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PDFs

e Encodes information of structure of the nucleon as distributions in
X.

, , i
o PDF are universal : the same for any process —— M/@m

e Fitted from data using global fits. g

e PDFs appear in any perturbative calculation involving hadrons in
the initial state.

Partonic Cross section
a(ep—>eX):/ dz Zfz eqz—>eX)

Parton Distribution Function
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Photon PDF

ILJ
We usually hear about quark and gluon PDFs,
but what about the photon PDF? P———

We focus on the polarized case: Af,y — ‘f:y* — f,y_

Global fits are not very effective for extracting the photon PDF
because it is much smaller than the quark and gluon PDFs.
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e No parameterization is available for the case of the polarized photon PDF

e QED corrections start to be important because many observables reached QCD
corrections at NNLO, adep ~ AQED ~ % . For this reason the PDF of the photon is
a key density.

o  Calculate the evolution of polarized PDFs including QED corrections.

o Some process are sensitive to these density, such as the productions of
prompt photons in ep.

ep = vX

fA'y
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A. Manohar, P Nason, G. P Salam, and G.
L U X e d a roa c h ° h oto n P D F Zanderighi, Phys. Rev. Lett. 117 242002 (2016),
[ arXiv:1607.04266 [hep-ph]

Extracting the photon distribution from DIS

e DIS is usually seen as a photon from electron
electron probing proton structure, but can w—
be viewed as an electron probing the photon
PDF, p—
proton

d%rr(z,Q?) B 8ra’y

e The structure functions grand g2 encoded

the information we need. dz dQ? 2_ s
X [(1 - % - %72> 91(z, Q%) — %72 92(7, Q%)
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Extracting the photon distribution from DIS

n Propose an auxiliary process sensitive to the photon PDF at LO

heavy lepton L
A heavy lepton L is produced in the scattering of a light lepton ¢ off 4 -
the proton. At LO, the cross section is directly sensitive to the 4 j,oa(m.,zu)m
photon PDF. lghe lepeon Vol

—_—

x =T
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arXiv:1607.04266 [hep-ph]
Extracting the photon distribution from DIS

n Propose an auxiliary process sensitive to the photon PDF at LO

A heavy lepton L is produced in the scattering of a light lepton { off
the proton. At LO, the cross section is directly sensitive to the

heavy lepton L

photon PDF. T Pl
& x?"_
H Compute the process from DIS structure functions
91, 92
IE:ompute the pgocess in terms of the structure d4q 64<q2> O
unctions g: and g-. 1%
Ulp X / <27_(_)4 4 W (Q7p) L,Lbl/(q7 k)
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arXiv:1607.04266 [hep-ph]
Extracting the photon distribution from DIS

n Propose an auxiliary process sensitive to the photon PDF at LO

A heavy lepton L is produced in the scattering of a light lepton ¢ off heayyleptank
the proton. At LO, the cross section is directly sensitive to the

h / TOBEUEDUCED
photon PDF. W % fﬁ,, 12
==

H Compute the process from DIS structure functions

g1, 92
IEiompute the p(rjocess in terms of the structure d4q 64<q2> Sy
unctions g: and g-. 1%
Ulp X / (27_(_)4 4 W (Q7p) L,Lbl/(q7 k)

B Compute it in collinear factorization and match both descriptions

Compute the process using the factorization
approach.

rnp(p)=/dy31( (yp) fr(y, 1° u) > /d 01 Yyp) £y 1) + -+

Je{a.l}
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The polarized photon PDF

£
Data gy

9 1 dz 1-2 dQ 2 10
fanlest®) = g [ / L o=@
4 2 92 8 2.2 81
[ 4 — 2z — z—z gl(:lj/z,QQ) - :LQPQ 92("17/‘27 QQ)]
+ AN (z, 1?) .

Must not depend in any parameter of the process

Necessary to know the structure functions in a wide

range of parometer space.

A=0.1

/
L4
X=0.05
/

Data ¢,
COMPASS v HERMES

x CLAS SLAC E155

x  SLAC E143

/
/

'
Resonance sector, sum of resonances fit

[ Continous low-Q? region, BKZ model for g
Continous high-@? region, pPDFs approach

I Elastic region

/e
/,
x=0.01

. We divide the parometer space into regions according to
the behavior of the structure functions:
Elastic, Resonance, Low-Q and High-Q.
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1GE(@)Gu(@*) + TGM(Q2)(5(.Tbj - 1),
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J. C. Bernauer et al. (A1), Phys. Rev. C 90, 015206 (2014),
arXiv:1307.6227 [nucl-ex].
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We use a model for both g1 and g2 based on
a fit of experimental data.

Resonance region

2 2 2 G 2
(my + mao)® < W2 < Wi, = 3.24 GeV
0.30
10 I 0 5 7 7 —— Resonance sum fit
[ i Dt a Dt oo ¢  Data with Q? = 1.01 GeV?2
il I « COMPASS v HERMES 1 y 9
x | K % GiAs D SacEis 0.251 & Data with Q? = 2.44 GeV?
- o J e x SLAC E143
8 ! [l ’
,' % S II Resonance sector. sum of resonances fit 0.20
oy " o . ,’ I Continous low-@? region, BKZ model for g
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6 18 ’ ’ 50.151
I 7/ /
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Resonant contributions to polarized proton structure functions, A. N. Hiller Blin,

V. I. Mokeev, and W. Melnitchouk, Phys. Rev. C 2023 107, 035202
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High Q"2 region, Perturbative approach
Q%> Q2,, and W2 > W2, = 3.24 GeV* (2,0%) = Z/ _AOQ%Z’QZ)) Af (g’@)

Wandzuro-Wilczek relation for g2

10 — - ;
/ i 1 Data g, Data g,
," ,' + COMPASS v HERMES 1
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,' X = II Resonance sector, sum of resonances fit Tpj y
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,I " Continous high-Q? region, pPDFs approach
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Polarized photon PDF :

e The largest contributions are the o
perturbative and elastic region.

e Theresonance and low-Q2 regions are

[}
of a lower order.

