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Summary

Brief intro to polarized pdfs/DIS

Why Global and why NNLO
BDSSV24 NNLO global fit Borsa, deF, Sassot, Stratmann,Vogelsang (2024)

QED and photon pdfs deF., Palma,Volonnino (2024)

Conclusions
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Brief intro polarized DIS

[
: do o E'" £ (k.q.s)- WH(P.q. S
Cross section p = =7 \ /W( 4 ) \W ( » 4 )
dr’ df Q E leptonic hadronic
Q°=—¢
Hadronic tensor in terms of Structure Functions (non-perturbative) o
x = 2P

v U Hq” P - % P - %
WH(P,q, ) — (—g“ 2 >F1<x,cz2>+ (P“ ngqﬂ)( o )Fz@,cf)

S, : :
P.qgl(man) | (P )2 92(337@2)

Fi:unpolarized structure functions

gi: polarized structure functions
+ 1 M et"P?%¢q,

Asymmetry Ai(z,Q?%)

dg(—><:) o dg(—>:>) 5 91(517, QZ)

A= e T do)
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Brief intro polarized DIS

[
: do o?E (kg WH(P.a. S
Cross section p = =7 \ /W( 4 ) N ( » 4 )
dr’ df Q E leptonic hadronic
Q°=—¢
Hadronic tensor in terms of Structure Functions (non-perturbative) o
T = 5n y

v 1 “q” P 1 P 1
WHY(P,q,5) = (—g“ | qqi’ >F1(:E,Q2) + (P“ ngq )( ngq )Fz(af,QQ)
Fi:unpolarized structure functions

T i : polarized structure functions
S.(P-q) — Py(S-q 8i-Po
(P - q) (5 q) go(. Q%)

Asymmetry Ai(z,Q°) 91(z, Q%) = E o Agi(z,
Q dz
(—<=) _ 3 (—=) 2 4+ L —ACH2)Agi(x/2,Q? .
Ay = do do — D(y) gi(z, Q%) QWZ 9 [E (2)Agi(z/ ) ZI

do(— ) + do(—=)

+iMerg,

+;_;Z?/m %ACQ( )Ag(w/2,Q%)

NLO -
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Cross section

do — 042 E ‘C,ul/(k7Q7 S) ' W'LW(P7Q7 S)
dE'dQ  Q*E T hadionic

Hadronic tensor in terms of Structure Functions (non-perturbative)

WHV(P7Q7 S) — (_g'uy

+iMerg,

P-q

Asymmetry Ai(z, Q)

do(—<) — do(—=)

Al =

quark and gluon
contribution to
proton spin

ICIFI
UNSAM

do(— ) + do(—=) o

So o 9o (P-q)— Ps(5 - q)
R g 1) (P-q)°
= D(y) 1’;11((2 ?22))

1
AY = Z/O Agi(z, Q%) dz

needs extrapolation to 0

Precision in polarized pdfs

Brief intro polarized DIS

ng’”)ﬂ(x,@% (P“ S )( g Pq;qq”)&(x,@?)

92(337 Qz)

1
AG:/ Ag(z, Q%) dz
0

Fi:unpolarized structure functions
gi: polarized structure functions

2
91(337@2) — Z e_ZAQz(xv QQ) LO

+§7Z?/x @ACQ( )Agi(z/2,Q%) ;Ik

+§—§ZE/$ %ACQ( )Ag(w/2,Q%)
NLO -

Daniel de Florian 3



PDFs obtained by global fit : x * minimization

4 A Flexible parametrization at Qo
~few ansatz for PDFs at Q_ )
hundred data with initial set of parameters xAf; (Xa Q()) = Nx®(l - x)ﬂi
points ~ d
N
(T; — E;)? Jr<
=) T )
i=1 i evolve PDFs to relevant scale Q using
> DGLAP
N J change
l parameters
< ) ~ few
thousand
Calculate observable times
and Xx 2
\_ J

ICIFI
UNSAM

X 2 minimum!?
nNo

yes

\4

result : best fit + uncertainties

(many fits)

Precision in polarized pdfs

Borsa, deF, Sassot, Stratmann,Vogelsang (2024)

(1 + yx + nx")

several NLO analyses

DSSV
NNPDF
JAM

“partial” NNLO

MAP Bertone, Chiefa, Nocera (2024)

NNPDF coming: talk by Juan

first global NNLO
BDSSV24
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Why global?

