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Introduction
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Polarization can likely play an interesting role in studying nucleon modification.

Polarization transfer measurements to look for modified nucleon form factors.

Flavor dependence of the EMC effect from parity violating DIS on 

Direct measurement of the polarized-EMC effect.

1. Spin is not conserved, only angular momentum is.
2. Very few nucleons cary spin so the effect is diluted.  But then we can study a single 

nucleon with potentially known wave-function.
3. Experiments with polarized nuclei are difficult.

48Ca
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GDH Sum Rule
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Fundamental Quantum Field Theory prediction. Applicable to any type of target. 

Links the anomalous magnetic moment κ of a particle to its helicity-dependent 
photoproduction cross-sections  

Conditions for the sum rule to be valid:  
Spin-dependent forward Compton amplitude f2(ν) must vanish at large ν (no-
subtraction hypothesis).  
Imaginary part of ,  must decrease with ν faster than ~1/ln(ν) 
(for the integral to converge). 

Experimentally verified on the proton to ~10% but not yet for the neutron.

f2 (σ3/2 − σ1/2)

anomalous 
magnetic moment

Spin-dependent photoproduction cross-sections spin

Photon energy Mass

∫
∞

ν0

(σ3/2 − σ1/2)
dν
ν

= 4π2αS
κ2

M2
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Helicity dependent photoabsorption
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Data from MAMI, ELSA and A2 for H and D but almost nothing else.

https://arxiv.org/abs/2604.14385

Threshold (  MeV) and very high energy (  GeV) regions cannot be 
measured, need models like MAID/SAID and Regge phenomenology.

ν < 200 ν > 12

https://arxiv.org/abs/2604.14385
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REGGE
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Real Gamma GDH Experiment

Measure the high energy behavior of  

Verify convergence of integral 
 must decrease faster than  

Test validity of sum rule for  
neutron (first time) 
proton improve by 25% relative 

Improve sensitivity to physics that would cause a real (or apparent ) 
violation 
  
Failure of sum rule would occur at high energy 

Stringent test of Regge theory. Resolve discrepancy in Regge parameter 
determination 

Proton and neutron will allow isospin decomposition

Δσ(ν)

Δσ(ν) 1/log ν

ν ≠ ∞

JLab Experiment 
E12–20–011 

∫
∞

ν0

Δσ(ν)
ν

dν =
4π2Sακ2

M2

arXiv.2008.11059

https://doi.org/10.48550/arXiv.2008.11059
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Modification of bound nucleons
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Bass, Acta Phys. Pol. B 52, 42 (2021)  
Bass++, arXiv:2212.04795 [nucl-th] 

Quark Meson Coupling (QMC) model 
predicts modification of mass and 
anomalous magnetic moment. 

( κ*N(ρ0)
M*N(ρ0) )

2

/( κN

MN )
2

≈ 1.3

A nucleon in the nuclear medium will be modified  
modification of both sides of the GDH sum rule 
for the nucleon in the nucleus

Static Side

Nuclear density Saito++ Phys. Rev. C 
51, 2757 (1995)

κ*N(ρ0)
κN

≈ 1.05

M*N(ρ0)
MN

≈ 0.9

Nucleon and 
resonance 
masses

https://doi.org/10.1103/PhysRevC.51.2757
https://doi.org/10.1103/PhysRevC.51.2757
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Modification of bound nucleons
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D-wave depolarization
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p n p n
+1

p n
+2

⟨2 +2; 1 −1 |1 +1⟩ = 3/5

⟨2 +1; 1 0 |1 +1⟩ = − 3/10

⟨2 0; 1 +1 |1 +1⟩ = 1/10p n

S-wave D-wave

|1 +1⟩

Thomas IJMP E27 (2018)

• Assume 100% polarized valence nucleon in S-wave with another nucleon
• pair in nucleus are not required to be spin oriented same direction

• could be a  or  combination
• SRC interacts through tensor interaction which preserves 
• Clebsch-Gordan coefficients for orbital angular momentum 
• Valence nucleon polarization changes sign but is only about -10 to -15%.

Jz = 0 Jz = 1
Jz

L = 2

• If SRCs are dominantly  then this value changes.
• If SRCs interact in a shell dependent way then this value changes.

