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Motivation

Why electroweak corrections?

@ A naive argument:
The QED coupling « can affects processes in which QCD DGLAP is
computed at NLO and higher orders

O(a?) a§(M§) . 0.11842

O(a)  a(MB) _ 1/127 ~ a8

@ Leading order QED effects are comparable to NLO QCD corrections.
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Motivation
Why electroweak corrections?

@ A naive argument:

The QED coupling « can affects processes in which QCD DGLAP is
computed at NLO and higher orders

O(a?) . a§(M§) . 0.11842
O(a) = o(M2) _ 1/127

~1.78

@ Leading order QED effects are comparable to NLO QCD corrections.

@ Main motivations:

@ Provide a first unbiased determination of the photon PDF with faithful
uncertainty.
@ Assessment of their impact on theoretical predictions:
* EW measurements at the LHC,
* High-mass Drell-Yan and related searches, my determination, etc...

© MRST2004QED is available but old and based on model assumptions
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@ New Scenario:

D

Parton Distribution
Functions (PDFs)

@ The new scenario consists in the inclusion of QED effects to PDFs.

&




Technical aspects of QED corrections
Step by step: How to obtain the photon PDF.

@ In order to achieve our goal we had to implement:

@ Modify PDF evolution (DGLAP)
QCD (NLO/NNLO) + QED (LO)

@ Rewrite observables including the photon contribution
Deep Inelastic Scattering, Drell-Yan and Jet

© Add a new PDF parametrization for the photon
+(x, @?) neural network, imposing PDF positivity

© Perform a fit using the NNPDF methodology

Points (3) and (4) were completely written and optimized from scratch.
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PDF evolution (DGLAP)

Solving the coupled evolution

@ (x, @?): photon PDF

» LO QED evolution equations:

0 @
@) = TP (0 ey (§.6) + Pt 0 Yefa (1.02)
i
0 Q?
Fogan @) = 50 {P 5 (6) @ €y (% 02) + Pol6) @ &q) (g 02)]
with €2 = > NLeZ, (charges), and the momentum sum rule becomes

/1 axx {qu(x, Q) + g(x, @) +(x, 02)} =1
0 i
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:
@ in a special evolution basis, e.g. in Mellin space:

Q2if(N, Q%) = P(N) - f(N, Q%)

o2~
where P(N) is the splitting function matrix in N space
P(N) = as(@)PE" +ai(@)PNS + a(@)PS" +

+0(aas) + 0(ad) + O(a?)

e.g. Roth, Weinzierl (hep-ph/0403200)
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:
@ in a special evolution basis, e.g. in Mellin space:

@2 1N, GP) = P(N) - £(N. @)

o?
where P(N) is the splitting function matrix in N space
PIN) = oo @)PLE” + oo GYANS + o FYAE” +

+0(aas) + O(af) + O(a?)
e.g. Roth, Weinzierl (hep-ph/0403200)

@ our method: combination of QCD and QED evolution solutions

f(N OZ) — rQCD(027 Og) . r%ED(OZ QZ) (N QO)

@ Both methods treat the subleading terms in different ways.
@ FastKernel implementation of DGLAP evolution.
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Impact of QED corrections to evolution

@ Input PDF — Les Houches toy PDF +

s | xv(x,@ =2GeV?) =0

@ Relative difference due to QED corrections at Q% = 10, 102, 103 GeV?:

foi (X 02) — fOCD | (X Qz)
St X, 02 _ with QED\ A only\ A,
( ) fith oD (X, Q2)
@ Singlet and Gluon PDFs

QED corrections to the singlet PDF in x QED corrections to the gluon PDF in x
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Impact of QED corrections to evolution

@ Also for the photon PDF!

xy(x,Q?)

