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Transverse Momentum Dependent Distributions (TMDs)

Generalization of Parton Distributions Functions (PDFs) /N(’ s

b Incorporate the & and < transverse momentum

\{ Hadron’s 3D internal structure ]

Extracted from the experimental data through global analyses

b 4

L TMD factorization theorem =) Great predictive power
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The need for power corrections
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The need for power corrections
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Develop a theoretical framework including them
TMD-with-KPCs factorization theorem For details, see [AV, 2307.13054v2]
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Develop a theoretical framework including them
TMD-with-KPCs factorization theorem For details, see [AV, 2307.13054v2]

Focus on Kinematic Power Corrections (KPCs)
We that in the TMD factorization regime

Restore and
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Angular distributions of Drell-Yan leptons

A complete description including KPCs

* Feasibility of using the TMD-with-KPCs factorization
L Drell-Yan == Proton (&)-) — proton ( #)-) collision to leptons (& @)

b Angular distributions of Drell-Yan leptons in the TMD factorization approach
[2407.06277]
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Angular distributions of Drell-Yan leptons

A complete description including KPCs

of using the KPCs

Drell-Yan Proton (€)-) — proton (@)-) collision to leptons (& @)

Angular distributions of Drell-Yan leptons in the TMD factorization approach
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Angular distributions of Drell-Yan leptons

A complete description including KPCs

of using the KPCs

Drell-Yan Proton (€)-) — proton (@)-) collision to leptons (& @)

Angular distributions of Drell-Yan leptons in the TMD factorization approach
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Angular distributions of Drell-Yan leptons

A complete description including KPCs

of using the KPCs

Drell-Yan Proton (€)-) — proton (@)-) collision to leptons (& @)

Angular distributions of Drell-Yan leptons in the TMD factorization approach
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KPCs in semi-Inclusive deep inelastic scattering (SIDIS) [I]

Let’s shift our to' SIDIS process for

Proton ( #)-) — lepton (@) collision where 1 hadron is measured
structure functions

do o=~ gl We want to
: x Z Ci {_Ffz' them KPCs
1

\
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KPCs for TMD factorization theorem of semi-inclusive deep inelastic scattering [2510.14496]
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=~ gl We want to
dl...] ~ Z CilFi them KPCs
1

KPCs for TMD factorization theorem of semi-inclusive deep inelastic scattering [2510.14496]
We obtained for all SIDIS structure functions...

Even for that in the l

Example Fyu,L
in current

( Study the impact of including KPCs on SIDIS observables )
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KPCs in semi-Inclusive deep inelastic scattering (SIDIS) [Il]
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KPCs in semi-Inclusive deep inelastic scattering (SIDIS) [li]
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Take home messages and future work

» The TMD-with-KPCs factorization theorem [2307.13054v2] has been tested

h—————————

ﬁ-—-—-—-—-

L The cross-section grows when incorporating KPCs and Fyrp, 1,
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Take home messages and future work

The |2307.13054v2] has been
Angular distributions of leptons can be satisfactorily [2407.06277]
SIDIS structure functions have been using it | [2510.14496]
The when incorporating and Fyo,r
What comes ?
these into Drell-Yan and SIDIS
[2103.0327v1]
( Extract TMDs including ) 1o .
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Take home messages and future work

The has been
Angular distributions of leptons can be satisfactorily
SIDIS structure functions have been using it
The when incorporating and Fyo,r
What comes

Thank you for your attention! © j

( Extract TMDs including )
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Power corrections

The four types
to the powersof  Q (~ g™ ~q")
The power corrections can be categorized into conceptual
corrections ~ M /() hadron mass
power corrections ~ (A/Q)" 2 TMDs of larger
power corrections
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The hierarchy of the TMD factorization theorem

There is a whole of

Leading power (LP)

Next-to-leading power (NLP)

N2LP

N3LP

Kinematic power
corrections (KPCs)
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factorization theorem

Theoretical framework including For details. see



The hierarchy of the TMD factorization theorem

of the
WH — d*b ,—i(bgr)
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The hierarchy of the TMD factorization theorem

of the

N, (27r)2 D, TMD of twist-n
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Unique non-perturbative content

Independent contributions



The hierarchy of the TMD factorization theorem

of the

72
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Same TMDs and perturbative part as LP

