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Introduction

• The g2p experiment will measure the proton 
structure function g2 in the low Q2 region 
(0.02-0.2 GeV2) for the first time

• Goal: 5% systematic uncertainty when measuring 
cross section

• Hall A High Resolution Spectrometer (HRS)

• 10-4 momentum resolution
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HRS Optics

• Optics study:

• Reconstruct the kinematics variables of the 
scattered electrons with the tracking information 

• Optics Goal:

• <1.0% systematic uncertainty of scattering angle, 
which will contribute <4.0% to the uncertainty of 
cross section

• The final systematic uncertainty is not sensitive 
to the uncertainty of the momentum of the 
scattered electrons

� ⇠ 1/ sin4(✓/2)
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HRS Optics
• HRS has a series of magnets

• 3 quadrupoles to focus

• 1 dipole to disperse on momentums
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HRS Optics
• HRS has a series of magnets

• 3 quadrupoles to focus

• 1 dipole to disperse on momentums 

• Septa magnet
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HRS Optics
• HRS has a series of magnets

• 3 quadrupoles to focus

• 1 dipole to disperse on momentums 

• Septa magnet

• 2.5T/5.0T Target field
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HRS Optics
• Optics study will provide a matrix to transform VDC 

readouts to kinematics variables which represents the 
effects of these magnets
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Angle Calibration
• Angle Calibration:

• Decide the center scattering angle

• Calibrate the angle matrix elements

Target

Center 
Angle 
θ0

Septa

✓ = arccos

cos ✓0 � �tg sin ✓0q
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Angle Calibration
• Angle Calibration:

• Decide the center scattering angle

• Calibrate the angle matrix elements

• Decide the center scattering angle

• Direct measurement: ~1mrad

• Idea: Use elastic scattering on 
different target materials (Carbon 
foil in LHe, or CH2)

• The accuracy to determine this 
difference is <50KeV -> <0.5mrad

�E0
=

E

1 +

E
M1

(1� cos ✓)
� E

1 +

E
M2

(1� cos ✓)

10



Angle Calibration
• Calibrate the matrix elements:

• Fit with data which we already 
know the real scattering angle

• Sieve slit 

• Allow to calculate the 
scattering angle with 
geometry
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Figure A-8: Sieve Pattern Recostruction.

each settings were calculated using magnet field readouts from dipoles.

One issue in the elastic peak reconstruction is the angular dependence. The elas-

tically scattered electron has energy (omit the electron’s mass):

p(M, θ) = E ′ =
E

1 + E/M(1 − cos(θ))
, (A.30)

where E is incoming electron energy, M is target mass and θ is scattering angle. So

the our solid angle acceptance, the elastic peak will be broadened by this dependence

and the effect becomes larger for lighter target elements. To remove such effect, a

new variable called dpkin is defined by

dpkin = dp −
p(M, θscat) − p(M, θ0)

p0
, (A.31)

where the scattering angle θscat is calculated using formula (A.1) and θ0 is the central

angle of spectrometer.

Figure A-9 shows the effect of this dpkin correction in the water fall target elastic

scattering. The hydrogen elastic peak after the correction can finaly be clearly iden-

tified. Of course, this method is only valid for elastic scattering from known targets.
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Angle Calibration

After CalibrationBefore Optimize

Resolution (FWHM): ~1.5mrad
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Momentum Calibration
• Idea is same as the 

calibration of the angle 
matrix element

• Fit with data which we 
already know the real 
scattering momentum

• Elastic scattering on 
Carbon target

• Resolution (FWHM) 
~2x10-4

Before Optimize

After Calibration
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• To include target field

• Sieve slit method is not useful

HRS Optics Study
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• To include target field

• Sieve slit method is not useful

• Idea: separate reconstruction process to 2 parts:

• Use the no target field result to deal with the 
reconstruction from VDC to sieve slit 

• Use the field map to do a ray trace of the scattered 
particle from sieve slit to target

HRS Optics Study
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• Use a Monte-Carlo simulation to check this idea

• Compare the kinematics of the generated electrons and 
the reconstructed result

• The result shows a good consistence <1%

HRS Optics Study

Black : generated
Red : reconstructed

Scattering Angle Relative Momentum

Scattering Angle Relative Momentum
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Conclusion

• Optics study with out target field works well

• Optics study with target field

• Ideas is tested with simulation and appeared to 
work

• Need to check with data
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Backups
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Experiment Setup

HRS

HRS
HRS

• Hall A High Resolution Spectrometer

• High momentum resolution: 10-4 
level over a range of 0.8-4.0 GeV/c

• High momentum acceptance: |δp/p| < 
4.5%

• Wide range of angular settings: 
12.5˚~150˚ for left arm, 12.5˚~130˚ 
for right arm

• Angular acceptance: ±30 mrad 
(Horizontal) and ±60 mrad (Vertical)
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