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Longitudinal Virtual Photon Asymmetry A
1
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 ●     4-momentum of virtual photon squared

●    Energy transfer

●    Scattering angle

●                 Fraction of nucleon momentum             
                carried by the struck quark
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● Angular kinematics for 
polarized electron scattering
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● Precisely measure the neutron spin asymmetry A1
n in the far valence domain 

(0.61<x<0.77) for the first time.
● Explore the Q2 dependence of A1

n with large x value.
● After combining with proton data (CLAS12), extract polarized to unpolarized parton 

distribution function (PDF) ratios ∆u/u (∆d/d) for large x region.

● Give more insights on understanding the spin structure of nucleon.   

Goals for A
1

n Experiment
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Experimental Setup

Polarized 3He target:
● 3He production cell (40cm)
● 55–60% polarization without beam
● Reached over 50% polarization with 30 uA 

beam current 

(doubles performance compare to 6 GeV era)
● About 3% uncertainty for polarimetry

Electron Beam:
● Ebeam=2.17 GeV (1-pass commission)

● Ebeam=10.38 GeV (5-pass DIS production) 

● Beam polarization: 85% 

(<3% uncertainty by Moller Polarimeter) 
● Circular beam raster with 2.0-2.5mm 

radius
● < 50 ppm charge asymmetry 

(average over ~ 1–2 hr run) 

Spectrometers:
● High Momentum Spectrometer (HMS)
● Super HMS (SHMS)

● A
1
n production 

run begins on Jan 
12th, 2020 and 
ended on March 
13th, 2020.
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Window Dilution Study

● Using mc-single-arm to generate events for simulation and F1F2IN09 
model (from rc-externals) for radiated cross-section to get the 
simulation for target chamber of the 3He production cell and empty 
reference cell.

● Perform simulation separately for different target material (N2 gas between 
upstream beam-line window and upstream target window; Upstream target window; 3He in target 
chamber ; Downstream target window),  then combine them to obtain the simulation for 
entire target.

● Get replayed data from hallc_replay with updated optics matrix. After 
weighted by yield, make comparison with simulation and replayed 
data.

● Based on simulation and replayed data, determine the window 
contribution along reconstructed ztarget. 
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Propose and Goal of the Study

Propose:

● Provide a guide to determine ztarget cuts to remove events coming from glass 
windows while preserve most of events from 3He inside target chamber.

● Estimate window dilution factor for certain production run condition (certain target 

cell, kinematics, spec) based on simulated results and replayed data.

Goal: 

● For certain production run condition (certain target cell, kinematics, spec), the 
variation of window dilution factor is less than 3%.

●  Find a proper ztarget cuts so that the ΔAAphys  become minimal. 
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Determine Yield
(for compare simulation with replayed data)

Yield=rate
1

beamcurrent (A)
=

d2
σ

dEdΩ
E '

Δ E
E

ΔϕtagΔθtagρN

target length
echarge∗N trials

● For simulation, DIS cross-section                    for each target material is 
calculated by Jixie’s “CreateXSTree” program using F1F2IN09 model.  

● Then the yield is determined to weight the simulation histograms:

Where pN is atom number density: ρN=
ρmN A

M

d2
σ

dEdΩ

Simulation:

Replayed data:
● Obtain total charge (BCM1 Coulomb value) for a run from corresponding 

report file after hallc_replay.
● Then the yield is determined to weight the replayed histograms:

Simulation:

Yield=number of events
total charge (C )
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Cut used for Comparison
(Simulation vs. replayed data)

HMS cuts:

Acceptance cut:
● Delta cut: (-8%, 8%)
● Theta cut: (-70 mr, 70 mr)
● Phi cut: (-100 mr, 100 mr)

z
tar 

cut:

● abs(H.react.z)<30.0 (cm)

Current cut:
● ibcm1>1.0 (uA)

PID cut:
● H.cal.etracknorm>0.8 && H.cal.etracknorm<2.0 

&& H.cer.npeSum>1

SHMS cuts:

Acceptance cut:
● Delta cut: (-10%, 22%)
● Theta cut: (-55 mr, 55 mr)
● Phi cut: (-50 mr, 50 mr)

z
tar 

cut:

● abs(P.react.z)<30.0 (cm)

Current cut:
● ibcm1>1.0 (uA)

PID cut:
● P.cal.etracknorm>0.8 && P.cal.etracknorm<2.0 

&& P.ngcer.npeSum>1

Simulation cut used for comparison 
between simulation and replayed 
results :
● istop==0 (remove failed events)

Simulation cut used for comparison 
between simulation and replayed 
results :
● istop==0 (remove failed events)

Note on replay cuts:
● Current cut is used to remove non-physical events during beam trip.
● PID cut provides requirement for good track and remove pion contamination.
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Circular Raster
(Plot of y

beam
 vs. x

beam
)

● SHMS 10602: 3He DIS, Transverse 90°

● E
p
=-3.4 GeV, 30°, kin-B

● Trigger: 3/4 (hTRIG1)

● From replayed runs, obtain 
x

beam
 and y

beam 
offsets from 

mean value.

