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INTRODUCTION



Introduction: QED fits done in the past
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Photon modelled
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ADDING QED
10 APDF FIT



Adding QED: motivation




Adding QED: corrections to DGLAP

pure QED and QCD®QED terms

aPOD 1 g qP D 4 o2p02) 4
ij SN ij T

a PV + a?P') + a’P? +
\) l:i \) ij \) l:i Tt

pure QCD terms




Adding QED: corrections to DGLAP 8

Solving the system
QCDX®AQED case

Pure QCD case

ny ny l/ti _ di

2= Z g V= q; u™ +d*-
=1 = fns R l/ti BN di

N u* +d*

g =q*q e




Adding QED: corrections to DGLAP

Numerical results
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small correction for quark and gluon...but
needed for the evolution of the photon!




Adding QED: photon PDF 10

3k Photon PDF is obtained from LuxQED approach [Manohar, Nason, Salam,
Zanderighi, 2016]

2

i = 10? 2x2
e J%{[ L az(Qz)[(ZP o(2) - mp)Fz(x/z, Q%) — °F(x/z, Qz)]

2na(p?) ) z - Q-
—a*(u*)z* Fyxlz, ) }
* ¥ modifies the momentum sum rules:\ by = Z Cor.i ®J;

l
y depends on the

1
J dx x (Z(x, 0°) + g(x, 0%) + y(x, Qz)) =1 other PDFsl!
0


https://arxiv.org/abs/1607.04266
https://arxiv.org/abs/1607.04266

Adding QED: iteration 1

Computed at 100 GeV
and evolved back to
< fitting scale with DGLAP

Compute

}/(X > Q())

[Manohar, Nason, Salam,
Zanderighi, 2017]

Perform fit

v
@,

< — O

O

=7

~+

No

Converged?

QED fit



https://arxiv.org/pdf/1708.01256.pdf
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RESULTS OF
THE FIT



Results of the fit: remark
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Future development




Results of the fit: photon
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Ratio to NNPDF4.0QED

Comparison with other QED fits
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Results of the fit: quarks and gluon

Xg(x)

Comparison with NNPDF4.0

g at 1.65 GeV uat 165 GeV
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Results of the fit: quarks and gluon 16

Comparison with NNPDF4.0
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Results of the fit: iteration

photon at 1.65 GeV g at 1.65 GeV
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Two iterations are enough

for the fit to converge!




Results of the fit: fit quality 18

v* by processes:
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Few words on a new pipeline
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NNPDF4.0

APFEL
APFELgrid

APPLgrid

See "Pineline: Industrialization of High-Energy
Theory Predictions” by A. Barontini

NNPDF4.0QED

EKO

Pinefarm new tools! ;g

PineAPPL

It will allow photon induced

contributions in the theory
predictions!



https://conference.ippp.dur.ac.uk/event/1178/contributions/6438/attachments/5026/6420/pineline_talk.pdf
https://conference.ippp.dur.ac.uk/event/1178/contributions/6438/attachments/5026/6420/pineline_talk.pdf
https://conference.ippp.dur.ac.uk/event/1178/contributions/6438/attachments/5026/6420/pineline_talk.pdf

IMPACT ON
PHENOMENOLOGY




Impact on phenomenology: inclusive Drell-Yan production 21
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In the high invariant mass region

QED corrections are not negligible!



Impact on phenomenology: weak boson production 22

pp = WHW~ = lulliy + X

pp = ZW ™ — 0000y + X

102 | | !
@, z
By :
il :
i g
= .S S — S i
icl LG :
= :
| | \ | | | | | | | | | | | I | | | | | | | \ | | | | | \ |
.| NNPDF4.0QED NNPDF4.0QED ’y(.z:) — 8] B NNPDF3.1QED .| NNPDF4.0 .1 NNPDF4.0QED NNPDF4.0QED ~(z) = 0 - NNPDF3.1QED . NNPDF4.0
1.025 L LIS L LI [ T e . L. L : ........ LA LA LA l ............................ — N ! L ! ! I I ! | I I ! ! ! L ! I |
| : —

—
-
S

0.98

Ratio to NNPDF4.0QED

In the high p;region QED corrections

are not negligible!



SUMMARY
AND
CONCLUSIONS




Summary and conclusions

[/ We can add QED corrections to PDF fitting, getting a photon PDF
[/ The photon PDF is compatible with the most recent QED fits
[] Quarks and gluon are almost unchanged (the photon PDF is small)

[ There are processes in which photon initiated contributions are not
negligible

[ Soon we will be able to add such processes in our theory predictions

Thanks for your attention!!
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Solving DGLAP

Singlet and Valence sectors




Solving DGLAP

Solution of the non-diagonal sectors

) — 2

. y _ _




Computation of the photon

Why the LuxQED

formula is used at
100 GeV?

LuxQED neglects For low u, the integral

: : o)
higher twist corrections is dominated by low O
i\ structure functions

H




