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Polarized Parton distribution functions (pPDFs)

The polarized PDF are defined as the difference between the distributions of partons with
positive and negative helicity inside a proton with positive helicity.
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The PDFs are fitted from the experiment and are UNIVERSAL, they must not depend on
any process.

Y
We usually hear about quark and gluon
PDFs, but what about the photon PDF?
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The polarized photon distribution function:
Motivation .r‘{'i

———

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, o2, ~ agep ~ 1L7 .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.
e.g.
D. Rein, M. Schlegel, and W. Vogelsang, Phys. Rev. D 110, 014041 (2024), ep — X
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DIS and LuxQED approach

The extraction from a global fit is difficult
because it is a small amount compared to the
PDFs of Quarks and Gluons. But...

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

e The structure functions girand g2
encoded all the information about this
process.
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A. Manohar, P Nason, G. P Salam, and G.
Zanderighi, Phys. Rev. Lett. 117, 242002
(2016), arXiv:160704266 [hep-ph]
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LuxQED approach: Photon PDF oo oo o ot 1 342005 01

arXiv:1607.04266 [hep-ph]
how to extract the photon pPDF from the DIS process?

heavy lepton L

1. | Propose a BSM process in which a massive lepton
is produced from a light lepton and a photon. At L — b
. . . . 1gnt lepton
LO there is an interaction with the photon PDF. N ?,JE
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LuxQED approach: Photon PDF oo oo o ot 1 342005 01

arXiv:1607.04266 [hep-ph]
how to extract the photon pPDF from the DIS process?

heavy lepton L

1. | Propose a BSM process in which a massive lepton

is produced from a light lepton and a photon. At L — b

. . . . 1gnt lepton
LO there is an interaction with the photon PDF. N ;——;E
g1 92
: @

> | Calculate the process in terms of the structure d4q e (¢%)

function. = 7lp / (2734 s o (4m)WH (q,p) Lyuw(q, k)
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LuxQED approach: Photon PDF

how to extract the photon pPDF from the DIS process?

A. Manohar, P Nason, G. P Salam, and G.
Zanderighi, Phys. Rev. Lett. 117, 242002 (2016),
arXiv:1607.04266 [hep-ph]

1. | Propose a BSM process in which a massive lepton
is produced from a light lepton and a photon. At
LO there is an interaction with the photon PDF.

heavy lepton L

4 MS photon distributi

TO BE DEDUCED
fans(;
light lepton | /o 1)

=

2. | Calculate the process in terms of the structure

function. —>

g1 92

@
d4q €4h(q2)
’ /(27T)4 g4 (4m )W (q,p) Ly (q, k)

~

5|  Calculate the process using the factorization =

approach. The photon PDF appears at LO. il =
p

2| Finally equate them to get the photon

distribution.

-

Olp = Z/dx Olpis ( fzs/pH(x M )
AU

dyaz(q)yp ” /d 5" (wp) £y, 1?) +
je{q.l}
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The polarized photon PDF

1 de2

dz
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The last term can be computed perturbatively,

AV, 22) = S / 41— g0

2T Z
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LO(

131)]',#2) =

’ Perturbative approach

1 i
5 2 € (Ba(an, 1) + gy, 1))

{da}

(z/z, 1*) + high orders

Must not depend in any
parameter of the
process.

Necessary to know the
structure functions in a
wide range of
parameter space.

The behavior of the
structure functions will
be different in each
region of the parameter
space.
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Results

The largest contributions are the
perturbative and elastic region.

e Theresonance and low-Q2
regions are of a lower order.

0.00200
~ == gluon/100 1 ~
0.00175 - B Continuous high-Q? region f0.00l A7 dx ~0.0049 + 0.0008
: [ Elastic region
I Continuous low-Q? region and resonance sector — i —— hiton SPDF modd
0.00150 - . NG agpeas, v
0.4 =— 7 =0.6
0.00125+ p,2 —= 80 GeV?
2 0.3
= _
5 0.00100
8 3
=0
0.000751 0.2
0.000501
0.1
0.00025 1
0.0
0.00000 5 g -3 -2 1 0 1 2 3
1073 10— 10~ 109 i
T D. Rein, M. Schlegel, and W. Vogelsang, Phys.
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Conclusions

® We compute the polarized photon PDF using the LuxQED approach.
® 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 apply the photon pPDF in Prompt Photon Production and observe significant
differences with toy models.
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i Thanks!
iMuchas Gracias!

Questions?




Prompt photon production

— =1 —— photon pPDF model
—_— il =03 ===,y model
0.4 — = 0.6
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D. Rein, M. Schlegel, and W. Vogelsang, Phys. Rev. D 110 (2024) no.1, 014041, arXiv:2405.04232
[hep-ph], doi:10.1103/PhysRevD.110.014041.
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Results faolanil) = s | d—{ / I -0
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e The largest contributions are the AmZz® 5 8m2z? 5
perturbative and elastic region. [ 42— = | 9ila/z @) = | o | (/2@ )]
e The resonance and low-Q2 + Ay (z, 14?)

regions are of a lower order.
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Uncertainty of the calculation *  The largest uncertainty

comes from the the low Q2
region. These uncertainty
Continuous low-Q? region and resonance sector, experimental uncertainty arise fro m th e ex p errme ntOl
Split integral M, uncertai nty.

