
Two photon exchange in quasi-elastic 
and deep-inelastic scattering!

Measure the “vertical” target single spin asymmetry Ay in:!

•  quasi-elastic 3He(e,e’) !
•  deep-inelastic 3He(e,e’) !
•  quasi-elastic 3He(e,e’n) !

Todd Averett!
College of William and Mary!

Williamsburg, VA!
On behalf of the Jefferson Lab Hall A and polarized!

3He collaborations!
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Born scattering and beyond!
•  Irritating “radiative” correction 

to favorite diagram.  Good news
—suppressed by α relative to 
Born diagram!
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•  JLab physicists’ favorite diagram 
for  (required for every talk):!

Born sca.ering 



Born scattering and beyond!
•  How do we observe this?!
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•  Dominates unpolarized and most 
polarized N(e,e’) scattering.!

•  True for N=nucleons, nuclei, 
quarks.!



Target Single Spin Asymmetry (SSA)!

3He 

θ 

θ 

e‐ 

•  Unpolarized e‐ beam incident on 3He target polarized normal to the  
   electron sca.ering plane 

•  Note that unpolarized eN sca.ering and double spin asymmetries (DSA) with  
  beam and target polarizaMon in‐plane is dominated by 1‐photon exchange. 
   e.g. measurements of Ge

n, GM
n, F1, F2, g1, g2      <‐‐‐‐(Born approximaMon) 

•  However, Ay=0 at Born level,  
       sensiMve to physics at order α2; two‐photon exchange! 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€ 

Ay =
σ↑ −σ↓

σ↑ +σ↓
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Topic 1:  



•  Note that both recoil polarizaMon and Rosenbluth separaMon measurements of  
  nucleon form factors must be corrected for 2‐photon exchange 

€ 

∝Re(T1γ
*T2γ )









GPD Predic*on 

Q2 ~ 2.0 GeV2 Q2 ~ 1.0 GeV2 



Measurements completed at Q2=0.1, 0.5, 1.0 GeV2 

•  Clearly establish the first non‐zero measurement of Ay
n at Q2=1.0 GeV2 

•  Provide a new constraint on moments of GPD’s. 

•  Measure Ay
n at Q2= 0.2, 0.5 GeV2 to study Q2 dependence.   

•  Look for possible FSI contribuMons?  Study parton to hadron transiMon. 



The Experimental Goals!

•  Clearly establish the first non-zero 
measurement of Ay

n at Q2=1 GeV2!

•  Provide a new constraint on moments of 
GPD’s.!

•  Measure Ay
n at Q2= 0.1, 0.5 GeV2 to study 

Q2 dependence.  Look for possible FSI 
contributions?  Study parton to hadron 
transition.!
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New polarized target now achieving 65% in‐beam polarizaMon due to 
hybrid alkali and narrowed lasers. 



Target polarization for typical 
SEOP 3He Hall A target!
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Online results 



Preliminary results!

•  Next two slides will show Ay for 3He!
•  Preliminary results with target 

polarization and nitrogen dilution 
corrections applied.!

•  No radiative corrections applied!
•  Systematic uncertainties not finished!
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Preliminary results at Q2=1.0 GeV2 
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Preliminary results at Q2=0.5 GeV2 

Ay
3He vs. run number 

(1.34 +/‐ 0.20) x 10‐3 

(‐1.55 +/‐ 0.21) x 10‐3 



Topic 2:  What about Ay for N(e,e’) in DIS?!
•  The formalism remains the same: 

 Ay=0 for 1‐photon exchange 

•  For DIS, one assumes that the sca.ering is dominated by two photon  
exchange with a single quark. 

•  For non‐interacMng quarks, Ay=0 for two‐photon exchange 

•  Afanasev, Strikman, Weiss (Phys.Rev.D77:014028,2008) predict Ay~10‐4 using a model 
based on the quark transversity distribuMon. 

•  This means the SSA should change by two orders of magnitude from DIS  
to QE kinema<cs.  This is a direct study of the “transiMon” from hadron‐like  
to parton‐like behavior. 

•  This was measured in Hall A during the transversity experiment, using the 
   BigBite Spectrometer in singles mode. 

•  Joe KaMch‐WM graduate thesis student 



Ay for 3He versus Q2!
Preliminary statistical uncertainties only!
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proton 



HERMES proton DIS data!
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s!
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A.  Airapetian et al,

Phys. Le=. B682, 351 (2010) 

proton 



Topic 3:  SSA in quasi-elastic 3He(e,e’n)!
•  By detecMng the outgoing neutron, the SSA is sensiMve to FSI 

•  PWIA CalculaMons predict Ay=0 

•  TheoreMcal models with FSI, 3He wavefuncMon, etc predict Ay=20‐45% 

•  Unpublished measurement at NIKEF measured large Ay~50%  at Q2=0.2 GeV2!!! 

Laget, Nagorney 

Golak 



Recoil neutron measurement!
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Summary!
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•  First measurements of the target SSA using verMcally polarized 3He 

•  Precision results obtained in the quasi‐elasMc and DIS regions. 

• Provides sensiMve tests of GPDand hadronic models of nucleon structure. 

•  Preliminary QE results for Ay on 3He at Q2=0.5 and 1.0 GeV2.   
•  Clearly non‐zero, no apparent Q2‐dependence 
•  Data at Q2 ~ 0.1 GeV2 coming soon. 

•  First DIS results for Ay on 3He at Q2=1.5‐3.0 GeV2.   
•  Precision comparable to HERMES proton results. 

•  DetecMon of recoil neutron in QE measurement of Ayexpected to be huge due to FSI 



QE 



Final pi‐ Contamina*on 
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Prelim. He3 SSA (QE for 1-pass vertical data) 

fN2  ~ 95% and <Pt> ~ 60% 