Jz = 1

https://doi.org/10.1142/S0218301318400013
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GDH Sum Rule
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MF:  average over everything.
SRC: 20% of nucleons are modified and 80% are not.
DWD: Modified nucleons contribute with  and unmodified with PD = − 0.1 PS = + 1

Average modification of  for nucleonκ /M

C
ha

ng
e 

in
 G

D
H

 in
te

gr
al I*SRC = ( (χ − 0.8)2

0.2
+ 0.8) I

I*MF = χ2I

I*DWD =
1

0.78 (−0.5 (χ − 0.8)2 + 0.8) I

https://arxiv.org/abs/2512.20449
χ =

κ*
M*

https://arxiv.org/abs/2512.20449
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Going Further
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ILT(Q2) ≡ ∫
∞

ν0

fγ
σLT(ν, Q2)

Qν
dν

Q2→0

π2ακet

M2

Schwinger Sum Rule proton only

Magnetic Form Factor  G*M

χ =
κ*I*LT

π2αet

very low  electron scatteringQ2

κ* = μ* − et

 limit of Q2 = 0 G*M

         κ* =
I*GDH

2I*LT
M* = π

α
2

I*GDH

I*LT
Determination of M*

can get  and  independentlyκ* M*

can get  and  independentlyI*GDH χ =
κ*
M*

various independent ways to get  as a 
verification

M*

polarization transfer to a bound proton ( ⃗e, e′￼ ⃗p)
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Candidate Nuclei
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Choice will depend on target feasibility and FOM

The strongest candidate is 7Li:  
• Also the subject of unpolarized (E12–10–008) and polarized (E12–14–001: 

) EMC experiments at JLab  
• A GDH measurement will provide the  limit

Q2 > 1 GeV2

Q2 → 0

species molecule dilution FOM P 2F days
Jω P F (→10→3) 12GeV 4GeV

1H 1/2+ 90% ωp C4H9OH 10/74 = 0.135 110 7 4
2H 1+ 80% ωn, ωp C4D9OD 10/84 = 0.119 76 10 6
7Li 3/2→ 80% ωp 7Li2H 1/9 = 0.111 71 11 6
13C 1/2→ 60% ωn C4D9OD 4/78 = 0.051 4.6 42 24

17O 5/2+
80% ωn C4D9

17OD 1/75 = 0.013 8.5 90 51
80% ωn H2

17O 1/19 = 0.053 34 23 13

19F 1/2+
90% ωp 6Li19F 1/25 = 0.040 32 24 14
80% ωp C3H2

19F6O 6/168 = 0.036 23 34 19

1
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Spin Nuclear Wave Function
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• Polarization observables canconstrain on wavefunction models.
• The spin part of the nuclear wavefunction may be important for measurements of medium 

modifications using polarization.
• Very few measurements have been made that are directly sensitive to the spin part of the 

nuclear wavefunction, mostly  and .
• Simplest thing to do is polarization dependent quasi-elastic knockout.
• Need to consider FSIs.

2H 3He
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Deuteron Spin Structure
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Passchier PhysRevLett.88.102302

Arenhövel PhysRevC.46.455

https://doi.org/10.1103/PhysRevLett.88.102302
https://doi.org/10.1103/PhysRevC.46.455
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De Grush PhysRevLett.119.182501 2017

Quasielastic  
Electron Scattering from 
Deuterium 

Vector double-spin 
asymmetry 

Blast measurements reached 
to higher  and tended to 
agree with calculations better.

( ⃗e, e′￼p)

Pm

AV
ed AV

ed

https://doi.org/10.1103/PhysRevLett.119.182501


SRC & EMC  |  12 June 2026  |  Polarization Observables|  Mark Dalton 15

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
  [GeV/c]

m
Missing Momentum   P

0.6−

0.4−

0.2−

0

0.2

0.4

dT
Te

ns
or

 A
sy

m
m

et
ry

   
A

BLAST data
PWBA
PWBA+FSI
Full Calculation

(a)
Same Sector

° 31≈Target spin angle 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
  [GeV/c]

m
Missing Momentum   P

0.6−

0.4−

0.2−

0

0.2

0.4
dT

Te
ns

or
 A

sy
m

m
et

ry
   

A

BLAST data
PWBA
PWBA+FSI
Full Calculation

(b)
Opposing Sector

° 31≈Target spin angle 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
  [GeV/c]

m
Missing Momentum   P

0.6−

0.4−

0.2−

0

0.2

0.4

dT
Te

ns
or

 A
sy

m
m

et
ry

   
A

BLAST data
PWBA
PWBA+FSI
Full Calculation

(c)
Same Sector

° 47≈Target spin angle 

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
  [GeV/c]

m
Missing Momentum   P

0.6−

0.4−

0.2−

0

0.2

0.4

dT
Te

ns
or

 A
sy

m
m

et
ry

   
A

BLAST data
PWBA
PWBA+FSI
Full Calculation

(d)
Opposing Sector

° 47≈Target spin angle 

Quasielastic  
Electron Scattering from 
Deuterium  

Tensor target asymmetry. 

Tensor asymmetries 
significantly affected by FSI 
Full calculations disagree with 
data  

meson-exchange currents 
(MECs),  
isobar configurations (ICs), 
relativistic corrections (RCs). 

insensitive to the choice of 
different realistic potentials 

( ⃗e, e′￼p)

AT
d AT

d
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Helium-3 Spin Structure
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Mihovilovic++ PhysRevLett.113.232505

  study a polarized deuteron in the nucleus3 ⃗He( ⃗e, e′￼d)

https://doi.org/10.1103/PhysRevLett.113.232505
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Helium-3 Spin Structure
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zzAsymmetry as  gives 

access to polarizations. 

