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“EIC-based science is broad and diverse.
 
It runs the gamut from detailed investigation of 
hadronic structure with unprecedented 
precision to explorations of new regimes of 
strongly interacting matter.” 

From the Yellow Report, p.17:  https://inspirehep.net/literature/1851258 

https://inspirehep.net/literature/1851258


5https://www.jlab.org/eic

https://www.jlab.org/eic


The Yellow Report
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The “EIC Yellow Report”
A community effort to line out the science 

requirements and detector concepts for the EIC

see also the EIC Users Group website:
http://eicug.org/ 

2021

http://eicug.org/


The hadron structure landscape

Credit picture: M. Diehl - [arXiv 1512.01328] 7



The hadron structure landscape
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Fragmentation functions (FFs)
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“Maps” of hadron formation in momentum space

single-hadron collinear FF

single-hadron TMD FF

di-hadron FF

inclusive jet FF

in-jet FF



Quark TMD PDFs (spin ½)
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At leading twist: 8 TMD PDFs

(similar classification for gluons)

The symmetries of QCD play
a crucial role in this classification

● Black: time-reversal even AND collinear

● Blue: time-reversal even

● Red: time-reversal odd (process dependence)

Quark inside spin ½ hadron



“Imaging”

11

?



“Imaging” from SIDIS
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Credit picture: C. Weiss

From JLab 12 GeV, Hermes, Compass
to the EIC:

zooming into hadron structure

Importance of “complementary” experiments!



Collinear PDFs
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PDFs: what do we know
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See https://inspirehep.net/literature/1801417 

https://inspirehep.net/literature/1801417


PDFs: what do we know
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See https://inspirehep.net/literature/1801417 

https://inspirehep.net/literature/1801417


Impact studies: helicity
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See https://inspirehep.net/literature/1851258 

Helicity PDF

https://inspirehep.net/literature/1851258


Impact studies: helicity
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See https://inspirehep.net/literature/1851258 

Helicity PDF

https://inspirehep.net/literature/1851258


Impact studies: transversity
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See https://inspirehep.net/literature/1851258 

Transversity PDF and tensor charge: fit of EIC pseudo-data

Lattice
calculations

https://inspirehep.net/literature/1851258
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Transversity PDF and tensor charge: fit of EIC pseudo-data

Impact studies: transversity See https://inspirehep.net/literature/1851258 

https://inspirehep.net/literature/1851258


Impact studies: unpolarized
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See https://inspirehep.net/literature/1851258 

Reweighting technique: https://inspirehep.net/literature/1722245 

https://inspirehep.net/literature/1851258
https://inspirehep.net/literature/1722245


Unpolarized TMDs
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TMD factorization
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● The TMDs reproduce the structure of the 
IR poles in the cross section 
(same non-perturbative physics)

● The observed transverse momentum is 
accounted for by the transverse momenta of 
quarks

● The quark transverse momentum has 
radiative (perturbative) and intrinsic 
(non-perturbative) components

● Renormalization = evolution equations tell us 
how to distinguish between the two



TMD region: low transverse momentum
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https://inspirehep.net/literature/1771006  

https://inspirehep.net/literature/1785810  

Hadronic collisions

https://inspirehep.net/literature/1771006
https://inspirehep.net/literature/1785810


TMD region: low transverse momentum

24



TMD region: low transverse momentum
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Importance of EIC:

Extended kinematic ranges
compared to existing

facilities: 
more data in the TMD 

region and better 
separation of 

fragmentation regions

See https://inspirehep.net/literature/1851258 

“Affinity” with TMD region

https://inspirehep.net/literature/1851258


Non perturbative components
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See e.g. https://inspirehep.net/literature/1785810 for more details (but also JCC book, etc.)

x

x

→  TMD distribution at initial scales

→  evolution in μ

→  evolution in ζ

Non-pert. corrections
(large bT)

Prior knowledge
assumed (?)

