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● Overview of target coils

● Overview of field direction definitions

● First comparison to compass measurements, probe orientation not know yet

● Determine TOSCA map’s current, HB, HL, HS ……

● Modeling the background field (earth field and the environment activation) 

● Modeling the HB field

● Determine the probe’s orientation 

● Create an interactive Field Model using excel

● Create Super TOSCA Model using python

● Compare to compass measurement again

● Compare to vertical field measurement

● Error Analysis

● D2N field mapping analysis status

● Summary

Highlights Will only talk color red parts



field mapping J. Zhang 3

Compare to Compass Measurements

Z+ polarity predictions were not as accurate as other polarities due to missing some single coil 
measurements;
Z-,X+ and X- polarities measurements indicate that the probe have -1.01 degree off the beam line, 
pointing to beam right if looking downstream.
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Modeling the Background
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Probe Orientation Definition
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Fit Probe Orientation by HL



field mapping J. Zhang 7

Fit Probe Orientation Results
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Create An Interactive TOSCA Model: 30deg
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Available Interactive TOSCA Models

https://userweb.jlab.org/~jixie/A1N/mapping/models/   also available in work disk

https://userweb.jlab.org/~jixie/A1N/mapping/models/
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Create Super TOSCA Model Map: python

https://hallcweb.jlab.org/wiki/index.php/TOSCA_simulation_for_Pol_He3_Field
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Figure from Super-TOSCA-Model: 30deg, 3.4GeV
x- polarity
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Figure from Super-TOSCA-Model: 30deg, 3.4GeV
x- polarity
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Currents for Compass Measurement

In this file, +/- X  are 
different from M. Roy’s 
definition above
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Compare to Compass Measurements Again

Using M.Roy’s definition Z+ and X- angles are bad, why? …….
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Why Z+ and X+ angles so bad?

VL, VS, HB, HLCC, HSCC are all set to 0, only Bg + HL + HS are on
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Compare to Bill’s Measurements

● A 1-D probe was used to measure By at the z = 0 and 15 cm along the beam line for 180 and 270 degrees 
polarities. The SHMS was at 30 degrees and the HB was powered to 3.4 GeV/c.  

● Log entry: https://logbooks.jlab.org/entry/3804362

● The super TOSCA model predicted the vertical field averaged along the beam line is 0.771 Gauss at 270 degrees 
polarity and -0.421 Gauss at 180 degrees polarity.

https://logbooks.jlab.org/entry/3804362
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Error Analysis
● Accuracy of horizontal coils (HL + HS)  → < 0.36 Gauss

● Accuracy of vertical coils (VL + VS)  → < 2%, or < 0.2  Gauss for 7A 
current

● Accuracy of horizontal correction coils (HLCC + HSCC)  → < 0.13  Gauss 
for 2A current

● Accuracy of horizontal bender field (HB) → < 0.23 Gauss for 7.5GeV 
setting

● Accuracy of Bg → 0.13 Gauss

● Accuracy of all → 0.39 Gauss



field mapping J. Zhang 18

D2N Field mapping Analysis Status 

1. Field mapping was done in z range from -10 
to 30, in a gap of 10c. But probe orientation 
have changed

2. Existing single coil TOSCA maps do not  
cover this range. I need to re run TOSCA for 
each coil to generate new maps

3. Repeat all analysis to determine NEW 
probe orientation???   (Maybe not…, too 
much work and very little to discover)

4. Determine TOSCA maps current for HL and 
HS coils

5. Adopt python code to create some Super-
TOSCA-Modles for D2N 
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Summary
● Helium3 target coils and field mapping devices are introduced. 

● How to determine current for each single coil TOSCA map is introduced

● Detailed how to model background field and HB field

● Probe orientation is determined

● Interactive TOSCA models are created using excel

● Super-TOSCA-Models are created using python code

● Did comparison to compass measurement 

● Compare to vertical field measurement 

● Error analysis is done for each set of coils

● D2N field mapping analysis is on-going, can be finished in a few weeks

● Analysis tech-note for A1N is ready online (in overleaf). 46 pages! I still need to 
include some appendix.



field mapping J. Zhang 20

Back Up
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Coil definitions (1)

By large coil (VL)

Bx coil (HL)

Bz coil (HS)

By small coil (VS)
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Coil definitions (2)

By large coil (VL)

Bx coil (HL)
BxCC (HLCC) (white)

Bz coil (HS)
BzCC (HSCC) (white)

By small coil (VS)
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Experiment Setup
THM1176-HF, Three-Axis Hall 
Magnetometer Probe
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● Original raw data: 
– Position: looking downstream,  x in to beam right, y 

is vertical up, z is pointing upstream.

(X=0,y=4,Z=25) is most close to the pivot 
– Field:  Bx is vertical up, By is beam left, Bz is 

upstream

● I have flipped position and field into Lab 
coordinate system in my report. 

