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est Ancillary Physics Results from Qwea’k\

* Primary result reminder (just 1 slide)

* Final Results for 2’Al PV Elastic A, (Arex)
o Rnr Rn'Rpr ka/ kar ka'Rch
* Final Results for 1°C & %/Al PC BNSSA (brief)
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* Publications: |
Commissioning result: PRL 111, 141803 (2013) — Couping Constart g

9h: tan_l(Nd/Nu)

Qweak Primary Results:

0.243

‘ Evcak

* Qeax EXpt. msrd ep Apy = -226.5 £ 9.3 ppb @ Q? = 0.0248 GeV?
Determined Q,(p) = 0.0719 £ 0.0045 for the 15t time, < 0.2 ¢ from SM

sin2@,, = 0.2383 + 0.0011 (MS-bar) (0.46%)

0.239

o AVg(APV, E158, Qs = 0.23861 + 0.00077 (0.32%) g o

g 0235

Mass reach |A = 26.6 TeV|(g2=4n=compositeness, 95% CL) £ °=

0.229

 A=2.3TeV (uud, g’2=4noa=leptoquarks, 95% CL)

* N/g=7.5TeV (proton, ie uud, 95% CL) |
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The Elastic PVES *’Al Experiment (“Arex”)

arXiv:2112.15412 [nucl-ex]Submitted to PRL
* Target: Foundation: K. Bartlett PhD thesis, 2018 W&M

— 27Al Alloy (7075), 4.2% X, (3.7 mm thick)
— Located in z at DS end of 35 cm long Qweak LH2 target

* Beam:
— 1.16 GeV, 65 pA, P=88.8% + 0.6%

* Spectrometer:
— Q?=0.02357 + 0.0001 GeV?, <B,,,> = 7.61°, 5.8°< 0, < 11.6°
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https://arxiv.org/abs/2112.15412

Elastic PVES on ?’Al: Motivation

Aluminum A, msrd to correct for (~20%) tgt-window bkg in QF,

Al data now further analyzed to isolate the elastic ?’Al Ap, from
non-elastic & other contributions:
Apy — 0+(0) —o_(0)  GrQ'Qw Fw(Q?)

o+(0)+0-(0) 4draZv2 Fem(Q?)

— A>1 PVES: only 12C (Bates), *He (Happex), 2°3Pb (Prex) (soon *Ca too)

— Comparing theory to %’Al A, provides sanity check on Qa bkg
corrections

— Elastic 27Al A, also provides|F27A! R?V‘ell( & skin thicknesses

We expect n-skin ~0 in a light N~Z nucleus
— serves as test case for the EW technique used to get R, in PREX & Crex

— Important given tension noted in literature between Prex EW and
non-EW results as well as recent LIGO/Virgo & NICER results




EW vs non-EW Tension

e PVES (EW) 2%8Pb Prex: R,.,=0.283 + 0.071 fm (PRL 126, 172502 (2021))
* Non-EW 208pp results: R,.,=0.18 £ 0.027 fm (Tsang et al, PRC86, 015803 (2012))
— 2012 298pb world avg: Elastic pA on Ni&Pb isotopes, 26 pA decays,
EDP (electric dipole polarizability) & PDR

* EDP: electric dipole field excites the GDR, the collective motion of p's
against n's, and vibrations of the N=Z symmetric core against the n-skin

e Uncertainty floor of £ 0.05 fm (2* EDP error) was imposed!!!

e Error reduces considerably if post-2012 data included

e J. Piekarewicz, phys. Rev. C 104, 024329 (2021) Abstract (paraphrased):

— “Conclusions: The R?%_. extracted from PVES and the EDP are two
of the cleanest experimental tools used to constrain the symmetry
energy. However, the recent PVES value of R°%,. that suggests a
fairly stiff symmetry energy stands in stark contrast to the
conclusions derived from the EDP. At present, | offer no solution to

this dilemma.”




Analysis Challenges

* Target is not pure /Al
— Must correct for 8 other elements, total dilution 5.4%
* Spectrometer was designed for H,

— has a large momentum acceptance 150 MeV wide

— Accepts non-elastic processes which dilute msrd Apy,

0.40

— Have to also correct for . |
* Nuclear excited states i
* GOR =
* Inelastic (N = A) 015 -

0.10

e Quasielastic events

0.05 —

0.00
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r [MeV]



Excited State Asymmetries (W.u.-hoo!) £

GrQ*Qw
47ra\/§

* Nominally, Born approx.: Apy ~ ( v+ %Q{}) ~ 2.5 ppm.

— Sign of Apy depends on whether state is
isoscaler/collective (+) or isovector ( + or - )

— Shell model: 27Al (J©=5/2* g.s.) = 1d5/2 p-hole [ Eexivev] €] o] Ce2w.u}

) _ 1.014 0.41) 3/2+ 7.8] isoscalar
— WEISSkopf units (W.u.’s) (~ E2 transition strength): 2211 1.35] 7/2+ 15| isoscalar
» ~# of nucleons participating in transition 2.735)  0.19] 5/2+ 8.7| isoscalar
<15 singl e (i 2.990] 0.93] 3/2+ 0.6] s.p.
W.u. S 1 - single-particle (isovector) state aszo|l  0.06| 7/2+ 031 sp.
 W.u.>1 - isoscalar/collective state 4.812] 0.09] 5/2+ 1.7]  s.p.
. . . 5.430( 0.17| 9/2+ 0.64 s.p.
— > = ->
Wu > 1 (or excited moAT 0 (a,) transitions coes| 008 o/2s osel op
APV =+2.5 Ppm + 50% error 7.228 0.18] 9/2-] (alpha,alpha)] isoscalar
— Wu < 1 (which could be p or n s.p. states) = 7.477)  01) 7/2- (alphaalpha)] isoscalar
Apy =+2.5 ppm = 200% error References:
. oL M. Lickert, et al, “The Struct 27A0,
* to cover potential contributions to Ap, of the z.Phlyfs.irai, 209 (1‘;88r)uc ure of
opposite sign * M. Basunia, Nuclear Data Sheets 112, 1875
(2011)
— Results: | fauer: 3.83+0.23 %
Apuer: 2.58 = 1.40 ppm




