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• False asymmetries and new crex respin1 
• Dilution factors and asymmetry correction
• An extraction; polarization and cos!
• Errors
• Q2 changes
• Summary

Outline
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False Asymmetries

Analysis from Ryan following respin-2; posted in haplog 4160 (July 2020); Final -- no need to redo  

Analysis from Weibin; posted in haplog 4144 (June 2020 – prompt output)  

PREX-2:

CREX:
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Carbon-12 -7628 1042 -8172 881.0 136
Ca40 -8350 1203 -8379 929 7.25
Ca48 -7802 1079 -7925 842 30.8
Pb208 -2446 1763 -2820 1630 93.5

(Feb 2021 – respin1 output haplog 4464 ) 
-8230 880.1
-8372 927.7
-7978 840.8
-2770 1628

151
5.73
44.0
81.1

Afalse, dit

0.25*!A

602
22
176
324

544
29
123
374

http://ace.phys.virginia.edu/HAPPEX/4160
http://ace.phys.virginia.edu/HAPPEX/4144
http://ace.phys.virginia.edu/HAPPEX/4464
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Respin1 CREX Asymmetries
Carbon Ca-40

Ca-48 Pb



Dilution Factors and Asymmetry Correction
Pb data:
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• Original (summer) analysis used the following formula for the carbon dilution correction:

!"#$%&& =
!()*+,-. − 01 !1

1 − 01

Where fC,r = 3456_89456_:; = 0.0765 ± 20% for prex-2 and 0.89 ± 20% for crex (haplog 4129)
--these values came from averages of analyses using calculated rates and rates from real data widths

• Apv analysis for prex-2 uses an equivalent formula:

• The same simulation for crex kinematics doesn’t work -- no xs tables for Pb at 2 GeV

!"#$%&& = !()*+,-. 1 + fC,r − fC,r!1

where 01 = 3456_8
(3456_FG 3456_:;) = 0.0629 ± 0.00463 for prex-2 obtained from simulation by Weibin

--So we scaled Weibin's 0C simulation results for prex-2 to crex using FF^2/Q^2 ratios (from new Q^2 
analysis, haplog 4453)

--The result was 01 = 0.377 ±0.075 (20%) for crex (see haplogs 4455, 4456, and 4470)

--new values calculated based on Weibin’s prex-2 sim and FF^2/Q^2 ratios (from new Q^2 analysis, 
haplog 4453 and 4468):
fC,r= 0.0671 ±0.0134 (20%) for prex-2 and 0.605 ±0.121 (20%) for crex (haplog 4456 and 4470)

http://ace.phys.virginia.edu/HAPPEX/4129
http://ace.phys.virginia.edu/HAPPEX/4455
http://ace.phys.virginia.edu/HAPPEX/4456
http://ace.phys.virginia.edu/HAPPEX/4470
http://ace.phys.virginia.edu/HAPPEX/4453
http://ace.phys.virginia.edu/HAPPEX/4468
http://ace.phys.virginia.edu/HAPPEX/4456
http://ace.phys.virginia.edu/HAPPEX/4470


Dilution Factors and Asymmetry Correction

Ca data:
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!"#48&'(( =
!*+,-.#/ − 1"#40!"#40

1 − 1"#40

• Purity correction uses same formula:

where 1"# = 898_;<=>
(;<=>@898_;<=>) = 0.0831 ± 0.0017 (atomic fraction) obtained from isotopic analysis

Impurity in Ca-48 dominated by Ca-40 (8%), then Ca-44 (0.19%)

!"#48&'(( = !*+,-.#/ 1 + fCa40,r − fCa40,r!"a40

where fCa40,r= 898_;<=>;<=> = 0.0907 ±0.0018 for crex (atomic fraction) obtained from isotopic analysis



Dilution/purity correction Summary
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PREX-2

Carbon-12

Pb208

Ca40

CREX

Carbon-12

Pb208

Ca40

Ca48

from summer 2020 (prex -- respin2 and crex – prompt output)

Current Results
prex respin2 &
crex respin1

!"#$$ = !&'()*+, 1 + fi,r − fi,r!'
corrected asymmetry (dithering)

Acorr
[ppb]

dAcorr stat

[ppb]

dAbeam syst

[ppb]

syst/stat 

%

-5494 330 57 17%

-24 128 57 44%

-5295 290 214 74%

-8172 881 136 15%

-2820 1630 94 6%

-8379 929 7 0.8%

-7925 842 31 4%

purity correction

Acorr
[ppb]

dAcorr stat 

[ppb]

dAcorr syst

[ppb]