Observables provide sensitivity on different pdfs

= m, K, ...
Jet,
pion

DIS SIDIS pp high-p+ W bosons
AY ,(Ag + A7), Ag,Aq Ag,Aq,Aq Ag,Aq
q=l/t,d, q:l/t,d,S
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talk by Shohini Why NNLO?

TH needed to match experimental
accuracy/understanding
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talk by Shohini Why NNLO?

TH needed to match experimental

accuracy/understanding 70’5,80's LO

(Born Level)
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talk by Shohini Why NNLO?

TH needed to match experimental

accuracy/understanding 70’5,80's LO

(Born Level)

2 o
1 ’ﬁaﬂ”‘ [ -1 '

-_-“-..

e w43
b & petad ¥ ;—-—-nom_\
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talk by Shohini Why NNLO?

TH needed to match experimental
accuracy/understanding

/70’s,80°s LO
(Born Level)

CMS Experiment at the LHC, CERN
. Data recorded: 2012-May-13 20:08:14.621490 GMT

LHC 10’s-20’s-
NLO+PS
NNLO and beyond
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talk by Shohini Why NNLO?

TH needed to match experimental

accuracy/understanding 70’5,80's LO

(Born Level)

e 4 A‘W‘{:__' —!‘1"&!‘_' = .'

LEP- HERA 90’s -00’s

NLO+
LHC 10’s-20’s-
NLO+PS
NNLO and beyond
EIC 30’s-

>NNLO+ and beyond
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talk by Shohini Why NNLO?

TH needed to match experimental
accuracy/understanding

/70’s,80°s LO
(Born Level)

o _ —— ! L PR
m.’krzimiwef AT

‘m LEP- HERA 90's -00’s

CMS Experiment at the LHC, CERN
. Data recorded: 2012-May-13 20:08:14.621490 GMT

LHC 10’s-20’s-
NLO+PS
NNLO and beyond

EIC 30’s-
>NNLO+ and beyond TH effort driven by

experimental possibilities!
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Why NNLO?

Precision!

1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
: | | IIIIIII | | IIIIIII | I 1T 1TIrrri | I 1T 11nli | | IIIII.I_- : LO / :
2 - ~ B ]
: gll) (X,Q2=1O GeVz) : 0.04 / _
1E - - :
' ] 0.02 | .
0 F ] . i :
N ] jet B y
N § ALL O i
_1 :_ _: - | | I | | | | I | | | | I | | |
| _ 1 1 I 1 1 1 1 I 1 1 1 1 1
2 F - 0.04 = STAR 2015 run ‘ _
- - LY <05 / _
-3:— E 0.00 L B 0.5<|<1.0 ! "
4 E - et F :
- ] B e e L B
SE - ALL Of
: | L 1 111 II | | IIIIIII | | IIIIIII | | IIIIIII | | IIIII1_' | 1 1 I | | | | I | | | | I | |
0>  10% 100 107 10" 1 10 20 30
X pr [GeV]
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Not all observables known at NNLO accuracy yet in polarized case

DIS NNLO g coefficients

DY NNLO pp =~ W— e* /(7

Evolution NNLO evolution kernels

HQ Heavy quark matching coefficients

VA SIDIS NNLO SIDIS coefficients

L.Bonino, .Gehrmann, M.Lochner, K.Schonwald (2024)
S.Goyal, R.Lee, S.Moch,V.Pathak, N.Rana,V.Ravindran (2024)

0

& RHIC jets, dijets, hadrons pp — jets, 77

ICIFI rp— .
UNSAM Precision in polarized pdfs

E. B. Zijlstra and W. L. van Neerven (1994)

R. Boughezal, Hai Tao Li, F. Petriello (2021)

S. Moch, |. A.M.Vermaseren, A.Vogt (2014, 2015)
A.Vogt , S. Moch, M. Rogal, ].A.M.Vermaseren (2008)

Bierenbaum et al. (2022)

not ready for use in global fit

hard to implement in Mellin space
(became available while performing fit)

only NLO known
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Rely on Soft approximation at NNLO : dominant terms in the threshold limit (on top of full NLO)