● Add x
beam

 and y
beam 

offsets from 
replay into simulation in order 
to compare replayed data with 
simulated results. 
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3He Target Simulation
(Compare with replayed root file results)

● SHMS 10602: 3He DIS, Transverse 90°

● E
p
=-3.4 GeV, 30°, kin-B

● Trigger: 3/4 (hTRIG1)
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3He Target Simulation
(Compare with replayed root file results)

● HMS 3408: 3He DIS, Transverse 90°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)
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Empty Target Simulation
(Compare with replayed root file results)

● SHMS 10267: Empty Target DIS, 
Transverse 90°

● E
p
=-3.4 GeV, 30°, kin-B

● Trigger: 3/4 (hTRIG1)
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Empty Target Simulation
(Compare with replayed root file results)

● HMS 3077: Empty Target DIS, 
Transverse 90°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)
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Radiated Cross Section
(Bilinear Interpolation)

● The measured cross section contains effects 
due to interactions with materials (ionization,

bremsstrahlung) and vertex effects 
(bremsstrahlung)

● The radiated cross section is: 

σrad=σBorn+σRC

● Dutch upstream win hms kine4

● Use “rc-externals” obtain (p0, theta0, rad_xsec) 
square grid, then apply billinear interpolation to 
get rad xsection for give mc simulated event.
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p0 vs theta0 from mc-single-arm
(for glass windows: Cell Dutch)

● HMS kine4 (with cuts)
p0 range: 3 to 4 GeV
theta0 range:25.6 to 34.6 deg

● SHMS kineB (with cuts)
p0 range: 3.05 to 4.16 GeV
theta0 range: 25.6 to 34.6 deg
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Window Dilution

f win=

N 0(up , em)
N up (

3He)

N up (em)
+N 0(down ,em)

N down (
3He)

N down (em)

N 0(
3He)

From Pol 3He target cell ztarget histogram weighted by yield:
● Nup(3He)= integrated number of simulated events of upstream window within the z cut
● N

down
(3He)= integrated number of simulated events of downstream window within the z cut

● N0(3He)=integrated number of replayed events within the z cut

● Then define window dilution factor fwin:

A phys=
Araw

PbPt f N 2(1−f win)

● Since: 

● We would like to place a proper window z cut to minimize ΔAAphys:

Δ A phys∝
1

√(N 0(
3He))(1−f win)

From empty reference cell ztarget histogram weighted by yield:
● Nup(em)= integrated number of simulated events of upstream window within the z cut
● N

down
(em)= integrated number of simulated events of downstream window within the z cut

● N0(up, em)=integrated number of replayed events within the z cut for upstream window region
● N0(down, em)=integrated number of replayed events within the z cut for downstream window region
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3He Target Simulation
(Compare with replayed root file results)

Pol 3He run on cell Dutch:

● SHMS 9956: 3He DIS, Longitudinal 180°
● Ep=-3.4 GeV, 30°, kin-B
● Trigger: 3/4 (hTRIG1)

Empty run on reference cell  Will:
● SHMS 10267: Empty Target DIS, 

Transverse 90°
● Ep=-3.4 GeV, 30°, kin-B
● Trigger: 3/4 (hTRIG1)

● z cut at z=±18.0 cm away from target 
chamber center position.

● z cut at z=±12.0 cm away from target 
chamber center position.

f win=

N 0(up , em)
N up (

3He)

N up (em)
+N 0(down ,em)

N down (
3He)

N down (em)

N 0(
3He)
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Window Dilution
(effect of upstream window z cut position)

● Fix downstream window z cut at z=+18.0 
cm away from target chamber center 
position.

● Adjust upstream window z cut to minimize

● For z cut be (-17 cm,+18 cm),  ΔAAphys  is 
around minimal.  

Δ A phys∝
1

√(N 0(
3He))(1−f win)

Pol 3He run on cell Dutch:

● SHMS 9956: 3He DIS, Longitudinal 180°
● Ep=-3.4 GeV, 30°, kin-B
● Trigger: 3/4 (hTRIG1)

Empty run on reference cell  Will:
● SHMS 10267: Empty Target DIS, 

Transverse 90°
● Ep=-3.4 GeV, 30°, kin-B
● Trigger: 3/4 (hTRIG1)

f win=

N 0(up , em)
N up(

3He)

N up (em)
+N 0(down ,em)

N down (
3He)

N down (em)

N 0(
3He)
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3He Target Simulation
(Compare with replayed root file results)

Pol 3He run on cell Dutch:
● HMS 2771: 3He DIS, Longitudinal 180°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)

Empty run on reference cell  Will:
● HMS 3077: Empty Target DIS, 

Transverse 90°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)

● z cut at z=±18.0 cm away from target 
chamber center position.

