
ATAnalysis Update (final results)

Aug 24, 2021 
Dustin McNulty 

(Idaho State University)

1

Ryan, Weibin, Devi, Caryn, Bob, Robert R., Paul K., Ciprian, Cameron
and Collaboration 



• 1 minirun removed for PREX-2 Pb dataset (redid analysis)
• New non-linearity systematic calculation 
• New CREX Moller polarization results
• Final CREX dilution factor (rate ratio)
• New beam correction systematic 
• A_T results and summary

Outline from June 10, 2021 
Update
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Outline for today
• New beam correction systematic (Robert’s talk)
• New CREX A_T Compton results and ~final combined polarization 
• Updated A_T results and summary
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A_T Dataset

• Abeam correction systematic error uses new calculation: 0.05*abs(Araw - Acorr)

Corrected Asymmetries
Previous 
d(Abeam)

25% of 
correction
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Beam Polarization for A_T
• 1 GeV A_T will use only the Moller results: from Apv publication numbers:  89.7 ± 0.80 %

• 2 GeV A_T uses the both Moller and Compton measurements taken near time of A_T data collection:

--We also add an additional systematic error (0.14 %) in quadrature with overall average to account for dead-
reckoning the Wein rotation angle when going vertical (assumed 3 deg precision, cos(3deg) = 99.86 % )

--2 GeV A_T  combined polarization result:  86.78 ± 0.72 %

(found to be consistent with Moller measurements taken near time of A_T meas)

--From Moller: 86.9 ± 0.78 % overall (0.141 % from stat) 

--From Compton: 86.7 ± 0.63 % overall (0.10 % from stat)

--We decided to simply average the two polarimetry results: both mean and overall error

CREX A_T Compton 
error table



1 GeV A_T Systematic Errors
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65.33 1.03

65.41 16.52

247.79 4.04

ppb %
Previously (pdA_beam)



2 GeV A_T Systematic Errors
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161.81 1.67

111.17 15.46

8.81 0.09

36.46 0.39

ppb %
Previously (pdA_beam)
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A_T

A [ppm]
d(A) stat 
[ppm]

d(A) syst 
[ppm] syst/stat

d(A)  tot 
[ppm]

-6.34 0.38 0.07 17% 0.39
0.43 0.16 0.05 29% 0.17

-6.12 0.34 0.08 23% 0.35
-9.71 1.05 0.10 9% 1.05
0.62 3.15 0.75 24% 3.24

-9.98 1.10 0.10 9% 1.10
-9.35 1.09 0.13 12% 1.10

~Final A_T Results

Experiment Target

PREX-2 (respin-2)
Carbon-12
Pb208
Ca40

CREX (respin-2)

Carbon-12
Pb208
Ca40
Ca48

A_T

Ath [ppm]
d(Ath) 
[ppm]

Deviation 
[ppm]

Deviation
[#𝜎exp]

-5.18 0.03 1.16 3.0
-5.15 0.02 -4.72 -28
-4.75 0.06 1.37 3.9
-9.56 0.35 0.15 0.14
-6.33 1.31 -5.71 -1.8
-7.40 0.42 2.58 2.3
-8.83 0.5 0.52 0.5

~Final Results Theory predictions

plots not exactly up to date
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A_T

Ath [ppm] d(Ath) [ppm]
Deviation 
[ppm]

Deviation 
[#𝜎exp]

-5.18 0.03 1.16 3.0
-5.15 0.02 -4.72 -28
-4.75 0.06 1.37 3.9
-9.56 0.35 0.15 0.14
-6.33 1.31 -5.71 -1.8
-7.40 0.42 2.58 2.3
-8.83 0.5 0.52 0.5

Theory predictionsA_T

A [ppm]
d(A) stat 
[ppm]

d(A) syst 
[ppm] syst/stat

d(A)  tot 
[ppm]

-6.34 0.38 0.07 17% 0.39
0.43 0.16 0.05 29% 0.17

-6.12 0.34 0.08 23% 0.35
-9.71 1.05 0.10 9% 1.05
0.62 3.15 0.75 24% 3.24

-9.98 1.10 0.10 9% 1.10
-9.35 1.09 0.13 12% 1.10

Experiment Target

PREX-2 (respin-2)
Carbon-12
Pb208
Ca40

CREX (respin-2)