All power-suppressed terms containing twist-2 TMDs

Restoration of gauge and frame invariance



Angular distributions of Drell-Yan leptons

of using the unpolarized Drell-Yan as a starting point

Angular distributions of Drell-Yan leptons in the TMD factorization approach

First practical application of this framework [S. Pilofieta, AV, 2407.06277]

: -t E ‘n/-\ Unpolarized angle-integrated cross-section
do 3| doUtL

— I
dprdydQdS} 167, dpprdydQ :{
ke - = = = 1 o 2
(1 + cos?0) + 32608 0
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The are
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Angular distribution A,
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Angular distribution A,

003 A, 0<lyl <1 1 0.08] 1<|yl<2

- —e— ATLAS 2 <|y| < 3.5
0.02} ] [ i 010l —¥—CMSs
[ 0.06f ===l
0.01} [
i 0.05sf  pm=———=
0.00F
-0.01:—
[ 0.00
-0.02f
0 OIIIIS‘IIIIOIIIIISIIIIZO
qr(GeV)
7 "\\
| Including the computation of the I
I : R : I
' leading g,/Q correction fixes the jump! )




Angular distribution A,

Proportional to the distributions ( )

in standard fi

Comparison as a of ¢, with ATLAS, CMS and LHCb measurements
: i 018
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Theory very well



Angular distribution A,

Proportional to the distributions (

in standard fi

Comparison as a of v with ATLAS, CMS and LHCb measurements
A4 0.15
0.10
0.05
32 123y
—&— ATLAS gy € [2.5,5.0] ——&— %L —e— ATLAS ¢y € [125,15]
~—y- CMS gr € [0,10] ol Y CMSgr € [10,20]
—=— LHCb g7 € [0, 100] [ —=— LHCb g7 € [0,100]
0.15F

The is



Angular distribution A,
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Angular distribution A,
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Lam-Tung relation (A, — A,) description

At

If we

0.05-

0.00

-0.05-

, the

theorem can

(Ao — Ao)pp ~ K /M*

the theoretical

This allows us to make

Ay — Ay N
. o °® ]
I — TMD-with-KPC
I prediction |
+ @ ATLAS @ LHC
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also

The

the

Good

by an extra atg factor

up to qr ~ 30 GeV !

only possible



Moving to SIDIS: structure functions computation using KPCs

Now, let’s shift our to! SIDIS essential process for probing hadron structure

structure functions

do ag y2 .
= em F F 2 1 FCOS N
dedydiydzdendpy 2yQ2? 2(1 — ¢) { vur +eFyu,L + \/mcos dnFLS

e o8 (205) FE2529 4 \oy/26(1 — €) sin ¢y Fo2 O +

We want to them
{Fovr+ ..} = rloey we
’ 4z Q2 M
@
@ computed using the factorization theorem
coefficient function as W =0
Main with Convolution integral Cx pc
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Ratio of KPCs-summed to LP cross-sections

| study the doxpc/dorpin different
doxprc ~ Fuu,r doxprc ~ Fuur +<cFuu,L
i do
r KPC L
 doin pr =01GeV,z=0.7 247 p.=01GeV,z =05
| 22 L
4 :
I 20F

Labr TN £=0.85-1.

Q=2GeV Corrections to (Fuu,r)rr both for Fyy,r and Frror

As the corrections become and Qlim dogpc =dorp
— 00



Longitudinal photons effects in different kinematics

What about the of ( Firo,r ) for different ?
035 0.20 ¢ 0.12 r
JLab kin. COMPASS kin. EIC kin.
030 Q=125GeV : Q = 4.5GeV 0.10 - Q = 6.5GeV
I 0.15+
0.25F L [
= Fyur +<cFvur 0.08 -
0.20 Four i _
Four e 0.10 - 0.06 -
0.15 —Fuue I
: 7 0.04 -
0101 £=0.6-0.9 0.05 -
0.05 \ . 7
000" : ‘ ‘ : 0.00 -t ‘ ‘ : : 0.00 : : e — :
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.2 0.3 04 05 06 07 08 01 02 03 04 05 06 07 08
xr x T
At , the Fis17,1 contribution is clearly
JLab difference between (Fy 7)) and Fyy,r + eFuu,r

Less important at EIC but still visible
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