0.08 m
0.07; NLO,#LOe, @ Q° = 10 GeV? é
E~  aeeas NLO,+LOgep @ Q% = 107 GeV? 3
0.06; == NLO;#+LOye, @ Q% = 10° GeV?
0.055 E
0.045 =
0.03 E
0.025 E
0.01 E
1

| L
102 10

=t
&

Ll Lol T
10 10°
X

... obtained dynamically. ~(x, Q?) is minimally affected by the evolution.
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Impact of QED corrections to evolution

@ Finally, in the evolution basis:

QED corrections to PDFs, Q = 100 GeV? QED corrections to PDFs, x = 0.1
‘-5;, L A AR AP “ AR
L ¥y | 3
L VA -0.02 —
L «Vg ] 0.04 =
C V, q : E 3
0.5 - 0065 E
2 o T3 goost <
5 L 1 % -0.1F E
05 ] -0.12F E
F -0.14F
A i -0.16F =
r H -0.18F- =
450 T BT R LT B N | N = |
10° 10 102 10" 1 1 2 3
X 0 o Geva '° 10
Y = ut4dt+st | V = u +d +s
T3 = ut—d*t | Vs = um —d-
Ts = ut+dt—2s* | Ve = u +d —2s°
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Observables, current state of the art

@ Observables including photon contribution due to evolution:
» 2767 DIS data points: e.g. /", F;"°, Dimuon CC cross-section

DIS experiments

Flx gm\cc *x K xR ¥ X H . .
g xoxooxxx x x| Isospin symmetry breaking:
- HERAI-AV X X X X X X X -
e «FEE Y sii P :
o 1] Mo IS EE R IR R E When activating QED corrections
S b aRE E a8 i Brg : o~ ]
v | o PR e uP £d", dP # u
oL el X
F Xoxox p 2 n 2
C KK K K SO, e-g- T3(X,O)#T3(X,Q)
r 3: X X ?é
Lo R R K ¥ X F il owky
10 10° 19’2

@ Atinitial scale there is no isospin symmetry breaking
TP(x, @) = —Tg(x, G§), V5(x,Q8) =—Vi(x, Q%)

@ Isospin is broken dynamically by DGLAP evolution.
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Observables, current state of the art

@ Observables are codified in Fast Kernel grids
» measure the impact on DIS data using NNPDF2.3 NLO

» sety(x,@®) =0

@ General behavior very similar to PDFs comparison:

» relative differences around —1% for x — 1

DIS experiments, §(%) QCD vs QCD+QED

DIS experiments, 5(%) QCD vs QCD+QED

1 E
0.5F 05;
E = Fux wewomcuntugy § ¢
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E L E % % x N
o5 Iy T | TR
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E NTVDMN ] -3 NTVDMN
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Photon PDF (preliminary)

@ Performing a preliminary DIS fit we obtain
» the photon PDF extracted from data (no toy model)

@ A small photon was preannounced by the QED corrected observables

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?
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[ ——— NNPDF DIS QED average | T ——— NNPDF DIS QED average
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Isospin (preliminary)

@ We are able to build a neutron PDF set for Q% > 2 GeV?
» modify evolution basis u? — d", dP — u”
@ The ratio Neutron/Proton PDFs

» isospin symmetry breaking on quarks distributions

Ratio neutron/proton
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@ Photon PDF: impact on Z production

» HORACE: Drell-Yan EW O(a), pp @ /s = 14 TeV
» cuts: /| < 2.5, pf > 20 GeV



HORACE (preliminary)

@ Photon PDF: impact on Z production

» HORACE: Drell-Yan EW O(a), pp @ /s = 14TeV
» cuts: || < 2.5, pl > 20 GeV

@ Born diagrams (from arXiv:0710.1722):

{
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HORACE (preliminary)

@ Example: Z — [T/~ invariant mass (very preliminary)

Z invariant mass distribution

102 E|

i | @ Effect of photon PDF from DIS data
E 10; i » moderate in the region of the peak
8 F » rapidly increases away from the peak
85 [ ]

NNPDFQED, no y induced
MRST2004qed, no y induced
—— MRST2004qed, y induced
NNPDFQED,  induced

@ Potentially huge contribution due to lack
of constraints from DIS on small-x
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20§ ‘_‘ MRST‘EOqud‘ymduced‘/no‘y induced g
155 — weorazo e oy naees 5 @ Next step: use W/Z production data to
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» predictions for jets & Z’ production
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HORACE (preliminary)

