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Nucleon spin structure (twist-2): collinear approach TMDs
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Nucleon spin structure (twist-2): TMDs
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See Francesco Murgiaôs talk

- spin of the nucleon;     - spin of the quark          - kT
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SIDIS x-section and TMDs at twist-2

B. Parsamyan 8

U L T

U Ὢ ὼȟ▓
number density

Ὤ ὼȟ▓
Boer-Mulders

L Ὣ ὼȟ▓
Helicity

Ὤ ὼȟ▓
worm-gear L

T Ὢ ὼȟ▓
Sivers

Ὣ ὼȟ▓
Kotzinian-Mulders

worm-gear T

Ὤ ὼȟ▓
transversity

Ὤ ὼȟ▓
pretzelosity

quark

n
u

c
le

o
n

T-odd

T-odd



( )

( ) ( )
( ) ( )
( ) ( )

( ) ( )

 

cos2

sin 2

si

, ,2

 

2

n

sin

sin 3

c

T

s2 o

T

1 cos 2

  sin 2  

sin
   

  S    sin

 sin 3

  S c

1

1 os

h

h

h S

h S

h S

h S

UU T UU L

T h S

h

L h

UU

U

LO

L LL

UT

UT

L

h S

h S

h SUT

LT h

A

A A

A

A

d
F F

dxdydzdp

A

A

d d

S S

f

f

f f

f f

f f

f f

e
f f

f

f

e

e l

f f

f f

f f

l

e

e

e

s

f

e

-

+

-

-

´ +

+

+ +

è ø-
é ù³
é ù+ + +
é ù
é

ú

-

ù-
ê

+

-

+

( )  Sf

ë û
î î
î î
î î
î î
î î
ì ü
î î
î î
î î
î î

è ø-î î
é ùê úí ý

 

 

cos2

1 1

sin( )

1 1

sin( )

1 1

sin(3 )

1 1

h

h s

h s

h s

q h

UU q

q h

UT T q

q h

UT q

q h

UT T q

A h H

A f D

A h H

A h H

f

f f

f f

f f

^ ^

- ^

+ ^

- ^ ^

´ Ã

´ Ã

´ Ã

´ Ã

4 June 2024 9

SIDIS x-section and TMDs at twist-2
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Single-polarized Drell-Yan x-section and twist-2 TMDs

10

SIDIS  Drell-Yan sign-change of the

T-odd TMD PDFs

Fundamental quest: COMPASS, STAR, SpinQuest, LHCspin, etc.
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Polarized SIDIS and Drell-Yan: universality 

B. Parsamyan
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Polarized SIDIS and DY ï factorization and kinematic regions

B. Parsamyan

Q 
2

ɔ*

P

xP

Õ Õ'

N

h

X
P

xP

Q 
2

ī́ X

N X

Õ+

Õī

q

qī

ɔ* , W , Z

Semi-inclusive DIS Drell-Yan process

xF

qT  Ó Q

Current fragmentation

Collinear factorization

Current fragmentation

TMD factorization

PDFs, FFs

Target fragmentation

TMD factorization

Fracture Functions

Soft region

High qT ï Collinear factorization

Low qT ï TMD factorization

High xF ï Current fragmentation

Low xF ï Target fragmentation

qT << Q

T-odd TMD PDFs

sign change



4 June 2024 13

Polarized SIDIS and DY ï factorization and kinematic regions

B. Parsamyan
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? ?

M. Bury, A. Prokudin and A. Vladimirov

JHEP 05 (2021) 151

ŭ=qT/Q
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Polarized SIDIS and DY ï factorization and kinematic regions
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M. Bury, A. Prokudin and A. Vladimirov

JHEP 05 (2021) 151
JAM, JHEP 04 (2022) 084

What have you done 

with our dataé

One persons ócomplicationô is another person's signalé

A. Vossen
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Polarized SIDIS and DY ï factorization and kinematic regions
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Letôs see together 
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Main polarized SIDIS (Drell-Yan) inputs 1995-2022

