
Karl Slifer  
University of New Hampshire

New Results on Proton Spin 
Sum Rules and Polarizabilities

Crete, Greece
2023-05-16

Low Q Workshop



The E08-027 (g2p) experiment

Published g2 and polarizability results

Impact on Dpol in µP HFS

Polarized Target at UNH

Tensor Program at Jlab
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DNP Solid Polarized Target

Dynamic Nuclear Polarization

5 Tesla Helmholtz Coil
1 Kelvin Helium Evap Fridge
140 GHz uwaves
NH3 target material
Transverse & Longitudinal



New Beam Diagnostics
(BPM,BCM,Harps,Tungsten Calo)
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Polarized TargetLocal Dump
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The g2p Experiment
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Hall A Beamline

1) Upstream Chicane
2) Slow and Fast Raster
3) Tungsten Calorimeter
4) Polarized Target
5) RT Septa Magnet
6) Local Beam Dump
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dLT Proton (E08-027)

Alarcón, Hagelstein, Lensky & Pascalutsa 

Bernard et. al 



Q6 dLT Proton (E08-027)
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dLT Sum Rule

Lensky, Pascalutsa, Vanderhaeghen, Kao (2017)

See 
Marc’s

 talk
 from

 Monda
y

RCS and VCS polarizabilities

model-independent and predictive relation among low-energy spin structure constants of the nucleon



dLT relation to HFS
Hagelstein, Lensky, Pascalutsa (2023, unpublished)
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BC Sum Rule
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I2 Sum Rule

Lensky, Pascalutsa, Vanderhaeghen, Kao (2017)

See Marc’s talk from Monday

RCS and VCS polarizabilities

model-independent and predic7ve rela7on among low-energy spin structure constants of the nucleon



d2 Proton



nucleus ≈ 10-15

Atom ≈ 10-10

Finite size corrections

eP HFS



Hyperfine Splitting

Carlso
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2008)



Dpol Muonic Hydrogen

Antongnini, Hagelstein, Pascalutsa (2022)

Dispersion relations
+ data

cPT



courtesy David Ruth, UNH

g1 contribution to Dpol

Prelim
inary



Preliminary Evaluation of D1
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g2 contribution to Dpol electronic Hydrogen

g2 >0 
à D2 negativ

e



Significant difference from g2ww

g2 contribution to Dpol electronic Hydrogen

See
 D. 
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g2 contribution to Dpol Muonic Hydrogen

See
 D. 
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g2 contribution to Dpol Muonic Hydrogen

Further Details in David’s Talk 



g2 proposal at intermediate Q2

Hall C HMS& SHMS
Transversely Polarized target
2.2 GeV and 4.4 GeV 
0.4 < Q2 < 1.2 GeV2

85 nA polarized beam



g2 proposal at intermediate Q2

Hall C HMS& SHMS
Transversely Polarized target
2.2 GeV and 4.4 GeV 
0.4 < Q2 < 1.2 GeV2

85 nA polarized beam

7 PAC days + 5 days overhead



BC Sum Rule Projected

7 PAC days

project
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D2 Muonic Hydrogen Projected
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d2 Projected

7 PAC days

project
ed



SANE Experiment

Armstrong et al (2019)

SANE experiment found interesting d2 results
at odds with other data and most QCD predictions



UNH Polarized Target Lab

3 faculty
-Slifer, Long, Santiesteban

2 post-docs
3 grad students: 

lots of undergrads

Projects 

- Polarized Target Material Production & Labview controls
- Tensor Polarization for the b1/Azz experiment



Target Material Production at UNH

Status
-Gas line completed
-System



Target Material Production at UNH

Butanol and other alcohols
solidification Chemical Doping

grade 5.5 NH3 & ND3

Rapid vs SlowCooling
of NH3



-Dedicated fume hood for Handling Ammonia and other caustic/toxic materials

-Vacuum GloveBox allows for over/under-pressuring 

-Primarily chemical doping of ammonia and alcohols for now.  
But potential to do much more. 

Target Material Production at UNH
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DIS (probing quarks)                         but depends on the Deuteron spin state

b1 structure function



C. Reidl PRL 95, 242001 (2005)

Data from HERMES

Khan & Hoodbhoy, PRC 44 ,1219 (1991) :  b1 ≈ O(10-4)
Relativistic convolution model with binding

Umnikov, PLB 391, 177 (1997) : b1 ≈ O(10-3)
Relativistic convolution with Bethe-Salpeter formalism

W. Cosyn, Y. Dong, S. Kumano, M. Sargsian   PRD95 (2017) 074036
Standard Convolution description

Conventional Nuclear Physics predicts b1 to be vanishingly small at large x 
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Projected Results for Q = 30%

Unique probe of exotic contributions
To the Deuteron wavefunction

Hidden Color/6q configurations 



Q2 = 1.5 GeV2 Projected
Sargsian Light Cone
Sargsian Virtual Nucleon
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Azz in the x>1 Region

Very Large Tensor Asymmetries predicted

Sensitive to the S/D-wave ratio in the 
deuteron wave function

4s discrim between hard/soft wave functions
6s discrim between relativistic models

PAC44 Theory Report

E12-15-005

“further explores the nature of short-range 
pn correlations, the discovery of which was 
one of the most important results of the 
6 GeV nuclear program.”  

T2
0



Summary

dLT favors Alarcon et al cPT calculation

Hyperfine splitting contributions from g1 is consistent with 
previous values within large error bars

g2 HFS contribtion is very different from previous model based
predictions.

Proposal to measure g2p for 0.4<Q2<1.2 

UNH Target Lab

Tensor program at Jlab > 2026

See David Ruth’s talk for full discussion of µP HF results
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D2 Model Dependence

Significant difference from 2007 CLAS model 
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1st Moment  G1
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Proton g0 

Some disagreeement
Between Hall A & B

Prelim
inary
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Proton g1 (E08-027 vs. CLAS)

courtesy R. Zielinski, UNH



Proton g1 (E08-027 vs. CLAS)

î

courtesy R. Zielinski, UNH

Small deviation at threshold è impact on g0



Kinematic Coverage

0.02 < Q2 < 0.2 GeV2



Deuteron Tensor Enhancement

Tensor Enhancement by factor of 5.7 after rf-hole burning the left peak
1,2-Propanediol-d8, chemically doped with OX063, with 5T/1K



Deuteron Tensor Enhancement

Tensor Enhancement to Pzz≅16(±5)%
after rf-hole burning the left peak and right shoulder.

1,2-Propanediol-d8, chemically doped with OX063, with 5T/1K
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