Use threshold resummation at NNLL to obtain the leading terms in the perturbative expansion

= nKo akg(1 — 2) (mw;(_lﬁ—s)) , of6(1 — 2) (ln"’;(_la;:%)) , with m < 2k — 1 0
| + + T =
2pq + q
ok (M557), ("557) with mtn < 2k -2 -2
-+ + ° T Pa * g

SIDIS All distributions known (up to N3LO), missing regular terms
M.Abele, D.de Florian,W.Vogelsang (2022,2023)
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Rely on Soft approximation at NNLO : dominant terms in the threshold limit (on top of full NLO)

Use threshold resummation at NNLL to obtain the leading terms in the perturbative expansion

—= T, K,...

SIDIS

jet,
pion

pp high-p+

ICIFI
UNSAM

ab6(1 — &) (“‘"”“‘2)) akE(1 — 3) (mm“—‘%)) with m < 2k — 1
f + +

S 1-2 S 1—2x Q2
5 —
2Da * q
In"(1—2 In"(1-2 .
af(nl(Am)) (n( Az)) with m+n <2k — 2. Dy
— 1—2 2 =
T T Pa * 4

All distributions known (up to N3LO), missing regular terms
M.Abele, D.de Florian,W.Vogelsang (2022,2023)

All ( )+ distributions known

J;n ! :
~ab—cd in in jet rec ' |
AGPT ~ TP X T X JI X JPC X Tr[AHSTSS]ab_md Eéj N A e
D.deF, W.Vogelsang (in preparation) @

Precision in polarized pdfs Daniel de Florian 9



Rely on Soft approximation at NNLO : dominant terms in the threshold limit (on top of full NLO)

Use threshold resummation at NNLL to obtain the leading terms in the perturbative expansion

= o akd(1-8) (M02) | aka(1- 2) (M5E2) | withm < 2k —1 2
| © + L + A Q

2pq + q

af (lnTr;(—l;CU)) (lnnl(_]-;Z)) Wlth m _|_ n S Qk o 2  Da Dy

" N ° T Pa - q

SIDIS All distributions known (up to N3LO), missing regular terms
M.Abele, D.de Florian,W.Vogelsang (2022,2023)

Jet, C
pion All ( )+ distributions known

Jn |
~ab—cd in in jet rec |
AGPT ~ TP X T X JI X JPC X T&*[AHSTSS]ab_)Cd Eﬁ A JF e
D.deF, W.Vogelsang (in preparation) @

pp high-p+

Another issue: need fragmentation functions, not yet fully global set available at NNLO (use NLO set)
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Rely on Soft approximation at NNLO : dominant terms in the threshold limit (on top of full NLO)

Use threshold resummation at NNLL to obtain the leading terms in the perturbative expansion

= o akd(1-8) (M02) | aka(1- 2) (M5E2) | withm < 2k —1 2
% A v+ g =

2pq - q

af (lnn;(_lg‘”)) (mnl(i;z)) with m+4+n < 2k — 2. . _ Pa Db

+ T ° T Pa - q

SIDIS All distributions known (up to N3LO), missing regular terms
M.Abele, D.de Florian,W.Vogelsang (2022,2023)

Jet, C
pion All ( )+ distributions known

Jn |
~ab—cd in in jet rec
AGYTY ~ T Tt JI X T X T&*[AHSTSS]ab_)Cd E‘fj Y Y gree
D.deF, W.Vogelsang (in preparation) @

pp high-py
Another issue: need fragmentation functions, not yet fully global set available at NNLO (use NLO set)

To be safe: select data in a restricted region of phase space (cuts in Xg;p;¢ > 0.12 and pr > 1.5GeV)

UNaAM Precision in polarized pdfs Daniel de Florian 9



Ingredients

Parameterizations:

(g + AQ)(x, 0) = Ny x(1 =01+ 7%+ npx) - (w,d)

AG(x, 02) = N, x“(1 - x)ﬁq<1 + yqx%) (. d. )

AgCx, Q) = Ny x(1 = 0/ 1+ 7,6 )

Evolution: ZMVFNS  HQ matching coefficients

Assumptions:

Fragmentation:

Errors;:  Montecarlo Error Sampling
Systematic Implementation

ICIFI
UNSAM

no SU(2)/SU(3) constraints

BDSS20 BDSS24 NLO FFs

data replicas — 600 PDFs replicas

Precision in polarized pdfs

O; = 1GeV?

