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PRECISION MØLLER POLARIMETRY

Differential Cross Section Analyzing Power (Azz) Scattering Angle

Møller Scattering

Large at 90°CM = -7/9
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PRECISION MØLLER POLARIMETRY
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PRECISION MØLLER POLARIMETRY
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PRECISION MØLLER POLARIMETRY

Systematic Errors Are Dominated by Polarimetry!

Table taken from talk by K. Paschke
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   PREX II  (June 2019)                 0.95GeV                ~85%           1.1% 
   CREX (November 2019)          2.20GeV                ~85%           0.8% 
   MOLLER  (202x?)                     11.0GeV                ~85%           0.42%

PRECISION MØLLER POLARIMETRY
Past Precision Experiments

Future Precision Experiments in Hall A
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                   Tilted Target         Tilted Target         Brute Force Method    
1998-2005           2005-2015                    2010                                                    

PRECISION MØLLER POLARIMETRY

Systematic Errors
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1998:  Systematic Error was at 3%

PRECISION MØLLER POLARIMETRY
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POLARIMETRY MEASUREMENTS (DVCS)

Tilted Low Field Target High Field “Brute Force” Target

New Target  Motion System(TEMPLE University )

4/19/16 11/28/1610/31/16 12/07/16
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POLARIMETRY MEASUREMENTS (DVCS)

Comparison with Compton Polarimeter
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EXPERIMENTAL SET-UP

New New



William Henry   January 16th, 2019                    Precision Møller Polarimetry 14

EXPERIMENTAL SET-UP (2016)
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EXPERIMENTAL SET-UP (2019)
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EXPERIMENTAL SET-UP (2019)
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ERRORS:  BUDGET FOR MOLLER 

17

Taken From MOLLER MIE
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ERRORS:  STATISTICAL
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Rate=53k Hz

ERRORS:  STATISTICAL
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ERRORS:  STATISTICAL
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ERRORS:  TARGET POLARIZATION
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ERRORS:  TARGET POLARIZATION
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ERRORS:  TARGET POLARIZATION
TARGET HEATING

CFD Calculation done by Silviu Covrig
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ERRORS:  TARGET POLARIZATION

Conclusions from Don’s Study
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ERRORS:  TARGET POLARIZATION

Target Angle needs to be well known to limit uncertainity on target magnetization!
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X-RAY MAGNETIC CIRCULAR DICHROISM 
(XMCD) SPECTROSCOPY OF IRON FOILS

26

Oxidation Seen On Foil Surface

Possibility of future XMCD analysis being discussed at Temple which could be a new method 
to confirm target magnetization and/or g’

ERRORS:  TARGET POLARIZATION
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(std dev)/mean = 5.2%  
stdDev/(sqrt(45044)=0.018 

0.018/.7375=0.024%

27

ERRORS:  ANALYZING POWER
Detector Acceptance determines <Azz> which we infer from simulation
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ERRORS:  ANALYZING POWER
This is what happens when you don’t treat <Azz> properly with simulation 

(Different Quad Settings ->  Different Acceptance   ->   Different <Azz>)
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ERRORS:  LEVCHUK EFFECT
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ERRORS:  LEVCHUK EFFECT



William Henry   January 16th, 2019                    Precision Møller Polarimetry 31

• MONTE CARLO SIMULATION 
• NEW SCRIPTS 
• QUAD SCAN DATA COMPARISON 
• VALIDATION OF GEANT4 
• FIELD MAPPING OF TARGET MAGNET 

PRECISION MØLLER POLARIMETRY
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GEANT3 SIMULATION

• COMGeant- Interface to Geant3 

• Precompiled executable (Difficult to modify) 

• Limited expertise (Eugene Chudakov, Sasha Glamazdi) 

• Analysis done with PAW and Fortran routines 

• Multiple input files to define geometry and physics 

• Needs to run on ifarm1101(CentOS 6.5) 

• In use since 1998 

• Currently being used to validate new Geant4 simulation 

• How-to and documention coming soon 

• Many new ROOT analysis scripts developed
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GEANT3 SIMULATION: DETECTOR PLANE
example ROOT analysis