-5494 330

343 156 276

-5295 290

-8172 881

419 2748 686

-8379 929

-7884 923 583

PREX-2

Carbon-12

Pb208

Ca40

CREX

Carbon-12

Pb208

Ca40

Ca48

-5494 330 57 17%

-24 128 57 44%

-5295 290 214 74%

-8430 922 154 17%

-3299 1739 86 5%

-8700 977 3 0.3%

-8220 892 90 10%

-5494 330

394 140 276

-5295 290

-8430 922

1278 3394 938

-8700 977

-8176 976 605

Rate ratio (fi,r )

Feb 2021
fC,r = 0.0671 ± 0.0134

fC,r = 0.6052 ± 0.1210

fCa40,r = 0.0907 ±0.0018

Summer 2020
fC,r = 0.0765 ± 0.0153

fC,r = 0.8920 ± 0.1784

fCa40,r = 0.0907 ±0.0018



An calculation
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!n =
!corr

'( cos)

Polarimetry
Compton Moller Average

Exp. Polarization Uncert Polarization Uncert Polarization
Assigned 
uncertainty

Calc 
uncert

Relative 
uncert

PREX-2 88.5533 0.447 89.5 0.3 89.50 1.79 0.25 0.02
CREX 86.874 0.101 86.9 0.2 86.89 1.74 0.09 0.02

cos)
0.967
0.966
0.964
0.969
0.969
0.970
0.970

PREX-2
Carbon-12
Pb208
Ca40

CREX

Carbon-12
Pb208
Ca40
Ca48

Apurity
corr [ppb]

-5494
343

-5295
-8172

419
-8379
-7884

An [ppm]
-6.35
0.40

-6.13
-9.71
0.50

-9.94
-9.35

cos)
1/0.966
1/0.969
1/0.974
1/0.963
1/0.963
1/0.964
1/0.964

Acorr [ppb]
-5494

394
-5295
-8430
1278

-8700
-8176

An [ppm]
-5.93
0.43

-5.76
-9.34
1.42

-9.66
-9.07

Results from summer 2020
Current Results



Errors
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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 0.40 0.12 31%
0.40 0.18 0.28 156%

-6.13 0.36 0.24 67%
-9.71 1.06 0.21 20%
0.50 3.26 0.69 21%

-9.94 1.12 0.17 15%
-9.35 1.11 0.60 54%

Dilution/purity correction

Acorr [ppb]
dAcorr stat 

[ppb]
dAcorr syst

[ppb]
-5494 330

343 156 276
-5295 290
-8172 881

419 2748 686
-8379 929
-7884 923 583

dAcorrstat = ((1+ fi,r) × dAmeas)2 + ((Ameas − Ai ) × dfi,r)2 + ( fi,r × dAi )2

dAcorrsyst = (0.05 x Ameas)2 + (0.05 x Ai)2 + (fi,r x dAi)2

dAnstat = An x (dAcorr/Acorr)2 + (dPb/Pb)2

dAnsyst = (0.02 x Acorr)2 + (dAcorrsyst)2 + (dAbeamsyst)2

non-linearity
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An

An [ppm]
dAn stat 
[ppm]

dAn syst
[ppm] syst/stat

-5.93 0.38 0.12 33%
0.43 0.15 0.28 186%

-5.76 0.34 0.24 71%
-9.34 1.04 0.23 22%
1.42 1.93 0.94 49%

-9.66 1.10 0.17 16%
-9.07 1.01 0.63 63%

New results compared to summer

An

An [ppm]
dAn stat 
[ppm]

dAn syst
[ppm] syst/stat

-6.35 0.40 0.12 31%
0.40 0.18 0.28 156%

-6.13 0.36 0.24 67%
-9.71 1.06 0.21 20%
0.50 3.26 0.69 21%

-9.94 1.12 0.17 15%
-9.35 1.11 0.60 54%

PREX-2
Carbon-12
Pb208
Ca40

CREX

Carbon-12
Pb208
Ca40
Ca48

Results from summer 2020Current Results

• You can find the new results in the google spreadsheet. 

https://docs.google.com/spreadsheets/d/1ZI68PgAn_zySKozZ__kHBvxlBmaTMKw9jPSl-EIa91k/edit?pli=1