(32 parameters)

QCD-PEGASUS framework checked EKO and APFEL
A.Vogt (2004)

positivity relative to MSHT20 s Bailey et al.

jets/ n°/w* (cutsinxand p;)  1.Borsa etal. (2021,2023)

D. deF et al. (2019)

—> error propagation
— reweighting

Daniel de Florian
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Ingredients

* Parameterizations:

(g + AQ)(x, 0) = Ny x(1 =01+ 7%+ npx) - (w,d)

AG(x, Q) = N, x“(1 — x)ﬁa<1 + ygx‘SfI) (. d. )

AgCx, Q) = Ny x(1 = 0/ 1+ 7,6 )

» Evolution: ZMVFNS  HQ matching coefficients

~ Assumptions:

~ Fragmentation:

*Errors;  Montecarlo Error Sampling
Systematic Implementation

ICIFI
UNSAM

no SU(2)/SU(3) constraints

BDSS20 BDSS24 NLO FFs

data replicas — 600 PDFs replicas

Precision in polarized pdfs

D. deF et al. (2019)

—> error propagation
— reweighting

O; = 1 GeV?

(32 parameters)

QCD-PEGASUS framework checked EKO and APFEL
A.Vogt (2004)

positivity relative to MSHT20 s Bailey et al.

jets/ n°/w* (cutsinxand p;)  1.Borsa etal. (2021,2023)

Daniel de Florian
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Ingredients and Results

Data Selection:

ICIFI
UNSAM

DIS: EMC,SMC,E142,E143,E154,E155,
HERMES, COMPASS, HALL-A,CLAS

(p,n,d,He)

SIDIS: SMC, HERMES, COMPASS
(p,d)— (7", K=, h™)

PP-JETS: STAR run 5,6,9,12,13,15
(v/s = 200,510 GeV)

PP-7"/z%: PHENIX, STAR

PP W*: PHENIX, STAR

Total:

Precision in polarized pdfs

#data NLO NNLO
368 302.7 294.3
114 127.6 122.9
o1 111.1 104.7
78 63.5 66.0
22 22.3 20.3
673 627.2 607.5

Xeprs > 0.12 pr> 1.5 GeV

Daniel de Florian



Distributions

0.4 — ] — ' =] ] E— — 0.2
03 L X(Au +AD) [ x(Ad +Ad) Q" =10GeV" " 01 BDSSV22: NLO with dijets and no cuts on sidis
021 — NLO - ) _ (Au 4+ An) and (Ad + Ad) well constrained
0.1 — NNO B no significant NNLO/NLO differences
0 == L] L] . i | L L . ) 02
T — — — ] ] '
0.15 4 b x(As +A3) -
i \\ — 0.01
O il |-
0.05 1B A“\\\§§\>" .
- —-0.01
0 k\ _
_ — 0.04
0.02 E —_ 1002
OF 0
-0.02 F _ —_-0.02
1E | L L . —-0.04
1 107 10" ‘
X
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0.4
0.3
0.2
0.1

0.15
0.1
0.05

0.02 ¢

0.02 }

Distributions

X(Au +Au)

— NLO
== NNLO

= — — — 02
" x(Ad +Ad) Q% =10 Gevz_' o
| L L | ___().2
- ' [ ' I '
- X(As +AS) :
§\ -1 0.01
\ ........................... _ 0
=
— S .
=—— ~0.01
= _
- L L |
— 0.04
— 0.02
0
—-0.02
_ I I | I | I _‘0.04
10~ 10" ‘
X

Precision in polarized pdfs

BDSSV22: NLO with dijets and no cuts on sidis

(Au 4+ An) and (Ad + Ad) well constrained
no significant NNLO/NLO differences

A g positive
best constrained at RHIC kinematics

NNLO/NLO differences within uncertainties
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0.4
0.3
0.2
0.1

