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quark TMD PDFs
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The TMD table
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TMDs in black survive transverse-momentum integration. TMDs in red are T-odd

quark pol.
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T f�1T g1T h1, h�1T

Twist-2 TMDs

helicity

transversity
Sivers

Boer-Mulders

pretzelosity

worm-gear

unpolarised TMDunpolarized TMD

Sivers

worm-gear transversity

pretzelosity

Boer-Mulders

helicity

✤  TMDs in black survive  integration; TMDs in red are T-odd 

✤   similar table for TMD FFs
kT



Drell-Yan
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N(PA) +N(PB) ! �⇤/Z ! l+l�
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Semi-Inclusive DIS
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`(l) +N(p) ! `(l0) + h(Ph) +X
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TMD PDF
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Logarithmic accuracy
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Recent TMD fits of unpolarized data
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PV17
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N3LL Drell-Yan fit
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A. Bacchetta, V. Bertone,  C. Bissolotti,  G.  Bozzi,  F.  Delcarro,  F.  Piacenza,  M. Radici
JHEP 07 (2020) 117 e-Print: 1912.07550
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Electron-Ion Collider

11

SIDIS as main process to access TMDs
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Unpolarized quark TMDs 
at EIC



EIC pseudodata
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Electron
Injection

Line

Electron
Cooler

Injector
Linac

(Polarized)
Ion Source

Polarized
Electron
Source

Hadron
Storage

Ring

Electron
Storage

Ring

Possible
Detector 

Location (IP6)

Possible
Detector 

Location (IP8)
Electrons

Electrons

Hadrons

Electron
Injector (RCS)

AGS

EIC

eight options for EIC settings: 
we choose option 8

configurations

10x100

18x275

5x100

5x41

18x100

K−

K+

π+

π− final state  
hadrons

generated by Ralf Seidl and available on 
https://github.com/VladimirovAlexey/EIC_YR_TMD

uncertainties

image from EIC YR 
arXiv:2103.05419



EIC impact studies
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sensitivity coefficients
E. Aschenauer,  I. Borsa,  G. Lucero,  A. S. Nunes,  R. Sassot

arXiv:2007.08300 
from

observable 
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experimental uncertainty

theoretical uncertainty

TMD parameters

https://arxiv.org/abs/2007.08300


EIC impact studies
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sensitivity coefficients
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higher impact for low s



attempts at reweighing
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from NNPDF Collaboration
arXiv:1108.1758

200 replicas are compared  
with pseudodata
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reflect the impact of EIC data on extracted TMDs

x = 0.1
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attempts at reweighing
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EIC impact - fit of pseudodata
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from EIC Yellow Report

green band is the SV19 extraction  

dark grey is a fit of SV19 + EIC pseudodata

on up quark unpolarized TMD PDF f1
I. Scimemi, A. Vladimirov 
JHEP 06 (2020) 137, arXiv: 1912.06532 

https://arxiv.org/abs/1912.06532


Sivers quark TMDs 
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A. Bacchetta, F. Delcarro, C. Pisano, M. Radici 
arXiv:2004.14278

NLL analysis

Sivers



quark Sivers TMDs

21

consistency with

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici 
arXiv:2004.14278

this ingredient is the same and  
must be fixed by unpolarized TMDs

unpolarized TMDs

NLL analysis

unpolarized TMD PDF

Sivers



quark Sivers TMD extractions
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from SIDIS data

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici 
arXiv:2004.14278

M. Echevarria, Z. Kang, J. Terry 
arXiv:2009.10710

JLab, HERMES and COMPASS



Impact of RHIC
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Drell-Yan data

A. Bacchetta, F. Delcarro, C. Pisano, M. Radici 
arXiv:2004.14278

M. Echevarria, Z. Kang, J. Terry 
arXiv:2009.10710

predictions



Impact of RHIC data
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A. Bacchetta, F. Delcarro, C. Pisano, M. Radici 
arXiv:2004.14278

M. Echevarria, Z. Kang, J. Terry 
arXiv:2009.10710

fit with RHIC W & Z datafit without RHIC W & Z data



Impact of RHIC data
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manage to raise predictions

fit with RHIC W & Z data
CAVEAT: positivity bounds

are violated in some regions!

must hold for any value of  and x kT

M. Bury, A. Prokudin, A. Vladimirov 
JHEP 05 (2021) 151, arXiv: 2103.03270



Impact of EIC: reweighing
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EIC pseudodata set has about  

two orders of magnitude
more points than current data

EIC Yellow Report 
arXiv: 2103.05419 

green bands represent the current uncertainty  
blue bands after reweighing

are

CAVEAT:
positivity bounds violated?

must hold for any value of  and x kT

M. Bury, A. Prokudin, A. Vladimirov 
JHEP 05 (2021) 151, arXiv: 2103.03270

https://arxiv.org/abs/2103.05419
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N3LLunpolarized quark TMD PDF extractions isstate of the art accuracy of

impact EIC will have an enormous on TMDs

better determination of  influences the  
accuracy of polarized TMDs as well  

f1

largest impact will be in the regions that  
are not covered by present data 

Sivers

needed to describe present and future  
very precise data

present extractions have difficulties in describing RHIC data
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TMDs: 3D maps
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in momentum space Wigner distributions 
⇢ (x,kT ,bT )
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Semi-Inclusive DIS
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Factorization
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TMD 
UNIVERSALITY

in these cases, TMD factorization is well understood
see, e.g., Ji, Ma, Yuan, PRD 71  

Collins, “Foundations of Perturbative QCD”   
Rogers, Aybat, PRD 83  

Echevarria, Idilbi, Scimemi JHEP 1207  
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PV17 non perturbative functions
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Logarithmic accuracy
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EIC impact studies
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quark Sivers TMDs: parameterization
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Sivers results
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