Carbon-12
Pb208
Ca40
Ca48

~Final Results

Plots (sorry not exactly up to date, but very close)



• Final analysis tasks completed and A_T results finalized (beam correction systematics and polarization)

Summary

• Some very minor lingering details to finalize:
--how exactly we combine the 2 GeV polarimetry results; need to consider final Apv publication plans
--the detector non-linearity systematic could be lower (0.5 à 0.3 %) for 2 GeV running-–again considering 
our plans for Apv

• Manuscript is nearly complete ; we plan to meet over the next couple weeks to finalize it, get feedback from 
collaborators and submit to PRL
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Some old slides (Backups)
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Respin1 CREX Asymmetries
Carbon Ca-40

Ca-48 Pb



Error Calculations (from March 2021)
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PREX-2
Carbon-12
Pb208
Ca40

CREX

Carbon-12
Pb208
Ca40
Ca48

An

An [ppm]
dAn stat 
[ppm]

dAn syst
[ppm] syst/stat

-6.35 0.38 0.14 38%
0.40 0.16 0.08 50%

-6.13 0.34 0.28 83%
-9.71 1.05 0.25 24%
0.72 3.18 0.75 24%

-9.94 1.10 0.20 18%
-9.35 1.09 0.22 20%

Dilution/purity correction

Acorr [ppb]
dAcorr stat 

[ppb]
dAcorr syst

[ppb]
-5494 330

343 136
-5295 290
-8172 881

606 2673
-8379 929
-7884 919

dAcorrstat = (1+ fi) × dAmeas dAnstat = 1
Pb cos$ (1+ fi) × dAcorr

dAnsyst = 1
Pb cos$ ((Acorr − Ai ) × dfi)2 + (fi × dAi)2 + (Acorr × 0.02)2 + (|Acorr –Araw|× 0.25)2 + (pdP)2

non-linearity
pdP = [(1+ fi) × Acorr − fi × Ai] × dPb/Pb

Error in cos𝜙 is negligible
Error due to different beam corrections not included
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• PREX-2(respin-2): from summer 2020 haplogs 4169 and 4155

• While investigating PREX-2 Aq, a bad minirun was found at very beginning of run 4117;

--It was removed and then re-analyzed by Ryan (shown in blue); results are in haplog 4549

A_T Dataset (June 2021)

• New CREX results from Weibin posted in haplog 4524 following respin-2; no big changes

• Note that Abeam corrections in above table still use the original 0.25*(Araw-Acorr)
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New non-linearity systematic calculation (June 2021)

• New correction separates the contributions from detector and BCM non-linearity

Det non linearity
d(A) syst 
[ppb]

d(A) syst 
[%]

26 0.50%
1 0.50%

22 0.50%
38 0.50%
12 0.50%
42 0.50%
39 0.50%

• Detector non-linearity uses 0.5 % x Araw
New BCM Non Linearity Systematic

Target
Aq
[ppb]

d(A) syst 
[ppb]

d(A) syst 
[%]

PREX-2 Carbon-12 -52.863 0.5 1.00%
Pb208 140.602 1.4 1.00%
Ca40 -104.763 1.0 1.00%

CREX Carbon-12 50.09 0.5 1.00%
Pb208 -1.61 0.0 1.00%
Ca40 47.81 0.5 1.00%
Ca48 27.35 0.3 1.00%
Analysis done by Weibin: http://ace.phys.virginia.edu/HAPPEX/4544

• BCM non-linearity uses 1.0 % x Aq

• The old calculation simply multiplied Acorr by 2.0 %

AND
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Slide from Eric and Don (June 2021)
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Slide from Eric and Don (June 2021)
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Dilution factors and Target Impurity (June 2021)

• The issues that were addressed/fixed were related to implementing Chuck’s new XS tables 
correctly (fairly minor) but the BIG issue was we learned that:

--Due to the radiative effects in the Pb (in between the diamond), the ‘effective’ radiation 
length of the diamond is lowered by ~0.5  (haplog: 4532)
--After realizing this, the calculated rate ratio from data widths as well as (FF/Q)^2 scaling 
calculations agree with simulated results at 10 % level!

• CREX dilution factor for Pb finalized and taken from Weibin’s simulation (same as for the PREX-2 result)