0.15
0.1
0.05

0.02 ¢

0.02 }

Distributions

| T | I | I — | I | I | — 0.2
Xx(Au +Au) - " x(Ad +Ad) Q% =10 GeVz__ o
— NLO 7
—— NNLO |

] ] | ] | ] _— | ] | ] | l — —0.2

| ! | ' | ' 1 F | l | l | I

1 Ex(As +AS) :
- §\ - 0.01
1l - o
=
B ;A&\\>"' i
= ~+0.01
— _
NSS; L L .
: 3 0.04
] ~0.02
0)
__ —-0.02
i= | 1 | 1 | I _‘0.04
T 10" ‘
X

Precision in polarized pdfs

BDSSV22: NLO with dijets and no cuts on sidis

(Au 4+ An) and (Ad + Ad) well constrained
no significant NNLO/NLO differences

A g positive
best constrained at RHIC kinematics

NNLO/NLO differences within uncertainties

(As + AS) consistent with zero
suffers the cut and lack of F, D constraints

Daniel de Florian | 2



0.4
0.3
0.2
0.1

0.15
0.1
0.05

0.02 ¢

0.02 }

Distributions

| 1 | 1 | 1 — | 1 | 1 | 1 p— 0.2
X(Au +AU) 1 [ x(Ad +Ad) Q’ =10GeV"" 01
— NLO -

— NNLO |
| ] I ] I ] __ I ] I ] I ] — —0.2
I | I | I | - B I | I | I |
- [ .X(As +AS) :
. §\ — 0.01
. \ ___________________________ | _—
= =
-1 E= ;A‘\\%"' 7
== ~-0.01
= :
= L L g
i — 0.04
j = 0.02
0
} —4.0.02
1 E | I | I | I _‘0.04
10~ 10" ‘
X

Precision in polarized pdfs

BDSSV22: NLO with dijets and no cuts on sidis

(Au 4+ An) and (Ad + Ad) well constrained
no significant NNLO/NLO differences

A g positive
best constrained at RHIC kinematics

NNLO/NLO differences within uncertainties

(As + AS) consistent with zero
suffers the cut and lack of F, D constraints

Al and Ad opposite signs
constrained by W

(Ac + AC) small!
inherits the gluon uncertainties

strongly dependent on perturbative order

Daniel de Florian | 2



005F 1 T | T T T T T T
E STAR 2009/2015 run
- AY Inl<05 a
0.025F Am 05<hi<10 -
ot = \
AJe O - AW AN X Ve
LL E | I | I I I I | I I I I | I I
10 20 30
005 T T T T T | T -
- — BDSgV22 -
- =—— NLO -
et C -
AJe 0 Cpflm—wb 0 [ RN SO 3
LL [ =
10 20 30
- | -
0.005 - —
10 — -
AL OF Y l if -
- | I I I | | I . | I I L Y | L
2 4 6 8
001 F 1 T T T T T T | T T T T | 1T —
- PHENIX runli—l3 (510 GeV) + -
0.005 —
710 . -
ALL 0 C .I I | I I I I | I I # I | I L -
5 10 15
pr [GeV]
jet,
pion

pp high-pt

ICIFI rp— .
UNSAM Precision in polarized pdfs

Selected Data Sets
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005 I I | I I I I I I
STAR 2009/2015 run

AY Inl<05 .
Om 05<i<10 "

D>

-

-

\®)

N
RERRRRERRRRE

0.05 —r— .
—_— BDSgVZZ

== NLO
NNLO

p= |
o
o
IIIIIIIIIIIII
-«
4

| I I I | !
PHENIX runli—13 (510 GeV) | +

-

-

-

N
TTTTTT]TTTT]

pion

pp high-pt

ICIFI

UNSAM Precision in polarized pdfs

Selected Data Sets

:

PHENIX 2011-13
STAR 2011-13

I I I I I I I I I I I I

T ® xAdu —Aud
A1 !