Holding field leads to L/R asymmetry
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GEANT3 SIMULATION: VALIDATING GEANT4

GEANT 4

Geant3

Electrons at different planes in quadrupole region of beampipe

Increasing z position
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GEANT3 SIMULATION: VALIDATING GEANT4
Ray Tracing Comparison
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GEANT3 SIMULATION: VALIDATING GEANT4
Ray Tracing Comparison

Comparison of x/y positions at 
10 different virtual planes and 5 

different discrete theta/phi 
settings

Largest 
difference 

117µm
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<Azz> Comparison

.03% Difference in  mean

Geant4 Geant3

GEANT3 SIMULATION: VALIDATING GEANT4
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GEANT3 SIMULATION: TARGET FIELD MAP

New 5T Magnet
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GEANT3 SIMULATION: TARGET FIELD MAP
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GEANT3 SIMULATION: TARGET FIELD MAP

Data and Theory

Tilted Coil Calculation 
vs  

Map Data 
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GEANT3 SIMULATION: QUAD SCAN DATA

Q1 Scan Q2 Scan

Q4 Scan Dipole Scan

2015 Data Comparison (2.1GeV)
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• OPTICS SOLUTIONS 
• PHASE SPACE SCAN 
• CREX SOLUTIONS 
• PREX SOLUTIONS 

PRECISION MØLLER POLARIMETRY
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OPTICS SOLUTIONS

Note on Quad. settings for 11 GeV Upgrade
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Simulation of Documented Quad. Settings

OPTICS SOLUTIONS
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Q2

Q4

Coincidence Hits on Detector at different Q1 settings

CREX OPTICS SOLUTIONS (2.2 GEV)
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Q1 = 5.0 kG
CREX OPTICS SOLUTIONS (2.2 GEV)



William Henry   January 16th, 2019                    Precision Møller Polarimetry 

15− 10− 5− 0 5 10 15
Percent Detuned

0

1000

2000

3000

4000

5000

6000

7000

8000

Co
in

cid
en

ce
 P

ai
rs

Q1
Q2
Q4

Coincidence Pairs vs Magnetic Field

15− 10− 5− 0 5 10 15
Percent Detuned

0.66

0.68

0.7

0.72

0.74

0.76

0.78

An
al

yz
in

g 
Po

we
r

Q1
Q2
Q4

Analyzing Power vs Magnetic Field

C
oi

nc
id

en
ce

 P
ai

rs
An

al
yz

in
g 

Po
w

er

15− 10− 5− 0 5 10 15
Percent Detuned

0

1000

2000

3000

4000

5000

6000

7000

8000

Co
in

cid
en

ce
 P

ai
rs

Q1
Q4

Coincidence Pairs vs Magnetic Field

15− 10− 5− 0 5 10 15
Percent Detuned

0.66

0.68

0.7

0.72

0.74

0.76

0.78

An
al

yz
in

g 
Po

we
r

Q1
Q4

Analyzing Power vs Magnetic Field

Three Quad Solution (F/D/
C

oi
nc

id
en

ce
 P

ai
rs

An
al

yz
in

g 
Po

w
er

15− 10− 5− 0 5 10 15
Percent Detuned

0

1000

2000

3000

4000

5000

6000

7000

8000

Co
in

cid
en

ce
 P

ai
rs

Q2
Coincidence Pairs vs Magnetic Field

15− 10− 5− 0 5 10 15
Percent Detuned

0.66

0.68

0.7

0.72

0.74

0.76

0.78

An
al

yz
in

g 
Po

we
r

Q2
Analyzing Power vs Magnetic Field

C
oi

nc
id

en
ce

 P
ai

rs
An

al
yz

in
g 

Po
w

er

15− 10− 5− 0 5 10 15
Percent Detuned

0

1000

2000

3000

4000

5000

6000

7000

8000

Co
in

cid
en

ce
 P

ai
rs

Q1
Q2
Q4

Coincidence Pairs vs Magnetic Field

15− 10− 5− 0 5 10 15
Percent Detuned

0.66

0.68

0.7

0.72

0.74

0.76

0.78

An
al

yz
in

g 
Po

we
r

Q1
Q2
Q4

Analyzing Power vs Magnetic Field

C
oi

nc
id

en
ce

 P
ai

rs
An

al
yz

in
g 

Po
w

er

47

One Quad Solution Two Quad Solution

Three Quad Solution (F/F/F)