Non-physical scales variance in g; .

0.8

0.7
pPDFs replicas . .
Uncertainty in Al fit e For the perturbative region

s o the largest uncertainty arise
from the PDF replicas. Also
there are an uncertainty

i

0.6

0511

504 1? =80 GeV?

N because the variation for
0.3 the non physical scales.
0.2 e For the Elastic region the

uncertainty is small, it arise
0l from the experimental error
0.0 in the Al collaboration
10 1072 107! measurement of the Sachs

factor.
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High Q*2 region, Perturbative approach

Ze {(Ag+ Aq) +2ag [AC(lo
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1 B / / H
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I “ . . . Y
% i Abelianization
e .
| 0l mechanism.

k ;
=3

oy,

|. Borsa, D. de Florian, R. Sassot, M. Stratmann, and
W. Vogelsang, (2024), arXiv:2407.11635
[hep-ph]

DSSV set

F ACY @ Ag]

2|(Ag+ Ag)

+ 24 ®(Aq+Aq)+®A7]

@-@ /@

AC’20 -AC“

D. de Florian, G. F. R. Sborlini, and G. Rodrigo, Eur. Phys. J. C 76, 282 (2016)

arXiv:15612.00612 [hep-ph]

Waondzura-Wilczek relation for g2

2
0
w?
WW Ldy
g2 (wy5) = —g1 (w3) +/ —1(y) 16
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We can express giand Q2
1GE'(Q2) G}W(Qz) + TGJW(Qz)(s(z —_— 1)
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We use a model for both g1 and g2 based on

resonances sum.

Resonance region
Resonant contributions to polarized proton
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(mP it mﬂo) res
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Vector Meson Dominance (VMD):

The photon turns into an on-shell vector
meson which interacts with the proton.

Low-0"2 region
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B. M. Badelek, J. Kwiecinski, and B. Ziaja, Eur. Phys. J. C 26, 45 (2002),
arXiv:hep-ph/0206188. 19
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Vector Meson Dominance

The photon virtually dissociates
into an on-shell vector meson that
subsequently interacts with hadron
A to yield the hadron state B.

m2 1
[Y*A— B] = —e - 2
29 q

[0°A — B] + (w) + (¢)

—m2

B. Badelek and J. Kwiecinski,
Journal of Physics G: Nuclear and
Particle Physics 25, 1533 (1999).

My M4A0v<W2)
Am 7 (@7 + M)

9 (2,Q%) =

2 interaction between
AOV(W ) mesons and nucleon
4 1 _ M?
9 (my, Q%) = C l§ <A“$)z($bj) + Aﬂ(o)(l”bj)) *3 (Adi?z(ffbj) + Ad(o)(ffbj))] @ +§142)2
P
1 M}
0 ¢
0[5 085 @)

+ giJeT (ij’ Q2) )

C is fitted from the experiment
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1 -z dQ? .

High orders for the “MS” term st i [ H{ [ G
(4 2z — ) (z/z,Q% <8m2$2>92(1‘/262)]

(]

WS 8w (Sp)* 1 1 . dz / dQ2
Ay (z, p?) = a(p?)  (4m)P2T(D/2 — 1)/::: 7 2)P 2/L

m=) High ordersin gip

(@72 (@) (4= 2544750 - 9| g/ @)

9p = (%> [‘ OB, (2) + ACH, 4 (2) = ehai 2, (2)
- Adding LO in
| QCD

{12(,2 - 2)] AalP () + [24(1 —2)—12(z = 2)ln (1 — z)]Acflf‘”( )}A NCIENTS

1
AyD = Z / e / dz; 12{ [271-2 — 24424z — z?

felagt
+24(z — DIn (1 — 2) +6(z — 2)In (1 — z)Q]ABﬂ}O)(z')
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LuxQED details

1 dZ Qmax dQ2
) (OIRPH UlLPH 27ra(u / / . Q2)

2 2 2 2 2
{H(4 2z — Q2 L —2zQ22>xg1(m/z,Q2)

M M2 M

In terms of the structure
function.

8 2,2 8 12
—H( e )fvgz(x/z,Qz)}

* Btron — Ot = oOH{ 2 (@, p?) + 2 /: dz [z(Z _2) <log

2T 2

M?2(1 — 2)?

zZ 2

—-3z(1 - Z)] Ze —fai (g,’ﬂ) + O(O_’as,a2)}

¢ & o

) Using the factorization
approach.
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Polarized Parton distribution functions (pPDFs)

The PDFs are fitted from the
The polarized PDF are defined as the difference experiment and are universal.
between the distributions of partons with

.. . IR 0.4 - - —F T - —3 0.2
positive and negative helicity inside a proton el X'(AHA‘—J) ' ' 1t xI(Ad+Aa) ' (;2=10GeV2_’ o
with positive helicity. - I I