=)
Yy — BDSSV22

== NLO S—
=— NNLO Y

] I ] ] ] ] I ] ] ] ] I ]

-1 1

W bosons

Daniel de Florian
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0.05
0.025

STAR 2009/2015 run

AY Inl<05
Om 05<i<10

D>

IBDSkV22I

== NLO
NNLO

eyt e T S — E
- | I I | | I . | I I L Y | L
2 4 6 8
=1 T T T T T T | T T T T | T T =
- PHENIX runli—l3 (510 GeV) + -
- | .I - I | "| ------ L L L | ----- | ----- | ----- #I ------ | L I _:

ICIFI
UNSAM

pion

pp high-pt

Precision in polarized pdfs

PHENIX 2011-13
STAR 2011-13

BDSSV22
NLO
NNLO

L /

xAdu — Aud

W bosons

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.7
0.6
0.5
0.4
0.3
0.2
0.1

Selected Data Sets

COMPASS AT

— BDSSV22
—— NLO

—— NNLO

COMPASS AT

\J

COMPASS A%t

COMPASS A

10~ 10"

SIDIS

Daniel de Florian
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Spin Sum Rule

Q* =10 GeV”

/,//// /

—— NLO

04
%D —
>< 0.2 - \
O :
%x O
— NNL
O IIIIII | | | IIIIII | | | L1 1

04 -
CAS 4+ AG 4 Ly L, = - 4 b :
2 ! g9 %021 ~35% -
= :
0 | -
Extrapolation at small x very uncertain... . S
o | _
+ — i}
N 0.5 i — —
S = _
but might saturate the spin sum rule just from spin 2F 7 :
of quarks and gluons (no orbital angular momentum) O N B B B e
10~ 10~ 10"
X min
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Spin Sum Rule

Q* =10 GeV”

/y/////
J:

bD
I < ¢
é .
e —— NLO_
o 7 NNLO
IIIIII | IIIIIIII | | 1 1 111

04 -

CAS 4+ AG 4 Ly L, = - 4 b :

2 ! g9 %021 ~35% -

= :

0 | -

Extrapolation at small x very uncertain... o R T
3

+ — i}

N 0.5 i — —

S = _

but might saturate the spin sum rule just from spin 2F 7 :

of quarks and gluons (no orbital angular momentum) O N B B B e

10~ 10~ 10"
X min
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Spin Sum Rule

EIC 1 1 11 | | | I | Iﬂl | | | | IIII 2I | | I2I I_
needed! | X Q' =10GeV: -
= :
2| B :
S o -
*%; —— NLO .
0 — = NNLO -
| IIIII | | L1 IIIII | | L1 1 IIII | | L1 1 111
-I IIIII | | | | IIIII | | | IIII | | | III_
| | 04 -
= :
N = _
~AY +AGH+ L, + L, = = < ot .
2 ! g9 %021 ~35% -
= :
° ° O _I IIIII | | L1 IIIII | | L1 1 IIII | | L1 1 III—
Extrapolation at small x very uncertain... . ) B ) L L) LR L
T B 3
N 0.5 i = —
ﬁ SS== \ _
but might saturate the spin sum rule just from spin ZF T :
of quarks and gluons (no orbital angular momentum) O Y B B B e
-3 -2 -1
10 10 10 <
min
D LC,LFSIAM Precision in polarized pdfs Daniel de Florian | 4




Key measurement for polarized gluon distribution : g,(x, Q%) at small x at EIC (coefficient + evolution)

0.15
0

—9 0.10
—4

—~ 0.05
o> -6

G

S -8

0.00

DSSV 14

—1
0 BN L EIC./s = 45GeV
4 EIC 45 GeV BN - EICDIS,/5 = 45GeV
_14 ¢  EIC 140 GeV Bl EICDIS/s =45 — 140 GeV
T T s O U T S R T R IR
T i
2
dg1(z, Q) Aschenauer, Borsa, Lucero, Nunes, Sassot (2020)

~ —Ag(SIJ, Q2)1
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QCD+QED/EW effects

Notice that o> ~ a ~ 0.01

6(“59 Cl) — U(O’O)‘FGS 6(1’0) 4 aSZ 0(290)_'_
LO NLOQCD NNLO QCD
® mixed QCD-QED splitting functions known

unpolarized  deF Rodrigo, Sborlini (2016)

Polarized deF., Palma (2023)

® QED corrections to g,(x, (0?) deF., Paima (2023)

*Corrections typically ~1% but can be enhanced
in certain kinematical regions

new distributions: photon and

lepton in the proton

ICIFI
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and EVV effects can be enhanced..

otac Dy +aSaa(1’1)+ .

