boson production
(Accomando et al).

Plot shows fractional corrections
as function of reconstructed Z
transverse momentum in WZ
production.

Same sort of corrections in large-
pr vector bosons in conjunction
with jets (Kuhn et al, Maina et
al)...

In(s/m%,) terms can also affect
[y, extraction from the transverse
mass distribution.
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Only virtual corrections. Must have contributions of the form

q W
q
q q

Some electroweak bosons included with jets — some almost collinear with quark, and
many decaying into hadrons.

Opposite sign, potentially large contribution. However, perfect cancellation will not
happen. Total effect very possibly still large. Similar situation in variety of processes.
Needs calculation and decisions on experimental definitions. Recent calculation by
Baur suggests positive 6% correction to inclusive jets at 4TeV. Very sensitive to jet
veto in di-boson production.

Perhaps need PDFs with weak corrections (splitting functions derived — P Ciafaloni
and Comelli). In this case double logs — ayy In”(p2./m?) in solution to (rather more
complicated) evolution equations.
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Conclusions

Have produced parton distributions with inclusion of radiation of photons off quarks
— photon distribution.

Automatic isospin violation.

Model input distribution for photon from radiation from low scale valence quarks.
Sensitive to quark masses. Sensitivity low at LHC scales since evolution length very
long.

Available at NLO with current masses. Grids also exist at NNLO and with constituent
masses. Since photon generated from valence quarks not very sensitive to order of
ag.

Little change in quarks and gluon distributions (though gluon loses some momentum).
Photon distribution sometimes important, e.g. at HERA and LHC.

Known large corrections from weak corrections due to double logarithms. Perhaps
W, Z distributions required.
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