0.2_— = NLO b = _ 0
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i <% + s -0.2
o . _
poton_ 7 Afi = [~ M
7 ]
0
-0.01
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£, ° 0.02
_—— 1 0
/ .0.02
x] . . S—— . S L . 5-0.04
AY 10 " 10 1 10 5 10 1

|. Borsa, D. de Florian, R. Sassot, M.

xz/_\ Stratmann, and W. Vogelsang, (2024),
= arXiv:2407.11635 3
a—— [hep-ph]




QED corrections to polarised PDF
evolution

24



Parton distribution functions (PDFs)

Parton Model

Factorization

large
distances

olep — eX) = / dz Z f,le a(equ—> eX)

PDF distances

The PDFs are fitted from the experiment
and are universal.

f’i — f7,+ . fi_




Modelo de Patrones y ecuaciones DGLAP

QCD does not tell us what shape PDFs have, but it does tell us how they
evolve with energy.

DGLAP : Dokshitzer, Grivov, Lipatov, Altarelli, Parisi
Kernel A-P

dq(:
qla; ,u o
dlog( ,u,F ‘)7r / jm[ ( ) T

Increase “resolution” scale: resolve more details of “partonic structure”

increase
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. L“EF) _ s /1 dy
QED corrections 2vet#) 27/

Yy

Z 9‘11®q3+z Pog; ®Gj + Pyg® g+ Py, ® v,

Z WJ®qj+ZP’Y‘7j®‘7j+Pvg®g+Pw®’)’a
j=1

sz i .
j— =1

1 We solve them by passing to

dy &r the MELLIN space, where the

(f & g)(T) — ? g g(y) convolution is the product.
T

MT: a Mathematica package to compute
convolutions

4
_qu(y)q (;J‘%‘

qj

LO QED
corrections
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Oq(w,pif) _os [Ty, o (T o
OED corrections ?%ost:3) ~u P""(""’(y*”)

dg
ZPQ% ® ¢ +ZquJ ® G +ng®g+Pm
P Photon distribution is a key
a4 - > density in the evolution
® q; + ®G +P,Qg+P ».« y
dt Z 745 i Z LR e with QED corrections

j=1

np

dg; = B
& :ZPqqu‘ ®qj+ZPQiqj ®Qj+Pq,-g®g+Pqn '}
j=1 i—i
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5f = fuwithoED — froQED

QED corrections: PDFs

fnoQED
Corrections to quark u Corrections to the sum
of quarks
e, 2 2 0041 ; 1
0.010 {~——e " e, Q* =800GeV [\
- ~.~~ - | \\'.
5 T 0.021 I N,
0.005 . | \4‘4
|
0.000 1 N : i
\\\ 0.001_ i -
S —0.005{ S g ... e :
A Ay(z) =q(z) at Q3 = 1GeV \ 0,024 = .. \\ 1
—0.010 A B: Ay(z) = xy(z) at Q3 = 1 GeV \\ e \ |
C:Ay(z)=0at Q3 =1GeV \\ ! ‘\ :
—0.015 | \ —0.04 1 % \ |
\ 1
~0.020 1 \ -
\ —0.06 1 Il
10‘73 10'72 10'—1 1073 1072 107!
X

D. de Florian and L. P. Conte, Eur. Phys.
J. C 83, 695 (2023), arXiv:2305.14144

[hep-ph]

Corrections of the order of 4% in some
sectors, same order of magnitude
expected for the accuracy of the
experimental data. 29
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Resultados QED: g1

g1 = %qug (Aq + Ag

== A: Avy(z) = y(x) at QF = 1GeV /’—\\
0.04 B: Ay(z) = zy(x) at QF = 1GeV / \
e = C: Ay(z)=0at Q2 =1GeV "l \
B > \
S > \
= 0.02 /./ \
- \
-
0,00 pm======"""" \
10-3 10-2 10-!
0045 A ) A —— -
- ’ Lo
o 0.75{¢#* T Rq
0. 2 0504
0.02 N "~ R - R,
oy ~. ., 0.25 1%
\t}/ e ;' ", e T+ -
— ——— 0.00 1 —— N
D --"‘"H‘.. -
L=l H~~~ 10-2 10-!
0.001 e X
~~~\.§
T,
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q

(Ag + Ag) ® Av] 1

J
Wilson's coefficients to LO QED

Ratio of the contribution of the
quark PDFs

ACOY @ (Aq+ Ag)

~ AC™ @ (Ag+AG) +ACHY @ Ay

5f = fuwithED — froQED
fnoQED

) +2as [ACH? ® (Ag + AF) + ACHY @ Ag]
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Fiteo PDFs Polarizadas

Distribuciones de partones polarizadas
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Evidence for polarization of gluons in the proton, 2014

Monte Carlo sampling variant of the DSSV14 set of helicity parton densities, de Florian,
Sassot 2019

A first unbiased global determination of polarized PDFs and their
uncertainties
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Estas PDFs polarizadas van a estar
relacionadas con el Spin del protdn. Se
ve una contribucién de gluon no
despreciable 31