● z cut at z=±12.0 cm away from target 
chamber center position.

f win=

N 0(up , em)
N up (

3He)

N up (em)
+N 0(down ,em)

N down (
3He)

N down (em)

N 0(
3He)
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Window Dilution
(effect of upstream window z cut position)

● Fix downstream window z cut at 
z=+18.0 cm away from target chamber 
center position.

● Adjust upstream window z cut to 
minimize

● For z cut be (-17 cm,+18 cm),  ΔAA
phys  

is around minimal.
  

Δ A phys∝
1

√(N 0(
3He))(1−f win)

Pol 3He run on cell Dutch:
● HMS 2771: 3He DIS, Longitudinal 180°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)

Empty run on reference cell  Will:

● HMS 3077: Empty Target DIS, 
Transverse 90°

● E
p
=-3.5 GeV, 30°, kin-4

● Trigger: 3/4 (hTRIG1)

f win=

N 0(up , em)
N up (

3He)

N up (em)
+N 0(down ,em)

N down (
3He)

N down (em)

N 0(
3He)
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𝐴𝑟𝑎𝑤 ,𝐶𝑂𝑅𝑅

 

 

Acceptance Cuts:
-10 < P.gtr.dp < 22
|P.gtr.ph| < 0.07
|P.gtr.th| < 0.05
|P.react.z| < 17

Electron Sample/PID cuts:
P.ngcer.npeSum > 12 
&& shower E/P > 0
Total E/P > 0.80 

Electron Sample/PID cuts:
P.ngcer.npeSum > 8 
&& shower E/P > 0
Total E/P > 0.80 

3.4 GeV 2.6 GeV

SHMS
APPLIED CUTS

A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 

4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut 𝐴𝑟𝑎𝑤 ,𝐶𝑂𝑅𝑅

Remove low-stat runs
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut

Remove low-stat runs
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 

 

4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

𝐴𝑟𝑎𝑤 ,𝐶𝑂𝑅𝑅

 

 

Acceptance Cuts:
-8 < H.gtr.dp < 8
|H.gtr.ph| < 0.06
|H.gtr.th| < 0.1
|H.react.z| < 15

Electron Sample/PID cuts:
H.cer.npeSum > 5.5 
&& shower E/P > 0
Total E/P > 0.80 

HMS
APPLIED CUTS

Electron Sample/PID cuts:
H.cer.npeSum > 5 
&& shower E/P > 0
Total E/P > 0.80 

3.5 GeV 2.9 GeV
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut

Remove low-stat runs
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut

Remove low-stat runs
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 

 4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut
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A
1
n Asymmetry Analysis
(results from Melanie Rehfuss)

 

 4uA/10s/10s beam trip cut
+ preshower E/P > 0.05 PID cut
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Summary
Analysis Flow Chart

● The A1
n experiment (E12-06-110) 

is a flag-ship, high impact 
experiment which will give more 
insights on understanding the 
spin structure of nucleon.

● Timing analysis, detector 
calibrations, PID cuts 
complete.

● Window dilution study and 
offline A1

n asymmetry analysis 
ongoing.
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PhD Candidates Spokespeople    

People
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Barcus, J. Benesch, H. Bhatt, D. Bhetuwal, D. Biswas, A. 
Camsonne, G. Cates, J-P. Chen, J. Chen, M. Chen, C. 
Cotton, M-M. Dalton, A. Deur, B. Dhital, B. Duran, S.C. Dusa, 
I. Fernando, E. Fuchey, B. Gamage, H. Gao, D. Gaskell, T.N. 
Gautam, N. Gauthier, C.A. Gayoso, O. Hansen, F. 
Hauenstein, W. Henry, G. Huber, C. Jantzi, S. Jia, K. Jin, M. 
Jones, S. Joosten, A. Karki, B. Karki, S. Katugampola, S. Kay, 
C. Keppel, E. King, P. King, W. Korsch, V. Kumar, R. Li, S. Li, 
W. Li, D. Mack, S. Malace, P. Markowitz, J. Matter, M. 
McCaughan, Z-E. Meziani, R. Michaels, A. Mkrtchyan, H. 
Mkrtchyan, C. Morean, V. Nelyubin, G. Niculescu, M. 
Niculescu, M. Nycz, C. Peng, S. Premathilake, A. Puckett, A. 
Rathnayake, M. Rehfuss, P. Reimer, G. Riley, Y. Roblin, J. 
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Backup Slides 
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PID Studies for Spectrometers
(by Melanie Rehfuss)