0.00200 ;

=== gluon/100 ~
0.00175 - B Continuous high-Q? region fO'OOI A7 dz = 0.0049 4 0.0008 0.8
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I Continuous low-Q? region and resonance sector :
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The largest uncertainty comes from the the low Q2
region. These uncertainty arise from the experimental
uncertainty.

For the perturbative region the largest uncertainty arise
from the PDF replicas. Also there are an uncertainty
because the variation for the non physical scales.

For the Elastic region the uncertainty is small, it arise
from the experimental error in the Al collaboration
measurement of the Sachs factor.

B Continuous low-Q? region and resonance sector, experimental uncertainty
Split integral M,

B Non-physical scales variance in g;.

N pPDFs replicas

[ Uncertainty in A1 fit

=== Sum in quadrature

1% = 80 GeV?

D. de Florian, L. Palma and G. F. Volonnino, The polarized photon distribution function, Eur. Phys. J. C 84 (2024) 905, arXiv:2406.03414 [hep-ph], 13

doi:10.1140/epjc/s10052-024-13294-4.



DGLAP evolution with QED

n Include the photon PDF in the evolution system

d Photon PDF

’y —

EZE:P7f®f+§:P7f®f+Pvg®9+PW® —)
! f Mellin space

Lucas Palma Conte

dE(t, o)

= P(ag, o) E(t, )
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DGLAP evolution with QED

n Include the photon PDF in the evolution system
Photon PDF

dry _
E:vaf®f+zpwf®f+Pvg®g+Pw® )
f !

Mellin space

n Compute the QED and mixed-order
kernels

F= aSPi(jl’O) + a%PZ.(f’O) + agPi(f”O) + aPz.(jo’l) + ag aPi(jl’l) + ...

QED kernels computed using the
Abelianization technique.

Lucas Palma Conte

dE(t, o)

= P(Oés, C\J) E(t, t())
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DGLAP evolution with QED

n Include the photon PDF in the evolution system
Photon PDF

dv dE(t to)
vaf®f+zpf®f+Pvg®9+Pwv®. —) TEZP(OKS,@)E(@%)
Mellin space
E Compute the QED and mixed-order kernels a Non-commuting terms E = EMIXEQEDRQCD
_ (1,0) (2,0) , 33,0 (0,1) (1,1) ED
Fj=asP;"" +a SP +agh;"" +abPy " tasaly T + [PQ ’PQCD] 40
QED kernels computed using the Non-commuting kernels generate large term ag'a™ th
Abelianization technique. at high scales.
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DGLAP evolution with QED

n Include the photon PDF in the evolution system

d Photon PDF dE(t ¢ )
i 0
_t:Z f®f+z @ F+Py®g+Pyc0) o) 7d£ = P(ag, o) E(t, 1)
! Mellin space
n Compute the QED and mixed-order kernels a Non-commuting terms E = EMIXEQEDRQCD
(1,0) (2,0) |, 3 (3,0 (0,1) (1,1)
Fj=asP;"" +a SP +agP; +abPy; +asaly + . [PQED, PQCD] 40

QED kernels computed using the Non-commuting kernels generate large term ag'a™ th

Abelianization technique. at high scales.
n Include An operators

E = (1 +3° Ai) EMIXEQED RQCD d:;" = Ai—l% —|[Ai-1,asP®O - aZPEO 4 gPOD 4 ggaP V)]
=0
. . - alat™
We reuse the pure-QCD and pure-QED evolution Dominant tower resummed: dg G

operators.
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DGLAP evolution with QED

Large corrections to the polarized photon PDF
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D. de Florian and L. Palma, Eur. Phys. J. C 86, 118 (2026), arXiv:2505.03520 [hep-ph]

107!

for - fo:

7o

Smaller corrections for other partons
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a3 =0.1
— 23=03
— 4} =06

—— photon pPDF model
=== (g model

Prompt photon production ep
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® D. Rein, M. Schlegel, and W. Vogelsang, Phys. Rev. D 110 (2024) no.1, 014041, 9
arXiv:2405.04232 [hep-ph], doi:10.1103/PhysRevD.110.014041. 1
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Conclusions

® We compute the polarized photon PDF using the LuxQED approach with a uncertainty of
=50% for low x (x~0.001) and =10% for larger x values.

® We show that the photon pPDF is of the order gluon/100.

® The first momentum is small in comparison with the quarks and gluon momentum

® We compute the mixed-order AP kernels, and solve the DGLAP equations.

® We apply the photon pPDF in Prompt Photon Production and observe significant differences
with toy models.
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Low-0"2 region

and Q% < Q% = 2GeV°

2 2
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B. M. Badelek, J. Kwiecinski, and B. Ziaja, Eur. Phys. J. C 26, 45 (2002),

arXiv:hep-ph/0206188.
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1
. 0(@,Q) = 3D e{(Ag+Ag) +2as[ACTY ® (Ag+ Ag) + ACTY ® Ag]
q
PO la Il Zed D I S + 2a [AC"Y ® (Ag+ Ag) + ACPY ® Ar]

+ daga [ACMY ® (Ag+ Ag) + ACHY @ Ag+ ACTH) @ Av]],

I NLO QCD
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Evolution photon PDF
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T —— photon pPDF model
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