Calculable in pQCD

https://inspirehep.net/literature/1785810


A selection of recent fits
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Unpolarized TMDs: SV19
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Extraction from SIDIS (Hermes, Compass) and Drell-Yan data (Phenix, fixed-target at Fermilab, 
CDF, DO, ATLAS, CMS, LHCb)

see https://inspirehep.net/literature/1770788 

https://inspirehep.net/literature/1770788


TMD impact studies: SV19
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See https://inspirehep.net/literature/1851258 

Up in proton 
TMD PDF

Up to pion+
TMD FF

Fit with EIC
pseudo-data 

https://inspirehep.net/literature/1851258


TMD impact studies: SV19
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See https://inspirehep.net/literature/1851258 

→  evolution in ζ

Non-pert. corrections
(large bT)

Typically a function of bT^2
with one or two parameters
(with variations of course)

Huge impact of EIC SIDIS 
program on 

non-perturbative TMD 
evolution

https://inspirehep.net/literature/1851258


Unpolarized TMDs: PV17

3131

Imaging from SIDIS (Hermes and Compass) and Drell-Yan data (ixed-target at Fermilab, CDF, DO)

Unpolarized TMD PDF

Unpolarized TMD FF

Combining SIDIS and Drell-Yan:
Possibility to disentangle 

hadron structure and formation

See https://inspirehep.net/literature/1520011 

see https://inspirehep.net/literature/1520011  

https://inspirehep.net/literature/1520011
https://inspirehep.net/literature/1520011


TMD impact studies: PV17
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Reweighting technique (no fit of EIC pseudo-data)

(see C. Bissolotti’s talk at DIS 2021)



TMD impact studies: PV17
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O: e.g. a SIDIS structure function
fi : the non-perturbative TMD parameters

(see C. Bissolotti’s talk at DIS 2021)



TMD impact studies: PV17
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O: e.g. a SIDIS structure function
fi : the non-perturbative TMD parameters

Stronger effect at
lower energies

(see C. Bissolotti’s talk at DIS 2021)



Polarized TMDs

35



Wilson lines for TMD PDFs
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Wilson lines for collinear PDFs
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In the collinear limit the two gauge links reduce to the same object
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Jet SIDIS - Sivers asymmetry
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See https://inspirehep.net/literature/1806918 

Back-to-back electron-jet production at 
small imbalance qT

https://inspirehep.net/literature/1806918


In-jet Collins TMD FF
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Credit picture: M. Radici



In-jet Collins TMD FF

40See https://inspirehep.net/literature/1806918 

https://inspirehep.net/literature/1806918


Perspectives for the future
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It’s clear how the EIC will improve our understanding of (hadron) physics!

A non-exhaustive personal list of open questions:

● experimental confirmation of sign change relation

● Flavor structure of TMDs

● gluon observables and spin-1 effects

● what can hadronization teach us about confinement?

● interplay between nuclear/hadron and high-energy physics
(BMS scenarios via large-x, transversity, flavor, etc. )

● ··



Backup
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The Electron-Ion Collider (EIC)
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https://www.bnl.gov/eic/

2017

2012

https://www.bnl.gov/eic/


The Electron-Ion Collider (EIC)
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2018

2019:  DoE critical decision 0

2020:  site selection (BNL)

2021:  DoE critical decision 1

https://www.bnl.gov/eic/

https://www.bnl.gov/eic/


CEBAF  at  Jefferson Lab
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CEBAF:

Continuous Electron 
Beam

Accelerator Facility

Built in 1984,
recently completed a 

major upgrade 
from 6 GeV to 12 GeV 

+ one new hall
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● Hall A & C: hadron structure, high luminosity

● Hall B: hadron structure, 4𝜋 coverage

● Hall D: hadron spectroscopy



Quark TMD PDFs (spin ½)

47From Bacchetta’s “Trento” lecture notes



Sign-change for Sivers function

48



Sign-change for Sivers function

49



Sign-change for Sivers function
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Sign-change for Sivers function
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Higher twist
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gT structure function in inclusive DIS (collinear twist 3 factorization) 

See https://inspirehep.net/literature/1801417 

https://inspirehep.net/literature/1801417