B. Parsamyan
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HERMES (data taking: 1995-2007)

Beam: e+, eī 27.6 GeV/c

L- and T- polarized proton target

COMPASS (data taking: 2002-2022) 

Beam: ɛ+, 160 GeV/c

L- and T- polarized NH3, 6LiD targets



T-odd TMD PDFs

sign change
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Main TMD tools ï universality and synergies
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Main TMD tools ï list of experiments (non exhaustive)
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Main TMD tools ï experiment overviews
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Oleg Eyser, Bassam Aboona, Bok JeongsuAnselm Vossen, Bernd Surrow, Gunar Schnell

Catarina Quintans, Oleg Eyser, Charlotte Van Hulse

Harut Avagyan, Elke-Caroline Aschenauer, Yuxiang Zhao, Stefan Diehl, 

Haiyan Gao, Athira Vijayakumar, Andrea Bressan
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ÅUniversality (sign changes)

B. Parsamyan
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Sivers TMD PDF: sign change

B. Parsamyan

STAR, arXiv:2308.15496 [hep-ex]The RHIC Cold QCD program: arXiv:2302.00605 [nucl-ex]

COMPASS, arXiv:2312.17379 [hep-ex]

accepted by PRL

in production

SIDIS Drell-Yan (W, Z)

sign change of T-odd TMD PDFs

Å Difficult measurement

Å Low x-section, background

Å Sivers TMD PDF

Å Pioneering measurements 

Å COMPASS (Drell-Yan): 2015, 2018

Å STAR (W, Z): 2011, 2017, 2022

Å COMPASS data favors the sign change

Å Useful input to constrain the fits

See Oleg Eyserôs talk

See Catarina Quintansô talk

https://arxiv.org/abs/2308.15496
https://arxiv.org/abs/2302.00605
https://arxiv.org/abs/2312.17379


COMPASS, arXiv:2312.17379 [hep-ex]

accepted by PRL

in production
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Sivers effect: Drell-Yan and J/ɣ
sin
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See Catarina Quintansô talk

hep-ex/2312.17379

Accepted by PRL

(in production)
curves based on 

JHEP 02, (2021),166

Å COMPASS data favors the sign change

Å Useful input to constrain the fits

Å None of the models can be preferred

Å The Drell-Yan Sivers asymmetry tends to be positive (~1.5 s.d.)

https://arxiv.org/abs/2312.17379
https://arxiv.org/abs/2312.17379
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Sivers effect: Drell-Yan and J/ɣ
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M. Anselmino et al. 

PLB 770 (2017) 302

Å J/ɣ Sivers asymmetry is compatible with zero (within ~ 1%)

Å Predictions for a large Sivers effect in Drell-Yan and J/ɣ at COMPASS 

Å Hint that J/ɣ production might go via gg fusion in COMPASS?

Å Access to small gluon TMDs?

See Catarina Quintansô talk

Å The Drell-Yan Sivers asymmetry tends to be positive (~1.5 s.d.)

hep-ex/2312.17379

Accepted by PRL

(in production)
curves based on 

JHEP 02, (2021),166

https://arxiv.org/abs/2312.17379
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Sivers TMD PDF: sign change - future

B. Parsamyan
See Charlotte Van Hulseôs talk

Forward acceptance: 2 < ɖ < 5

Tracking system momentum resolution 

ȹp/p = 0.5%-1.0% (5 GeV/c - 100 GeV/c)

JINST 3 (2008) S08005  

IJMPA 30 (2015) 1530022

Nucl. Instrum. Methods

Phys. Res., Sect. A 930, 49 (2019)

DGLAP: M. Anselminoet al,

JHEP04,(2017)046

TMD-1: M. G. Echevarriaet al, 

PRD89,074013(2014)

TMD-2: P. Sun and F. Yuan, 

PRD88,114012(2013)