Definition of field directions
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Determine TOSCA Map Current: HB
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Determine TOSCA Map Current: HLHS
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Modeling the HB Field: 12.5 deg

This is how I deal with  
HB field at various z 
location

All angle settings will 
repeat this process
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Fit Probe Orientation by VL
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Accuracy of the Main Holding Field (90deg)

realpredict

 -  = 

predict - real

- Field measured for Bx coil = 7.077 A

- Field measured for Bz coil = -7.169 A

- Predicted fields for Bx coil = 5.163 A, Bz coil = -5.231 A

- compare prediction to real measurement

The accuracy of Btot is about 0.31 gauss 



field mapping J. Zhang 30

Accuracy of the Main Holding Field (all 4 polarities)
The accuracy of Btot is about 0.36 gauss 
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Accuracy of the Horizontal Correction Coils

- Field measured for BxCC at +/-2.0A

- Field measured for BzCC at +/-2.0A

- Field measured for BxCC and BzCC both coils on (at +/- 2.0A) for 4 polarities: ++,+-,-+,-- 

- Predicted fields for all these 4 polarities: ++,+-,-+,-- 

- Compare prediction to real measurements

The accuracy of Btot is about 0.13 gauss 
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Accuracy of the HB Field
The accuracy of Btot is about 0.24 gauss for 7.5GeV setting
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Offsets and By Background
Offsets of 3-D probe itself before 
and after zero calibration in EEL building 
after all field mapping is done 
Applied in analysis

Background in By

● By changes about  0.06 
gauss from day to day

● By has z dependence

● Background on 10/19 was 
used in analysis
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Bx and Bz Background

● Bx on 10/23 is about 0.15 larger than 10/19 or 10/21. Most data are taken before 10/23.

● If do not consider 10/23 data, Bx changes about 0.1 gauss, Bz changes about 0.06 gauss

● Bx and Bz both have z dependence

● Background on 10/19 was used in analysis

The accuracy of Btot is about 0.13 gauss 
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Where do we optimize the field?

● field gradient at the 
beam line is optimized
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● Background  (4 times at different days)
● Calibrate to 1-D hall probe, also did zero calibration at the end
● Calibration of single coils:

– Helmholtz Coils only: Bx(+/-), Bz(+/-), Bx(+/-)_N_Bz(+/-)
– Vertical coils: VL, VS, VS_N_VL
– Horizontal correction coils: HS(+/-), HL(+/-), HS(+/-)_N_HL(+/-)

● 30 deg
– HB only
– HB + target field on (4 polarities) 
– HB + target field on (4 polarities) + Vertical Coils 
– HB + target field on (4 polarities) + Vertical Coils + horizontal coils

● 12.5 deg
– HB only
– HB + target field on (4 polarities) 
– HB + target field on (4 polarities) + Vertical Coils 
– HB + target field on (4 polarities) + Vertical Coils + horizontal coils

● 18 deg
– HB only
– HB + target field on (4 polarities) + Vertical Coils + horizontal coils

What data have been taken?
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Adjustment in Pitch Angle
On 10/23, Survey group adjusted the target platform by changing the pitch angle such that one 
reference point is moving vertical down by 3 mm. Here is the summary of the adjustment. Notes was 
taken during telephone conversation with Chris Gould .

● The ideal Helmholtz coil center is (0,150.01,0) mm, the actual center is (-0.55, 146.41, 0.3) mm, in Lab 
coordinate system.

● The ideal position of the reference point which has been adjusted is (-3.0,-862.96, 838.06) mm in the 
target coil coordinate system.

● The actual position of the reference point after adjustment is (-3.55, -866.56, 838.36) mm, in the target 
coil coordinate. The distance of the reference to target center is 1202.94 mm.

● From the above the pitch angle change is :

dPitch  =  asin(862.96/1202.94) - asin(859.96/1202.94) 

                  = 3.573 mr = 0.205 deg 

● This is a rotate about a line, which is parallel 
to Lab x axis and go through the Helmholtz 
coil center (-0.55, 146.41, 0.3), anti-clockwise 
by 0.205 degrees, looking along -x direction.  

● With this rotation:

(0,0,25) becomes (0, -0.0892, 24.9462), 
(0,25,0) becomes (0, 24.9999, 0.0357).

Coil z

Coil y

Beam line

reference point,

moved 3mm down 
after adjustment
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Accuracy of the Horizontal Correction Coils, 4A

- Field measured for BxCC at +/-4.0A and +/-2.0A

- Field measured for BzCC at +/-4.0A and +/-2.0A

- Field measured for BxCC and BzCC both coils on (at +/- 4.0A and +/-2.0A) for 2 polarities: ++,-- 

- Predicted fields for all these 2 polarities: ++,-- 

- Compare predictions to real measurements, also compare 2A to 4A measurements
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