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Studying Nucleon & Deuteron Structure

• Understanding nucleon & nuclear 
structure is the core of JLab’s mission

• Simplest Nucleus: Deuteron

• Tensor Structure: “Is a deuteron just a 
simple bound state of p and n or is there 
more complexity?”

• Nucleon Structure Observables:
• GPDs, PDFs, TMDs, Form Factors…



TMDs are essential for investigating nuclear 
structure
• Transverse-Momentum-Dependent

distribution functions: parton structure in 
x and kT (transverse momentum)

• Unique Capabilities for:
• Hadron Tomography
• Color Degrees of Freedom
• Understanding Transverse Momentum 

Structure

• Extensive past and current studies on
spin 1

2
nucleon TMDs



Spin-1 Deuteron TMDs Never Before Measured!
• Suite of Tensor TMDs never 

before measured:

• Needs Semi-Inclusive Deep-
Inelastic Scattering (SIDIS)
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SIDIS Kinematic Variables & Cross Section
• Φh: Angle between lepton 

plane and hadron plane
• Φs: Angle between lepton 

plane and nucleon spin

A. 
Baccheta



Spin-1 Deuteron TMDs need tensor 
polarization
• 𝑇∥∥ =

𝑁1+𝑁−1−2𝑁0

𝑁𝑡𝑜𝑡

• Compares (1,-1) states 
to (0) spin state

• Extremely sparse global 
tensor-polarized 
measurements, 
especially for SIDIS 𝐵
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A. Bacchetta, 
Phys.Rev. D62 
(2000) 114004

Diagram courtesy N. Santiesteban



Tensor Polarization

• Dynamic Nuclear 
Polarization

• Magnetic Field + Microwaves: 
Around 10% Pol. 

• Specialty tensor target with RF 
enhancement techniques – up 
to 30% Tensor Pol.

• Tensor target will be deployed 
in Hall C for b1/Azz 
experiments 𝐼+

𝐼−

Deuterated Butanol

Preliminary

P = 42-47% (Vector Polarization)
Q = 13 - 17% (Tensor Polarization)



Tensor Target Status & Outlook

• Development work at:

• 30% Tensor Pol. achieved at UVA 
in D-Butanol (D. Keller)

• 15-20% max Tensor Pol. in ND3 at 
UNH/UVA, with work ongoing to 
achieve consistent performance

• Discussions ongoing about the 
possibility of user-led efforts to 
build the tensor target at JLab, 
UVA, or another institution

UNH Polarized Target (K. Slifer, 
E. Long, N. Santiesteban)



Tensor TMDs: can we use any existing data?

• CLAS-Approved-Analysis 
(CAA) to use RG-C data 
from Hall B

• Equilibrium tensor 
polarization (~10%) 
sufficient for a first 
extraction

• Analysis is in progress…
• But we will get much better 

statistics from a dedicated 
measurement



RG-C CAA Progress

• 3 Students (M. Farooq, C. Lama, A. Arora) 
working on polarization + DIS analysis

• 1 Student (H. Chinchay) working on dilutions 
+ SIDIS analysis

• Working group is growing – NMSU students 
may be joining the analysis soon!

• Thanks to the RG-C and overall CLAS 
collaboration for the usage of their data and 
much help to the students

• Working towards preliminary results!



2024 LOI + Proposal in the works…

• HMS Acceptance not large 
enough to get the needed hadron 
statistics

• Use SBS (Hadron) and SHMS 
(Lepton) to do a SIDIS 
measurement in Hall C

• Collect data over a range of 
vector polarization magnitudes 
and directions to isolate tensor 
part of XS

• LOI12-24-002 Submitted to 
PAC52

• Encouraged to submit a full 
proposal!



Planned Coincidence Measurement

• Measure SIDIS Cross 
Section for tensor polarized 
and unpolarized data

• Extract Structure Functions

• World first look at Spin-1 
Deuteron TMDs

• In progress for planned 
submission to PAC-54!

SHMS

SBS

Tensor-Polarized
Target
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Expected Coverage (1 Setting)



Cross Section & Analysis Conceit
• If we have data with equal and 

opposite vector polarization:

• Algebra to obtain an 
asymmetry-like quantity:

• Slope is the tensor part of the 
XS!

courtesy N. 
Santiesteban



Structure Functions
• TMDs are linked to set of 

tensor structure functions

Projected rate for 5 days @ 80 nA

J. Poudel et al., Eur. Phys. J. A 61, 81 (2025) 

TMDs

Fragmentation 
Functions

Naïve: 10% of unpolarized FUU,T





Other Tensor Experiments & Timeline Outlook 

• This new SIDIS program 
joins 2 approved DIS 
experiments using tensor 
polarization

• b1 and Azz collaborations 
preparing for an ERR in Hall 
C

• Recent timeline: b1 and Azz 
in 2030

• Tensor SIDIS: possibly 
right after (2031) if the 
experiment is approved

December 2025
UNH Hole-Burning Data



Thanks to all our collaborators!

Jian



Meetings

• SIDIS Meetings: Mondays at 10:30 AM EST
• General Tensor Polarized Meetings: Every-other Friday at 1:30 

PM EST

• Large and growing group…
• All are welcome! Let us know if you are interested in Tensor spin 

physics and please join us!



Next Steps + Full Proposal

• Full Hall C SIDIS Proposals currently targeted for this Summer 
2026

• CLAS-Approved Analysis underway
• DIS Experiments preparing for an ERR

• We hope to work with the SBS collaboration to set up this SIDIS 
program!

• With the help of SBS and Tensor Polarization, we can 
accomplish exciting things!
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