NLO EW NNLO mixed QCD-EW
o A Avy(z) = ~y(x) at QF = 1GeV /’ —\\
1 B: Avy(xz) = xz~v(x) at QF = 1GeV /‘/ \
0.04
— C: Avy(z) =0 at QF =1GeV // \\
= ”
S e \
= 0.02 // \
—— \
-w ""—--—-’-
0.00 === o . ™
10-3 102 10~!
0.04- . 100 e - — £ o= -
+ L -
., o 0.75 1 #* ——
SN T 2 0.50 1 1
002 | \ & ® . é ) - R,,.'
—~ -~ ., 0.25 T
= - Fomg ‘. "y -~ -
et — .‘.."'—-'-l-r 0.00 - ———— ——
= "'"""*-'u.._____m— T -
0.00 - ~--“';'~.
N~~\\
—0.02 +
103 102 10!

Daniel de Florian
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“Hypothetical DIS process” [+p - L+ X

photon distribution :LUXQED

| . total cross section in terms of structure functions

ICIFI
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g~
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Aglp(p) —

calculated in two ways

. Y
_ 1% QmaXcZ_Qza2 (_Qz)
2 (/42) O.Jx Z Joo Q2 P
o 4m§x2 4m§sz2 8m§x2 2207
< 02 M4 M2 M2
SmZx*  8m’x?
Z]\pﬁ + Zéz )xg2 (xlz, Qz)

_H<

Daniel de Florian

> Xg (x/Z, Qz)

Manohar, Nason, Salam, Zanderighi (2016)
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photon distribution :LUXQED

“H)’pOthetiCEﬂ DIS process” [+p — L+ X calculated in two ways  Manohar, Nason, Salam, Zanderighi (2016)

| . total cross section in terms of structure functions

k, 1 r 1l dZ "Qr%lax sz 2 2
Ao, (p) = o —as (-0
/ Ip\P > 7t (qu) odx 2 Jge 0?2 ph( )
L* (k,
k ( Q) 4m2 2 Am X2Q2 8m2 2 ZZQZ !
H| 4-2z 0 YT Ve v )8 (x/z, Q%)
p /
k\ o 8m§x2 8m§x2 ( / Q2)
— + X X/Z,
W, (p,q) M 02 )

2. from collinear factorization in terms of photon distribution

. M?
A07< zs )/ Aﬁlp(p) B J'dyAA(O O)(yp) Af (X # )
P ’\,\,\,\,Afv/p(x’“z)

\

%x

ICIFI —ry— .
UNSAM Precision in polarized pdfs

equate and deduce photon distribution
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Polarized photon pdf

Data ¢, Data g
. . . . * «  COMPASS v  HERMES
Allows to compute the polarized photon distribution : cLAS - SLACELSS
g . . v SMC x SLAC E143
* Resonance sector, sum of resonances fit
) v I Continous low-Q? region, BKZ model for g

Continous high-Q? region, pPDFs approach
I Elastic region

1 nl% T _> dQ2 ,

A%y (%) = 270 (u2) e = | Jg2 o2 b ()
<X “ Lmin
i 4m?2x? , 8m§x2 ) o ' o
4 -2z g1 (/2.0%)-{ — 57 ) & (+/2.0%)
+a’ (/12) 4(1 — z) 81 (X/Z,ﬂz) } 7 =0.001
***** Tloo 125 B0 175 200
W2

Requires knowledge of structure functions over full kinematical regime : Elastic, Resonance, Continuum

Elastic: E/M Sach Form factors Low Q continuum:YMD model/Fits def., Palma, Volonnino (2024)

Resonance: Fits CLAS data High Q continuum: Perturbative QCD

several sources of uncertainties...

