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Measured asymmetry 

AM(ϕ) =  
σ  − σ 
σ  + σ = − ANPT.n = ANPTsin(ϕ - ϕ0)  

∧	  

n = ∧	   k × k’ 
|k × k’| 

where , PT is transverse polarization and AN is 
 BNSSA 
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AN is parity conserving and has a small azimuthal dependence.	  

Beam Normal Single Spin Asymmetries (BNSSA) are 
generated when transversely polarized electrons 
(polarized perpendicular to their direction of motion) 
scatter from unpolarized targets.  
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two photon exchange 

AN =  
2T1γ × Im T2γ 

|T1γ| 

•  AN is proportional to two-photon exchange.  
•  Provides access to the imaginary part of the two-photon exchange amplitude. 
•  As part of a program of AN background studies, we made the first measurement 

of AN in the N-to-Δ transition using the Q-weak apparatus. 

T1γ – amplitude for 1- photon exchange 
T2γ – amplitude for 2- photon exchange 
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Ebeam = 1.155 GeV 
<Q2> ~ 0.025 (GeV/c)2 

<θ> ~ 7.9° ± 3° 
ϕ coverage ~ 49% of 2π 
Current = 180 µA 
Polarization = 89% 
Target = 34.4 cm LH2 
Cryopower  = 2.5 kW 
Luminosity 2x1039s-1cm-2 
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Octant 

AM
H sin(ϕ + ϕ0) + C 

AM = magnitude of AN  
ϕ0  = phase offset of ϕ 
C   = APV + background 

Fit regressed main detector asymmetries 
in the 8 octants using a fit. 

Horizontal Transverse	  
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Octant 

AM
H sin(ϕ + ϕ0) + C 

AM
V cos(ϕ + ϕ0) + C 

AM = magnitude of AN  
ϕ0  = phase offset of ϕ 
C   = APV + background 

Fit regressed main detector asymmetries 
in the 8 octants using a fit. 

Horizontal Transverse	  

Vertical Transverse	  
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Simulation by Adesh 
Subedi using Geant-III 

Elastic 
peak 
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Data on 3 types of targets  
•  Liquid Hydrogen (primary 

target) 
•  Aluminum (to constrain 

target window 
background)  

•  Carbon ( to help 
understand elastic and 
inelastic BNSSA from 
nuclei)  

 
Two polarization 
configurations needed to 
check the symmetry of the 
main detector system.  
•  Vertical transverse 

polarization  
•  Horizontal transverse 

polarization  Simulation by Adesh 
Subedi using Geant-III 

Elastic 
peak 
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Simulation by Adesh 
Subedi using Geant-III 

As part of a program of AN background studies, we made the first measurement of AN in the 
N-to-Δ transition 
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Simulation by Adesh 
Subedi using Geant-III 

As part of a program of AN background studies, we made the first measurement of AN in the 
N-to-Δ transition 

This talk will focus on hydrogen data in the N-to-Δ transition 
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Simulation by Adesh 
Subedi using Geant-III 

Data on both side of the inelastic peak were taken to improve simulation. 

Data on 3 types of targets  
•  Liquid Hydrogen (primary 

target) 
•  Aluminum (to constrain 

target window 
background)  

•  Carbon ( to help 
understand elastic and 
inelastic BNSSA from 
nuclei)  

 
Two polarization 
configurations needed to 
check the symmetry of the 
main detector system.  
•  Vertical transverse 

polarization  
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polarization  

Inelastic 
peak 
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•  ~ 9% statistical measurement of regressed transverse asymmetry in the N-to-Δ transition.  
•  Not corrected for backgrounds and polarization.  
•  ~ 90 degree phase offset seen between Vertical and Horizontal transverse fit (as expected).  
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•  The uncertainty is dominated by statistics.  
•  Next largest contribution comes from polarization.  
•  All other systematics are under control. 
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Beam Normal Single 
Spin Asymmetry	  

Abi  = Background asymmetries 
 

fbi  = dilution factors	  
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Inelastic 
peak 

Physics asymmetry is highly diluted by the elastic radiative tail.  
Careful study is ongoing. 
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•  As part of Q-weak background studies, we made the first measurement of AN in 
the N-to-Δ transition on H2. 

•  The uncertainty in the measured N-to-Δ transverse asymmetry is dominated by 
statistics. Other large uncertainties come from beam polarization and elastic 
dilution.  

 
 

To Do: 

•  Quantify impact of these results on the parity violating N-to-Δ measurement and 
talk to theoretician for model calculation.  
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•  The uncertainty is dominated by statistics.  
•  Next largest contribution comes from polarization.  
•  All other systematics are under control. 

Preliminary 

Preliminary 
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Extracted physics asymmetry AN = 41.05 ± 7.90 ppm. 
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γ*NΔ	  form	  factors	  

γ*NΔ	  form	  factors	   γ*ΔΔ	  form	  factors	  

1γ	  exchange:	  

2γ	  exchange:	  
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Two independent polarimeters were used to measure beam polarization: 

Møller Polarimeter 

Compton Polarimeter 

•  existing Hall C Møller polarimeter to measure absolute beam polarization to <1% at low 
beam currents. 

•  New Compton polarimeter is used to provide continuous, nondestructive measurement of 
beam polarization at nominal experiment beam current. 

Measured beam polarization during 
commissioning period using Moller 
polarimeter is ~ 89 ± 2 % (Compton results 
during commissioning was not available) 

A typical measured polarization is shown 
in the figure. 
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Elastic dilution is used for Al. target 
windows correction – J. Magee. 
(Inelastic dilution for Al. target 
window is similar as elastic – K. 
Myers thesis p.122). Need an 
update. 
 

Asymmetry from this analysis shown 
at the beginning of the talk 
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Measured for inelastic beamline 
background – J. Leacock thesis p.
169)  
 

Preliminary estimation using Mark. D 
and Kent’s method for 25% paper. 
Assumed 10 times larger 
background for inelastic compare to 
elastic. Error bars are also blown up 
by factor of 10 to give a conservative 
estimate. Will update soon. 
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Using QTor transport channel 
analysis – Rakitha (Elog 714 )  
 

For now just taken from 25% LH2 
paper as place holder. Will update. 
Should not be a significant 
correction. 
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From geant-III simulation – Adesh 
Elog 837. Most important correction 
for this data set.  This is a 
conservative estimate of dilution. 
Assumed ± 5.0% error on dilution 
due to 10.0% discrepancy between 
simulation and data. Need to update.  

Elastic transverse asymmetry – 
Buddhini 
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