Q2 Uncert RMS Q2 Uncert RMS Q2
Uncert 
(RMSs) Q uncert

0.0065 0.0015 0.0066 0.0015 0.0066 0.0010 0.081 0.006
0.0062 0.0013 0.0062 0.0013 0.0062 0.0009 0.079 0.006
0.0062 0.0013 0.0063 0.0013 0.0062 0.0009 0.079 0.006
0.0067 0.0014 0.0066 0.0014 0.0066 0.0010 0.081 0.006

Q2 Uncert RMS Q2 Uncert RMS

0.0320 0.0055 0.0332 0.0072 0.0326 0.0045 0.181 0.013
0.0312 0.0050 0.0319 0.0064 0.0315 0.0040 0.178 0.011
0.0300 0.0042 0.0303 0.0054 0.0301 0.0034 0.174 0.010
0.0297 0.0041 0.0300 0.0053 0.0299 0.0034 0.173 0.010

Left Arm Right Arm Average

Q2 Uncert RMS Q2 Uncert RMS Q2
Uncert 
(RMSs) Q uncert

0.0068 0.000004 0.0014 0.0067 0.000005 0.0014 0.00673 0.0010 0.082 0.006
0.0065 0.000005 0.0013 0.0064 0.000006 0.0013 0.00642 0.0009 0.080 0.006
0.0065 0.000004 0.0013 0.0064 0.000005 0.0013 0.00642 0.0009 0.080 0.006
0.0068 0.000005 0.0014 0.0067 0.000006 0.0013 0.00675 0.0010 0.082 0.006

Q2 Uncert RMS Q2 Uncert RMS
0.0328 0.00002 0.0057 0.0334 0.00002 0.0063 0.0331 0.0043 0.182 0.012
0.0319 0.00003 0.0052 0.0322 0.00003 0.0055 0.0320 0.0038 0.179 0.011
0.0306 0.00002 0.0044 0.0309 0.00002 0.0047 0.0308 0.0032 0.175 0.009
0.0304 0.00001 0.0043 0.0307 0.00002 0.0047 0.0306 0.0032 0.175 0.009

Experiment Target

PREX

Carbon-12
Pb 8
Pb 9 
Ca40

CREX 

Carbon-12
Pb
Ca40
Ca48

Q2  update
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Results from summer 2020

Current Results

Experiment Target

PREX

Carbon-12
Pb 8
Pb 9 
Ca40

CREX 

Carbon-12
Pb
Ca40
Ca48



• Fixed a couple issues with spreadsheet:
-- An calculation multiplied cos! instead of divided by (caused ~5% increase in An)
-- stat error propagation formula for dilution correction had incorrect term: (dAmeas – dAi)*dfi,r instead of (Ameas – Ai)*dfi,r

[15% increase for prex-2 Pb and 3.5% increase for crex Pb; no changes for Ca]

Summary

12

-- An stat error calc had mixed dither-corr A’s (means) with dilution-corr dA’s…

• Re-examined and changed dilution or rate ratios:
--new values obtained using simulation (for prex-2) and simulation combined with FF2/Q2 scaling (for crex)
--prex-2 Pb fC,r rate ratio factor went from 0.0765 to 0.0671; old values from average using calc from real data widths
--crex Pb fC,r rate ratio factor went from 0.890 to 0.605; old values from average using calc from real data widths

• Re-analyzed crex A_T dataset following the respin1:
--all asymmetry means and stat errors decreased…why?  We are getting ~10k more events per run passing cuts
--results between regression and dithering very consistent
--investigation finds pedestal change and ‘mislabeled?’ mapfile—causing shift in ok_cut throughput (and results)
--So far respin1 is good, but need to verify which ring setting is correct to use.  May need to quickly re-do anal

• Re-analyzed cos! due to optics calibration changes since summer: changes in cos! were double/triple checked
--summer analysis used s0-hole problem runs, new analysis does not; also the pointing angle was changed
--new distributions have ~asymmetry that was not there for summer analysis—caused by new database (db)
--can reproduce old cos! results with old dbJ; the ~asymmetry goes away using old db with new runs

• No changes in run selections.  Prex-2 analyses were not redone—only carbon/pb rate ratio changed  

• Other ‘small’ considerations still under investigation: impact of inelastics and vertical pol. transport losses in 12 GeV era 

• New analyses are ~complete.  If future respin or need new ring setting, then crex asymmetry results will slightly change