07/09/2021 Hall A/C Collaboration Meeting Page:35

PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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PID Studies for Spectrometers
(by Melanie Rehfuss)
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mc-single-arm Simulation Setup
● Number of trails=100 k

HMS Acceptance:
● Delta range: (-15%, 15%)
● Theta range: (-100 mr, 100 mr)
● Phi range: (-100 mr, 100 mr)

SHMS Acceptance:
● Delta range: (-20%, 30%)
● Theta range: (-70 mr, 70 mr)
● Phi range: (-80 mr, 80 mr)

Simulated Empty Reference Target: cell Will
HMS and SHMS:
● Upstream Window: GE180, Z=-20 cm, 

Length=0.015 cm 
● Downstream Window: GE180, Z=+20cm, 

Length=0.015 cm 
● N

2
 gas: 1.0 atm, Z=-25.0 cm, Length=10.0cm

(from Z=-30.0 cm to Z=-20.0 cm)

Simulated Pol 3HeTarget: Cell Bigbrother
HMS and SHMS:
● Upstream Window: GE180, Z=-21 cm, 

Length=0.01009 cm 
● Downstream Window: GE180, Z=+19 cm, 

Length=0.01382 cm 
● 3He Target Chamber: 12.0 amg, Z=-1.0 cm, 

Length=40.0 cm 
● N

2
 gas: 1.0 atm, Z=-25.5 cm, Length=9.0 cm

(from Z=-30.0 cm to Z=-21.0 cm)

● SHMS Simulation Optics File:

shms-2017-26cm-
monte_q1_1018_q2_1027_q3_1018_
recon_60cm.dat

● HMS Simulation Optics File:

recon_cosy_refit_1.576_60cm.dat
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Table of Batch Farm Jobs
(for glass windows)

Note:

For glass windows in order to save time:
● Separate into small scattering angle range (3 

angle values each).

Exp Cell Target Spec Kine status

A1n Prod Dutch Up Win; Down Win HMS 4 Complete

A1n Prod Dutch Up Win; Down Win SHMS B Complete

A1n Empty Will Up Win; Down Win HMS 4 Complete

A1n Empty Will Up Win; Down Win SHMS B Complete

A1n Prod 
Bigbrother

Up Win; Down Win HMS 4 To do

A1n Prod 
Bigbrother

Up Win; Down Win SHMS B To do

A1n Prod 
Bigbrother

Up Win; Down Win HMS 3 To do

A1n Prod 
Bigbrother

Up Win; Down Win SHMS C To do

A1n Empty Will Up Win; Down Win HMS 3 To do

A1n Empty Will Up Win; Down Win SHMS C To do

Exp Cell Target Spec Kine status

d2n Prod Austin Up Win; Down Win HMS C To do

d2n Prod Austin Up Win; Down Win SHMS Z To do

d2n Prod Austin Up Win; Down Win HMS A To do

d2n Prod Austin Up Win; Down Win SHMS X To do

d2n Empty 
Christen

Up Win; Down Win HMS C To do

d2n Empty 

Christen

Up Win; Down Win SHMS Z To do

d2n Prod Briana Up Win; Down Win HMS C To do

d2n Prod Briana Up Win; Down Win SHMS Z To do

d2n Prod Briana Up Win; Down Win HMS A To do

d2n Prod Briana Up Win; Down Win SHMS X To do

d2n Prod 
Tommy

Up Win; Down Win HMS C To do

d2n Prod 
Tommy 

Up Win; Down Win SHMS Z To do

d2n Prod 
Tommy

Up Win; Down Win HMS A To do

d2n Prod 
Tommy 

Up Win; Down Win SHMS X To do

d2n Empty 
Fauci

Up Win; Down Win HMS A To do

d2n Empty 
Fauci

Up Win; Down Win SHMS X To do
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Target Cell Window Thickness
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F1F2IN09 Function

● When calling F1F2IN09 for any nucleus (including hydrogen) the function calls CHRISTY507 and RESMODD.  
● The RESMODD function does not work for Q2>11 GeV2.  For this example, the E' values greater than 3.88GeV 

correspond with a Q2 value greater than 11 GeV2.
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Previous Results for A
1

n and PDF

Parno et al., Phy Let B DOI: 10.1016/j.physletb.2015.03.067
X. Zheng et al., PRL 92, 012004 (2004); PRC 70, 065207 (2004)

Up

Down

pQCD with 
spin only

pQCD with 
orbital angular 
momentum

JLab E06014
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A
1

n Online Projected Results

• From online statistics

• x range covered: (0.40, 0.75)

• Statistical uncertainty expected: 
ΔAA

1
n=0.053 @ x=0.755


