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TMD physics roots
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1913 atomic nucleus
1919 proton
1922 Stern-Gerlach
1925 spin    100 years!
1933 proton anomalous magnetic moment



·   2005 first published evidence of non-zero Collins and Sivers effects (HERMES-COMPASS)    20 years!
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Transverse spin asymmetries:
a long-standing puzzle
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Cannot be explained 
in the leading-twist 
collinear picture
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TMD distributions

“Quest for understanding hadrons and the origin of their mass and spin”

 mapping of quarks and gluons with their dynamics and multiple degrees of freedom

SPIN2025   -   Qingdao          22.09.2025          TMD Experiments                                 Fulvio Tessarotto



5

TMD distributions

“Quest for understanding hadrons and the origin of their mass and spin”

 mapping of quarks and gluons with their dynamics and multiple degrees of freedom

SPIN2025   -   Qingdao          22.09.2025          TMD Experiments                                 Fulvio Tessarotto



6

TMD distributions

“Quest for understanding hadrons and the origin of their mass and spin”

 mapping of quarks and gluons with their dynamics and multiple degrees of freedom

SPIN2025   -   Qingdao          22.09.2025          TMD Experiments                                 Fulvio Tessarotto

For GPD Experiments see 
review by Daria Sokan.
For GPD theory see 
review by Pawel Shneider 
on Thursday

For Inclusive scattering see review by Xiaochao Zheng  
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TMD Theory: great progress!

progress still ongoing
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See TMD theory review 
by Kazuhiro Watanabe 
on Thursday

For lattice calculations 
of TMD see review by 
Wei Wang later today



9

New phenomenological approaches 
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Combined extraction of pdfs and TMDs  TMD GROUP
(A. Prokudin at QCD-N IWHSS)
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List of main TMD contributing experiments
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TMDs at twist-2
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SIDIS cross-section at twist-2
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Unpolarised SIDIS multiplicities
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PRD 112 (2025) 012002

https://wwwcompass-private.cern.ch/compass/publications/papers/locked/journal/2025_prd112_012002.pdf
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PT
2 distributions
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Intrinsic + fragmentation

expected:
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TMDs from JLAB Halls C
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Unpolarised SIDIS modulations
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AN in proton-proton collision
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π˚ production

PRD 103 (2021) 092009

AIP Conf. Proc. 915 (2007) 533 PRD 86 (2012) 051101

curves: PRD 102 (2020) 054002 
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First sPHENIX SSA extractions (π˚, η)
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Sivers TMD 
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PRL 94 (2005) 012002

PLB 744 (2015) 250

PRL 119 (2017) 112002

PRL 116 (2016) 132301
A. Bacchetta et al. PLB 827 (2022) 136961
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COMPASS data taking: 20 years
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COMPASS
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COMPASS
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Unpolarized Drell-Yan
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Drell-Yan cross-section
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expected to be large
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Sivers:  DY and SIDIS 
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PRL 133 (2024) 071902

consistent with 
sign change

in the same kinematic range
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Transversity and Collins effect
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Transversity (h1 ) measures the probability to find a quark in an eigenstate of transversely 
projected Pauli-Lubanski spin in a transversely polarized nucleon.
Transversity PDF concept: Ralston and Soper, 1979.
h1 with f1 and g1  leading power collinear description of the structure of a spin ½ hadron.
h1 chiral odd  another chiral odd function needed for a chiral even observable.
Collins FF: correlation between transverse spin of fragmenting quark and transverse 
momentum of produced final hadron. It is chiral odd.
Collins FF: cos(2φ) modulation in e+e- cross-section  Collins FF and h1 measurable.

PLB 744 (2015) 250

favored and unfavored Collins are both large

PRD 102 (2020) 054002

tensor 
charges:
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Collins effect in 2022 COMPASS data
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COMPASS Drell-Yan: transversity
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SIDIS dihadron 
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Multiplicities:

COMPASS dihadron panorama

Modulations:

Unpolarised:

Longitudinal:
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Collins effect for K˚
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Boer-Mulders, worm-gear,
Kotzinian-Mulders, Pretzelosity
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Boer-Mulders: distribution of unpolarized quarks in transversely polarized 
target (counterpart of Sivers). It is both T-odd and chiral odd.

DY unpolarized 
cross-section: 
Lam-Tung relation 
violation  Boer 
Mulders effect?

Pretzelosity: transversely polarized quarks in transversely 
polarized nucleon. It is related to orbital angular momentum
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Subleading TMDs
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Suppressed 
by factor Λ/Q

TMD handbook figure

NPB 886 (2014) 1046
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CLAS12 
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ePIC
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EIC impact
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LHCspin
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JLAB program
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CLAS12
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JLAB 22 GeV
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sPHENIX program
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SpinQuest
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SpinQuest
Commisioning + first data
Plans a run in 2026
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NICA
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Conclusions

- TMD physics made enormous progress in 20 years

- New insight in the dynamic hadron structure 

- Brilliant future for ongoing experiments and new facilities
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