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Today’s talk 

Describe the distribution of quarks and gluons in a 
nucleon with respect to  and  x kT
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Accessing TMDs at JLab

SIDIS 

TMDs are NOT direct physical observables!

           

multi-dimensional observables

x Q2 ϕs z Ph⊥ ϕh

ep → e′￼hX
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SIDIS Kinematics

cos ϕh =
q̂ × l

| q̂ × l |
⋅

q̂ × Ph

| q̂ × Ph |

sin ϕh =
(l × Ph) ⋅ q̂

| q̂ × l | | q̂ × Ph |

Q2 = − (l − l′￼)2

s = (P + l)2

W2 = (P + q)2

y =
P ⋅ q
P ⋅ l

Momentum 
transfer:

Angle between lepton and hadron planes
Angle between lepton plane and nucleon spin

ϕh :
ϕS :

Center-of-mass energy: 

x =
Q2

2P ⋅ q

Invariant mass:

W ′￼2 = (P + q − Ph)2Missing mass:

z =
Ph ⋅ P
P ⋅ q

Trento Conventions
Phys. Rev. D70, 117504 (2004) 6

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.70.117504


Leading twist distribution 
functions

Spin 1/2

Phys. Rev. D 62 (2000)
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After integrating over the transverse momentum:

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%20hep-ph%2F0007120


Leading twist distribution 
functions

Spin 1

Phys. Rev. D 62 (2000)8

After integrating over the transverse momentum:

Add 10 leading functions 
completely unexplored

https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%20hep-ph%2F0007120


This talk: Longitudinally Polarized 
Target

J. Zhao et al., arXiv:2508.06134 (2025).9

https://inspirehep.net/literature/2958480


This talk: Longitudinally Polarized 
Target

Vector Polarization

Tensor Polarization

*

*

* Along the q-vector J. Zhao et al., arXiv:2508.06134 (2025).
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https://inspirehep.net/literature/2958480


This talk: Longitudinally Polarized 
Target

Electron helicity

J. Zhao et al., arXiv:2508.06134 (2025).
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https://inspirehep.net/literature/2958480


This talk: Longitudinally Polarized 
Target

5 structure functions analogous to the unpolarized

J. Zhao et al., arXiv:2508.06134 (2025).
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https://inspirehep.net/literature/2958480


Tensor-polarized structure functions
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Leading twist

Tensor-polarized structure functions
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Let’s start simple:

How do we approach this structure function?
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1. Understand the size of these contribution to 
propose dedicated experiments

“Spin 1 Transverse Momentum Dependent Tensor 
Structure Functions in CLAS12” 

CLAS12 Approved Analysis (CAA approved in Fall 2024) 
Data: Polarized Deuterium (  via DNP). ~20% 

Goal: understand the size of the tensor contribution to the SIDIS processes ( )

ND3 Qmax

eD → e′￼π±X
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Run group C data 
(  via DNP)ND3

Although small, the tensor 
polarization is non-negligible.
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General Idea

By generating pseudo-data within the 
error bars including the 7% relative 
uncertainty of the dilution factor.  The 
expected measured slope is 0.099 ± 
0.046.

* This 10% estimate comes from the HERMES measurement of b1 (the 
collinear structure function), which is the only available data to date. 
Phys.Rev.Lett.95 (2005) 

Assuming vector + and - are about the same 
size:

Subtracting the unpolarized cross-section 
and rearranging terms:

CAA: arXiv:2502.20044, 202518

https://inspirehep.net/literature/684394
https://arxiv.org/abs/2502.20044


2. Dedicated experiment 

"Spin-1 TMDs and Structure Functions of the Deuteron" 
at Hall C 

Letter of Intent (LOI12-24-002 PAC 52, 2024) 

Goal: Dedicated Measurement in Hall C ( )eD → e′￼π±X

SHMS

SBS
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A longitudinally tensor polarized deuteron target 

The Super BigBite (SBS) Spectrometer, which will be used to 
measure the produced hadron 

The Super High Momentum Spectrometer (SHMS) will be 
used to measure the scattered electron 

Kinematic Settings
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[GeV]

Current estimate

This 10% estimate comes from the HERMES 
measurement of b1 (the collinear structure 
function), which is the only available data to date. 
Phys.Rev.Lett.95 (2005) 

This estimate was done using the event 
generator for SoLID: 
https://github.com/TianboLiu/LiuSIDIS 

Current plans: 

• Perform full simulation (Jan Vanek) 

• Full proposal (2026) 
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https://inspirehep.net/literature/684394
https://github.com/TianboLiu/LiuSIDIS


3. Full mapping in SoLID

“Future Proposals" 
 0.3 < z < 0.7 
 Q  > 1.0 GeV  
W > 2.3 GeV 
W’ > 1.6 GeV

2 2
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Unpolarized rates for π−

“Future Proposals" 
 0.3 < z < 0.7 
 Q  > 1.0 GeV  
W > 2.3 GeV 
W’ > 1.6 GeV 

E= 11 GeV

2 2
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Transverse Momentum Distributions (TMDs)
3D structure of the nucleon

Unpolarized TMD: cylindrically symmetric 

Courtesy of Alessandro Bacchetta
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Work in Progress 
Theory predictions for the spin-1 tensor st

Unpolarized Tensor

Phys.Rev.C 96 (2017) 4, 045206

 predictionsρ

Maybe cylindrical is not a right approximation
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(CAA)
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SIDIS spin 1 measurements open 
the door to a complete new set of 
observables. 

Theory efforts are being made to 
provide predictions.

Summary
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