UNaAM Precision in polarized pdfs Daniel de Florian |8



—— 12 =10 GeV?
0.002 - 2 = 100 GeV? deF., Palma,Volonnino (2024)
5 —— 112 = 1000 GeV?
S~
= 0.001 - m— 100000 GeV?
0.000
1.00
0.75 -
~5
~= 0.50
J
0.25 -
0.00 . | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 proton spin carried
z by photons (~1%)

shape consistent with x*t

Uncertainties on distribution (10-20% level) f01.001 A~vdx ~ 0.0049 4 0.0008

D UNaAM Precision in polarized pdfs Daniel de Florian |9



Conclusions

First NNLO global analysis of polarized PDFs:
Good perturbative stability going from NLO to NNLO

Slight improvement in the description of data (after imposing cut on Xgpg)

Outlook:
Include full NNLO SIDIS results — First stage: new NNLO analysis of FFs.

Percent level accuracy required both for EXP and TH (even QED can contribute)

Still rather incomplete picture of the proton’s spin in terms of the contribution from quarks, anti-
quarks and gluons.

The spin program at the future EIC expected to give unique access to the proton’s spin structure.

UUUUU Precision in polarized pdfs Daniel de Florian 20









- Who carries
the spin of the
| don’t know, ask proton!
the americans, they ¢
are building a new

collider ®

\
N /
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THANKS

Daniel de Florian
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Post validation:

1.0 - § COMPASS /s = 174 GeV

= 0.2 < z < 0.85

2084 — LO

B —— NLO
+ 064 —— NNLO

S
h .

%5 0.4

[ ‘
+g=,_. 02 ':
<
0.0 1
1.50 -
| § HERMES Vs = 7.25 GeV
= 1.25 - 02<2<0.38

) -

2 4 001 f : MRST2002 (NLO)
. 1 Af:DSSV14 (NLO)
E— 1
=~ 0.753 D™": DSS08 (NLO)

+ 1

B —

T 0.50 -
+
57 0.25

0.00 1
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Exact NNLO SIDIS coefficients

L.Bonino, T.Gehrmann, M.Lochner, K.Schonwald (2024)

1.0 § COMPASS /5 = 17.4 GeV
] 0.2 <z < 0.85
081 — LO
1 —— NLO
0.6 4 —— NNLO
0.4 1
0.2 1
0.0 1
1.50 -
: 3 HERMES +/s = 7.25 GeV T
1.25 - 02<2<0.8
Lood f :MSHT20 (NNLO) ?
1 Af : BDSSV24 (NNLO)
0.757 D"": BDSSV22 (NNLO) L
0.50 -
: [
0.25 - I
0.00 1 R
102 10! 10

X

NNLO matter for SIDIS
NNLO matter for EIC

1.0

0.8 -

0.6
0.4
0.2

0.0 -

02<2<0.85

§ COMPASS /s = 17.4 GeV
— LO I

] — NLO

- NNLO

1.50 -
1.25
1.00
0.75 -
0.50

0.25 -

0.00 1

3 HERMES /s = 7.25 GeV
02<2<08

f: NNPDF31_pch (NNLO) ?
Af: MAPPDF10 (NNLO)
D™ : MAPFF10 (NNLO) 1

Ll "l"
10~1
€I

FFs matter for SIDIS
No NNLO FFS for RHIC yet

l"ll
102

Daniel de Florian
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Ingredients and Results

Data Selection: #data NLO NNLO NLO NNLO  #data
DIS: EMC,SMC,E142,E143,E154,E155, 368 302.7 204.3 304.7  308.7 368
HERMES, COMPASS, HALL-A,CLAS
(p,n,d,He)
SIDIS: SMC, HERMES, COMPASS 114 127.6 122.9 276.1 322.5 277
(p,d)— (", K*,h™)
no cuts
PP-JETS: STAR run 5,6,9,12,13,15 91 111.1 104.7

(/s = 200,510 GeV) ~ MAP findings

PP-7"/z%: PHENIX, STAR 78 63.5 66.0 V. Bertone et al. (2024)
PP W*: PHENIX, STAR 29 223 20.3
Total: 673 627.2 607.5

Xepis > 0.12 pr> 1.5 GeV
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