CREX OPTICS SOLUTIONS (2.2 GEV)
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CREX OPTICS SOLUTIONS (2.2 GEV)
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Solution where electrons are not hitting detector shielding box

CREX OPTICS SOLUTIONS (2.2 GEV)
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PREX OPTICS SOLUTIONS (0.95 GEV)
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PREX OPTICS SOLUTIONS (0.95 GEV)
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• OUTLOOK 
• “COMMISIONING PLAN” FOR CREX 
• DAQ ANALYSIS IMPROVEMENTS 
• CURRENT READINESS AND FUTURE WORK 

PRECISION MØLLER POLARIMETRY
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Commisioning plan almost finalized 
for upcoming shifts after APEX 

• Superconducting Target Magnet alignment 
(Yves) 

• Detector Thresholds and HV tuning 
• Target Foil Centering test 
• Quad and Dipole Scans 
• Target Saturation Study 
• Holding field Reversal Study

OUTLOOK:  POLARIMETER 
COMMISIONING PLAN
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OUTLOOK:  POLARIMETER 
COMMISIONING PLAN
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Data Anaylsis Scripts being developed using C++ and ROOT

OUTLOOK:  DATA ANALYSIS 
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PRECISION MØLLER POLARIMETRY 

• Completed Work 
• Target polarization studies for ~1.0% polarimetry 
• New 5T Magnet Mapped, analyzed, and incorporated in simulations  
• New target motion system installed 
• New Geant3 simulation expertise 
• “Brute Force” polarimetry measurements for DVCS 
• TOSCA maps created and implemented in GEANT4 

• Nearly Completed  (~ weeks) Work 
• Geant3 documentation and how-to’s 
• GEANT4 simulation 
• Final optics settings for CREX and PREX-II 
• Commisioning plan for Møller polarimeter 
• Survey results (Geometry in simulation not correct) 

• Future Work 
• Target polarization studies for <0.5% polarimetry 
• DAQ improvements (FADC system, new PMT’s being purchased,…) 
• Rewrite analysis software (C++)
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PRECISION MØLLER POLARIMETRY 
SUMMARY AND CONCLUSIONS

• The newly upgraded Møller polarimeter in 
Hall A is on track to be ready to meet 
upcoming precision requirements for CREX 
and PREX-II 

• Work needs to be done to limit systematic 
errors and reach the goal of <0.5% precision 
on beam polarization measurements 
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PRECISION MØLLER POLARIMETRY
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BACK UP 
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2015 QUAD SCAN DATA (2.1 GEV)
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CREX OPTICS SOLUTIONS (2.2 GEV)
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PREX OPTICS SOLUTIONS (0.95 GEV)

Beam Pipe Dipole Face Collimater Dipole Vac. Box

Dipole Exit Shielding 
after Dipole

Detector 
Entrance Detector

Theta/Phi coincidence pair acceptance region by region
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Run 16008

2/29/16 
8.8 GeV 

Target 3 (12.5µm)  
0.7 µA 

4min 53 sec 
59kHz

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.43 %

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.42 %



Run 16015

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.99 %

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.99 %

3/31/16 
11.0 GeV 

Target 3 (12.5µm) 
1.0 µA 

1min 18secs 
53kHz



Run 16159

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.39 %

σM

⟨A⟩
=

StdDev

Entries

Mean
= 0.36 %

12/19/16 
8.5 GeV 

Target 3 (12.5µm)  
1.5 µA 

3min 55secs 
94kHz



HALL C Møller 





William Henry   January 16th, 2019                    Precision Møller Polarimetry 70

Coincidence = 4924 

Coincidence = 3164

Q1 = 5.0 kG

2.2 GEV OPTICS TUNE
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INTRODUCTION: THE SET-UP
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INTRODUCTION: THE SET-UP


