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What are PDFs?

@ In high energy physics, cross sections are computed via

2 2 2 ~ 2
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P, o (? hard scale of the process

@ The parton distribution functions (PDFs) link the two blocks.

o Comparing theoretical predictions with experimental data we can extract f;(Q?)
for a given Q°.
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DGLAP evolution equation

o DGLAP gives the Q? dependence of the PDFs:

DGLAP equation

,LL d 2 x 12 )_ Z / dz ’LJ $>a5(uz)) fj(z7ﬂ2) i:q7q7g

J=4,4,9
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DGLAP

Solution:  fi(z, Q5) fi(z, Q%) = Ei;(Q% + Q3) ® fi(z,Q0)

@ We can evolve f; to all scales Q2.
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QED fit: Motivation

0 O(qem) ~ O(a2) ~ ©(0.01) = percent correction
@ At the moment no photon-induced (PI) contributions in theory predictions

o For example: tf Pl starts at O(a?)

.
e

@ We need to add QED corrections!
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Corrections to DGLAP

o DGLAP has QED corrections

pure QED and

pure QCD QED®QCD
terms terms
QCD QCD®QED
Pl](as) _>P13(a37aem) :Pz (a§)+PZ ((Ysaaetn)
QCDRQED 0,1 1,1 2 0,2
P (s, Qem) = aemPi(j )y asaemPi(j )4 aemPi(j )

@ gluon couples in the same way to all quarks

@ photon distinguishes up-like and down-like = more diffucult to diagonalize

g, Q3=25 GeV? — Q? 1000 GeV?
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QED fit: Photon PDF

o We get a photon PDF ~(z, Q%)

@ It can be computed: LuxQED approach [Manohar, Nason, Salam, Zanderighi,
2016]

1

2
N 1 dz (1% dQ* 5 , o
x’Y(%IL )_ 2Waem(ﬂ2) /{Z/rrl:?i'r2 Q2 aem(Q )

x

_ZQFL(x/Zv Q2)

2

+ (sz<z> L= m“’) Fa(a/z, cf)] ()2 Fa(a ) ﬁ} 1 O rem, 02)

QQ

e F5 1, are computed from QCD PDFs: Fo 1, = f® Cs, 1
@ v(x) modifies sum rules: fol dzx (Zqﬁ q(z, Q%) + g(z,Q?%) +’y(az,Q2)) =1
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QED fit: Comparison with other PDF sets
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QED fit: Comparison with NNPDF4.0
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QED fit: Iteration

@ v depends on QCD PDFs but it changes them = we have to iterate

Pure QCD PDFs

Compute
A/(x: QO)

Perform fit

v

Converged?

chs

QED fit

Ratio to 1st iteration

Ratio to 1st iteration
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Phenomenology: inclusive Drell-Yan production

pp = 7Z = U+ X

pp = 7Z = U +X

NNPDF4.0QED NNPDF4.0QED +(x) = 0

NNPDF3.1QED NNPDF1.0

NNPDF4OQED MSHT20qed

CTisqed

Ratio to NNPDF4.0QED

My; [GeV]

/s = 14TeV, M,; invariant mass of £
In the high M,; region QED corrections are

10% 10°
My [GeV]

not negligible! O(5%)
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Phenomenology: weak bosons pair production

pp = WW— — lyl'vp + X pp — ZWH — 00y + X
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Few words on a new pipeline

o NNPDF4.0: based on APFEL, APFELgrid and APPLgrid
@ NNPDF4.0QED: based on new tools EKO, YADISM and PineAPPL

EKV

Evolution Kernel Operators

| Yadism

Yet Anothen DIS Module

@ It will be possible to include photon induced contribution in the theory
predictions!
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@ It is possible to include QED corrections to PDF fits.

@ The photon PDF is compatible with the most recent QED PDF sets.
@ The quark and gluon PDFs are almost unchanged.

@ There are processes in which QED gives a non negligible contribution.

Thanks for your attention!
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Unified evolution basis
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DGLAP equations

- Singlet sector

9

#2 ¢ J =
duz =
ZA
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- Valence sector

2 d (V)Z_(%svﬂvgs’ ) Vung >®<V)
M \va ViV ng Tos— + {7577} Va

- Decoupled sector:
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d
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Phenomenology: tt

pp = tt+ X pp — tt+ X
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