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ÅSpin structure at Low Q2  -
Formalism and Motivation 

ÅRecent Data 

ÅSummary and Outlook 
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Inclusive Lepton Scattering & Structure Functions 
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Cross-section:  In the case of a target polarization along the beam: 

With                      and,  +/- for antiparallel/parallel beam-target polarizations 
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In the DIS limit, structure functions are directly related to  polarized and 
unpolarized quark distribution functions 



Nucleon Structure vs Distance Scale  
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Bjorken Sum Rule 

Asymptotic freedom 

Perturbative QCD 

GDH Sum Rule 

Chiral Perturbation 

Theory 

Lattice QCD (?) 

Detect and analyze the kinematical distribution of the 
scattered electrons (cross-sections) for target 
information at various levels of detail. 



View in Terms of the Photo - absorption 
Cross Sections and Asymmetries  
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)'k,'E( Å Lepton scattering can be viewed as the two step 
interaction - emission of a virtual photon and then 
the absorption of the photon by the target. 

Å Therefore, the spin structure functions are related 
with four independent virtual photo-absorption 
cross sections and their asymmetries:           

Certain combinations of the virtual photo-absorption cross sections provide us with certain 
structure functions, such as: 

with 
Virtual photon 
asymmetries 
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Low Q2 Motivation - Integrals 

ÅAt low momentum transfers (Q2), one can study the 
transition from partonic (quark-gluon) to hadronic 
(nucleonic) descriptions of Strong interaction by testing  
& constraining effective theories based on QCD such as 
Chiral Perturbation Theory ( P̝T). 

  

dx
x

Qxg
th

ñ ö
÷
õæ

ç
å=G

0

2,
11

dx
x

xg
Q

xM
g

Q

M th

ñ -=

0

)
2

(
16 2

22

22

16

2

0

a
g

dx
x

g
Q

xM
g

Q

M
I

th

TT ñ -=

0

)
2

(
2

22

22

12

2

4

2k
-

)0( 2Q

GDH 

G1  

ÅBernard, Epelbaum, Krebs, 
Ulf-G. Meißner, Phys. Rev. D 
87, 054032 (2013) 
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ÅLow Q2 region (<~0.1 GeV2): ɢPT Calculations:  

ÅRelativistic Baryon cPT with D,  Bernard, Hemmert, 

Meissner;  

ÅHeavy Baryon cPT,  Ji, Kao, Osborne; Kao, 

Spitzenberg, Vanderhaeghen 

Å Lensky, Alarco ȳƴ, Pascalutsa, PRC90, 055202 (2014). 
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Low Q2 Motivation - First 

Moment  of g1 

ÅAt low momentum transfers (Q2), one can study the 
transition from partonic (quark-gluon) to hadronic 
(nucleonic) descriptions of Strong interaction by testing  
& constraining effective theories based on QCD such as 
Chiral Perturbation Theory ( P̝T). 
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ü In the parton model, it is the fraction of the nucleon 
spin contributed by the quark helicities  

·Enters directly into two historically important sum 
rules - Ellis-Jaffe sum rule (Spin Crisis) and Bjorken 
sum rule (QCD validation). 

·Some  low Q2 predictions 
from ̝ PT  and 
phenomenological models 



Low Q2 Motivation - Generalized GDH Integral 
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Gerasimov, Drell and Hearn (GDH) Sum Rule  (PRL 16(1966) 908; Sov.J.Nucl Phys.2 (1966) 430) 
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nth is pion production threshold, ˁ  = anomalous magnetic moment 

First measurements at Mainz (up to 800 MeV), Bonn (up to 3 GeV) 
& LEGS (up to 421 MeV) agree with the predictions.  

Extension of GDH Sum Rule to Q2> 0 (virtual photons) using the dispersion relation for 

the forward virtual photon Compton  scattering amplitude S1( =˄0,Q 2 >0) , just as the real photon 
GDH sum rule derived from the dispersion relation for the invariant Compton amplitude S1( ,˄Q 2 = 0). 

    The new sum rule yields the GDH sum rule at Q2 =0, and the Bjorken sum rule in the 
DIS regime, thus establishing a smooth connection between the hadronic worlds of 

quark-confinement  & partonic world of asymptotic freedom. 
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Low Q2 Motivation - Generalized Nucleon 

Spin Polarizabilities 

5/18/2016 Krishna P. Adhikari 8 

·Generalized polarizabilities:   extensions  polarizabilities to the case of virtual 
photon Compton scattering.  

·can be calculated in cPT at low Q2. 

·converge faster  than the ŬǊǎǘ moments due to power weighting by 1κ˄ ƻǊ Ȅ and 
thus easier to determine from the low energy measurements.  

·Thus,  reduced dependence on the extrapolations to the unmeasured regions at 
ƭŀǊƎŜ ˄ ƻǊ ǎƳŀƭƭ Ȅ, and higher sensitivity to the low energy behavior of the cross 
sections (particularly the threshold behaviour), hence better tools to test ̝ t¢ and 
phenomenological model predictions 
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Insensitive to the D resonance Sensitive to resonances 

Forward spin polarizability 
Longitudinal transverse spin polarizability 



 Jefferson Lab Experimental Halls 

          HallA: two HRSô                    Hall B:CLAS              Hall C: HMS+SOS  

 Will be upgraded to 

12 GeV by ~2014 

Now upgraded 
to 12 GeV 

The electron beam can 

be delivered 

simultaneously to the 

three halls with high 

polarization 

NH3 target 
(transversely 
polarized) 



Hall A E94-010 Experiment 
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Hall A publications from E94: 
PRL 101, 022303 (2008) 
PRL 93,  152301 (2004) 
PRL 92,  022301 (2004) 
PRC 70, 065207 (2004) 
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Plots courtesy of 
V. Sulkosky 

Spokesmen: J.-P. Chen, A. Deur, F. Garibaldi ü Inclusive measurement: 

ü  Scattering angles of 6Ǔ and 9Ǔ  

ü  Polarized (~ 75%) electron beam 
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g1, g2 results 

Hall-A E97-110: Low Q2 Spin Structure 

ü Pol. (~ 40%) 
3He target 

(para & perp) 

ü Measured 

polarized cross-  

    section differences 