@ Example: Z — [T/~ lepton pr distribution (very preliminary)

Lepton P, distribution

@ Effect of photon PDF from DIS data

» moderate in the region of the peak
» rapidly increases away from the peak

NNPDFQED, no y induced
— MRST2004qed, no y induced
—— MRST2004qed, y induced
NNPDFQED, y induced
sl e b b L Ly
25 30 35 _ 40 45 50
P! (GeV)

@ Potentially huge contribution due to lack
of constraints from DIS on small-x

n
S
ol
&

» ruins predictions for high mz/p!

— ‘MRSTZOM‘qed ymduc‘ed/noymd‘uced B
,,,,,,,,,,, NNPDFQED / MRST2004ged : no y induced _]| H
- oo e naces | @ NleXt step: use W/Z production data to
4 constraint photon PDF — use for e.g.
-'='ﬂfﬁhf.rﬁ.‘4""iw% - . : .
E » predictions for jets & Z' production
45 50 55
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Outlook

@ Conclusion

» Extraction of a preliminary photon PDF from DIS data
» Study the impact of photon PDF to Z production (HORACE)

@ Outlook

» Include Drell-Yan and Jet data (NNPDF2.3 QED)
» Build a NNLO QCD + LO QED fit

@ Release

» Release a set with QED corrections before summer
* NNPDF2.3 + photon
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Les Houches Toy PDF

@ For the benchmark we have used hep-ph/0204316
xuy,(x, @3) = 5.10720 - x*8(1 — x)°
xdy(x, QF) = 3.06432 - x*8(1 — x)*
xg(x, @) = 1.70000 - x°'(1 — x)°
xd(x, Q) = .1939875 - x *1(1 — x)°
XU(x, Q) = (1 — x)xd(x. Q)
xs(x, Q) = x3(x, Q8) = 0.2 x( + d)(x, QB)
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Photon PDF (preliminary)

@ Distances between a pure QCD NLO DIS fit and the respective QED
corrected fit.

NNPDF Fit vs Reference Distances

Gentral Value Central Value
20 . T . 20 danans: T
15F ‘---Xg ] 15F ""Xz B
: s
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— -8 =3 -
g - g
< 10 T4 X 10 L
o o

20 ; : . 20 Frerree e
15F S A 151 .
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sS4 s
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g -] 5 :
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:
@ (1) in a special evolution basis, e.g. in Mellin space:

@25 1N, @) = P(N) - (N, @)

o
where P(N) is the splitting function matrix in N space
P(N) = as(Q)PE" +a5(Q°)PIG + a(@P)PG" + O(aas) +-

e.g. Roth, Weinzierl (hep-ph/0403200)

@ (2) our method: combination of QCD and QED evolution solutions
(N, Q%) = TR (QF, @F) - T (QP, @F) - (N, BF)

Method (1): (N, @Q®) = exp [QCD + QED] - f(N, Q)

Schematicall
chematically = {Method 2): f(N, Q) = exp [QCD] - exp[QED] - £(N, G2)

@ Methods differ by subleading terms O(a«;s) (Baker-Campbell-Hausdorff)
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Current PDF evolution (DGLAP)

@ Our DGLAP properties: possibility to switch between fixed and variable
flavor number schemes (FFNS/VFNS), running o(Q?).

@ Fast Kernel implementation in x-space, building the interpolation grid.

Noot Ny
XN 42,02 = S T i, 1) [Nt 1, 59)].
k=1 a=1
Noat Ny
XNt ) = 3 3 T (0 8) [N 1)
=1 B=1

combining both kernels and setting 1 = v = Q we obtain the final expression

pdl Ny

XN Q) = 35 rOPRER(y 1P, Q(Z,)[XgN/(Xg; og)}
e Fast Kernel Input PDF
Npdt Ny

where 7% %P (x, x5|Q?, QF) => > M3 (x, Xa | @7, QBTG (Xa, X5| @7, OB)

k=1 a=1
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