Theoretical calculations of the 
vector polarization of the 
deuteron in  appear 
underestimated.

pm → 0

3He

Simple  Clebsch-Gordan expectationp + D

Mihovilovic PhysRevLett.113.232505 2014

experiment
theory

independent full 
Faddeev calculation

diagrammatic approach

independent full 
Faddeev calculation

https://doi.org/10.1103/PhysRevLett.113.232505
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Exclusive Asymmetries
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I(Φ) =
dσ
dt [1 + PTΣcos2Φ + PTPzGsin2Φ − P⊙PzE]

⃗P γ = (−PT cos 2Φ, − PT sin 2Φ, P⊙) ⃗P = (0,0,Pz)

P⊙ ≈ Pe
y(4 − y)

4 − 4y + 3y2

simple

with screening
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Working with Vincent Matthieu from JPAC to predict asymmetries for 
vector and pseudo-scaler meson production.

Real photon beam is sensitive to the polarization state of nucleons through beam-target 
asymmetries  and .G E
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Final States
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initial final
nn np ρ−
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γp→n2π+π-
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Sum

Figure 2: The total photoproduction cross section (the red solid curve) and the partial
cross sections for the reactions used at the energies below 3 GeV. The sum of all these
partial cross sections (the green dotted curve) matches the total cross section very well,
below 2 GeV. At 3 GeV the sum is about 30% smaller than the total cross section. For
the simulation, all the partial cross sections were normalized to keep their sum equal to
the total cross section.

There are many final states where one can perform this procedure. 
They should all agree on the conclusions.  Regge models predict the 
asymmetries.

Vector meson 
production has highest 
cross section.
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Example: γp → pπ0
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Mathieu++, Phys Rev D 92, 074013 (2015)

Regge calculations 
predict many final 
state. 

Curves at 
4.5, 7.5, 10.5 GeV 

 asymmetry 
matches data well  

G and E 
asymmetries 
completely 
unmeasured and 
untested

Σ
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Asymmetry E in single π production
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γn → π−Δ+

γp → π−Δ++

γp → π+Δ0

γp → π0p

4.5, 7.5, 10.5 GeV
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Cross Section in single π production
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4.5 GeV 
7.5 GeV 
10.5 GeV
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Summary

23

Hall D has an approved polarized target program to measure the GDH 
integrand on hydrogen and deuterium. 

The GDH integrand on nuclei is sensitive to the uniformity of medium 
modifications. 

Application of the sum rule and Mean Field nuclear theory (QMC) suggest 
there will be a significant difference from free protons or neutrons in the 
Regge region. 

Polarized targets are significantly easier with a photon beam which allows 
higher polarizations and potentially unique species. 

Measurements of exclusive asymmetries as a function of pair relative 
momentum are feasible, beyond the Fermi momentum may be challenging 
statistically.
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Backup
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The GDH Sum on Nuclei
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⃗μ =
e
M

(Q + κ) ⃗S

⃗μ =
e

AMp
(Z + κ) ⃗S ⟹ κ =

A

2 | ⃗S |

μ
μN

− Z

This allows us to calculate κ for all stable nuclei with spin 
and compute the static part of the GDH sum rule. 

For a nucleus of mass  and charge M ≈ AMp Ze

Magnetic moment of a particle with charge , mass  and spin :Qe M ⃗S

REGGEON: REGGE on Nuclei
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Nuclear spectrum
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photoproduction of hadrons 
properties of nucleon

photo excitation of nucleus 
properties of nucleus

No data on  
exists for A>3

Δσ

example for 7Li

Ip*
GDH ≈ 270 μb

I7Li
GDH ≈ 83 μb

negative

Morejon++ JCAP 11, 007 (2019) 
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Deuteron 
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Ahmed++, PRC 77, 044005 (2008)Deuteron GDH indirect

Large negative GDH integrand at low energy. 
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Nuclear spectrum
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Gorchtein++ Phys. Rev. C 84 (2011)

Photoabsorption cross-section data for a 207Pb target 
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Probabilistic Distributions for pure states

Wim Cosyn (FIU) Tensor SIDIS JLab workshop June 4th 2026 9 / 17
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Example: γp → π−Δ++

30

Regge calculation 

Curves at 4.5, 
7.5, 10.5 GeV 

 asymmetry 
matches data well  

G and E 
asymmetries 
completely 
untested

Σ



SRC & EMC  |  12 June 2026  |  Polarization Observables|  Mark Dalton

Example: γp → π+Δ0

31
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Example: γn → π−Δ+

32


