Preparing a Polarimetry Measurement
for the Nab Experiment
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The Nab Phase Space
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Without Polarization:
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A closer look at the polarized terms:

(@) (Ape n pr n DPE:EZ\),V)

cos 6, ,cos 6,, ™ Independent

cos b, = cosb,, cosb, + sinf,, sin b, cos b,
Pv

If we average over all the events we can measure:

() | (Afe(cos B;) + B{cos b,) cosb,,)



A closer look at the polarized terms:

(@) - (A%+B%+><)

cos 6, ,cos 6,, ™ Independent

cos b, = cosb,, cosb, + sinf,, sin b, cos b,

Pv

If we average over all the events we can measure:

() | (Afe(cos B;) + B{cos b,) cosb,,)



A closer look at the polarized terms:

(a—n’>.(A’;:j+B’;:‘j+><)

cos 6, ,cos 6,, ™ Independent

cos b, = cosb,, cosb, + sinf,, sin b, cos b,

Pv

If we average over all the events we can measure:

(0, | (ABe(cos B,) +[B(c0s B,)|cos By)




The Polarization Terms
[{o,)|B{cos 8,) cosb,,.

-|(a,,)| Is the polarization we can measure

-B, according to the latest PDG Average: 0.9807+£0.0030
-(cos 6,)~ {-1,1} this is averaged over all events

-This depends on the Spectrometer Cutoff angle

Bp
cosep = |1—-—=0.75
min BF

This accounts for the fact that we only count
coincidences where the proton reaches the upper
detector within some reasonable cutoff time.
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Simulated Large Polarization

Monte Carlo Event Generator
e Relativistic
e Constant Polarization
e Counting and binning
e Linearfitin cos0,,

We can estimate that
(cosB,) ~0.5, and caries
some dependance on
electron energy

Calculated value of a
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Measuring the Polarization

e 3He Polarizer and Analyzer
e Adiabatic Fast Passage Spin Flipper
e Transmission Ratios for beam polarization and Spin Flipper Efficiency

1+P, e—lai(lﬂFPHe) | 1

T =N Ao
- 2
Polarizer Analyzer
3He 3He




The Adiabatic Fast Passage Spin Flipper

RF Solenoid




The Adiabatic Fast Passage Spin Flipper
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The Adiabatic Fast Passage Spin Flipper

Projection (cos 0 gp)
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Complication: Spectrometer Fringe

Field Strength (G)
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Complication: Spectrometer Fringe
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Complication: Spectrometer Fringe
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Complication: 3He Cell
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Problem: We need a holding field for the 3He Polarizer for the polarization
measurement.

e Field must be homogeneous

e Limited space- 20cm along beam

e Background gradients unreliable, need shielding
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Complication: 3He Cell

Solution 1: A Magic Box
e 15x15x20 cm,
e Mu Metal, wrapped with Copper
magnet wire
e ~16G at center of box

Calculated Relative Gradient at center
of box:

dB,
( dz

dB, \ 1 -
+ — )| 5 ~20.003400/cm




Magic Box Prototype
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Magic Box Prototype
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Solution 2: Merritt Coil 7
Simulated Parameters ,
e d=20cm
e a=2.56212
e b=10.10984cm e
e Gradient averaged over 6¢cm cube at center \\s\
0.01406 /cm \\//\/:
VBerVB |VB |
By 0.025
0.020
0.015
. I I
0.005
0.000

Merritt, R., C. Purcell, and G. Stroink. "Uniform magnetic field produced by three, four, and five square coils." Review of Scientific

21
Instrumem‘s 54.7 (1983): 879-882.
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Solution 3: Ruben Cail T
. o« d-of
Simulated Parameters a
e d=20cm s
e Gradient averaged over 6cm cube at center: t
4.5242x10*/cm
VB,+VB, | vB, VB, |
By By
0.00200
0.00175
S 0.00150
‘ 0.00125
i. | 0.00100
- ’ 0.00075
0.00050
0.00025
0.00000
Merritt, R., C. Purcell, and G. Stroink. "Uniform magnetic field produced by three, four, and five square coils." Review of Scientific 22

Instruments 54.7 (1983): 879-882.



Spin Tracking with the Ruben Coil

Projection (cos 6 sg)
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What’s Next?

Mechanical design of holding field
Holding field prototypes

3He lifetime testing

Installation on FNPB

Polarimetry
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