PVES Elastic 27Al Asymmetry Result \

DWBA Curves: C.J. Horowitz, PRC 89, 045503 (2014)

PhD thesis: Kurtis Bartlett W&M 2018 APV = 216 t 019 ppm
5 [+ 0.11 (stat) + 0.16 (syst)]
] " ABorn 0.‘
4 ] Apw(spherical p) Q%2 =0.02357 + 0.00010 GeV?
Apw(non—spherical p) » <0,,,>=7.61°£0.02°
- 3 ] ¥ Qweak *’Al Apy <Ep>=1.157 GeV
(@} i
o
E 2 - Dominant Systematics (AA/A (%)):
< ] ° fQE 5.0%
11 © Ay 2.4%
74 7.6 7.8 * Ana 3.6%
O+————T——7T 771 e A 2.6%
4 6 8 10 12 14 .« Aoy 2.1%
6Lab (deg)
Total systematics: 7.6%
J‘Clmsr - ‘4raw+‘48(.’.1\;1+441'c~g+‘488 +AL +*4T +Abias Statistics: 5.1%
Jﬁlmsr P — g ‘iA-a' 0 c
Apyv = Riot 1/ ZZ;:] , Agreement of predictions
o with our A, result is good!
g



Ry (fm)

PVES Elastic 27Al Observables '\

reak

Apy =2.16 £ 0.19 ppm

39 E V FsuGarmet NL3 @® TAMUC-FSUa
B FSUGold RMF(023) TAMUC-FSU b
1 « FsuGold2 @ RMF(028) TAMUC-FSU ¢ R =2.80+0.12 fm
3.1 E IUFSU RMF(032) 4 OQuea n ) -
3.0 - Ry - Ry =-0.04 £0.12 fm
29 Using
E . ‘ N . 3 ‘ 1/2
28 - | Ry = (R - 09 - F U2 - o — 12)
. : — 2.925 + 0.007 fm,
2.7 I I I I I I I I I I I I I I I I I I I I I I I I With
1.9 2.0 2.1 2.2 2.3 2.4
Apy (ppm) R, = 3.035 + 0.002 fm,
pv (PP r,=0.8751+0.0061 fm,
Apv 25 — _ 2
R, = (—0.6007%0.0002) =Y 4+ (4.1817+0.0011) fm <rp™>=-0.1161+0.0022 fm?,
ppm | & <r 2> =-0.017 fm?
Correlation coef 0.997
Many-models correlation plot from Test case using
C. Horowitz, F. Fattoyev & Z. Lin
Y EW method to get
RMF models tuned to reproduce binding energies, 27 |
charge radii, GDR strengths, etc. in different nuclei Rn on AI SIEENISEY




PVES Elastic 27Al Weak Form Factor
04 (0) —o_(0) _ GrQ2QuwTw(QPD

APV = G 0 T o-0) " Amazv2 Fon(@)

Measure elastic /Al Ay, =2.16 £ 0.19 ppm

Calculate Q(%’Al) =-12.92 £ 0.014
— using fully radiated formula in PDG EW Review

Calculate F,(Q?=0.02357 GeVv?) = 0.384 + 0.012

— Following K. Mesick (nee Meyers) thesis:
* used method described by stovall, Vinciguerra, & Bernheim, NPA 91, 513 (1967)

* checked to 3% using xsec/FF data from Li, Yearian & Sick, PRC 9, 1861 (1974)

Plug in to Born (tree-level) expression to get
Fw(?7Al, Q2=0.02357 GeVv?) = 0.393 + 0.038

10



Born (tree-level) for weak Obsrvbles"-

* DWBA accurately predicts our msrd A,y

* We have a 9.1% result for our 2’Al Apy,
— radiative effects typically ~1%
— Note: our determination of Q,,(*’Al) = -12.92 + 0.01 fully radiated

e 7=13 means less Coulomb distortion (o< Z)
— relative to 2°8Pb (Z=82)

* Followed Koshchii et al, PRC 102, 022501 (2020), “Weak charge & weak radius of 12C”:
TABLE III. Derived *” Al Observables

Observable Value Uncertainty Units
R, 2.89 0.12 fm
Rn — RE’ -0.04 0.].2 fm

— [ (Q% = 0.0236 GeV?) 0.393  0.038

A =ZApy/[(AgQw) —1 0.025  0.094

b | Ryyskin = —3A/(Q*Ren) -0.04 0.15 fm

—> | Ruk = Ryskin + R~ 3.00 0.15 fm
X = (Rwk — Ren)/Ren -1.3 5.0 %

11



Beam qumal Single Spin Asymmetries

e B,=0in OPE

* B,20 = TPE (Im(TPE))

* TPE is leading explanation
for proton FF puzzle
(LTvs PTG /GE)

* Test predictions of Im(TPE)
by comparing to B,

Beam polarization orientation:
* Longitudinal = PV asymmetries A, =2 Qa

* Transverse (Vertical or Horizontal)
—> PC asymmetries B,, or BNSSA

T
— 27AI H Fit
8| & *AlHDatal

Asymmetry (ppm)

:

0 1 2 3 4 5 6 7 8
Detector Number

B,, manifests itself as the amplitude
of an azimuthal variation of the
asymmetry when beam is polarized
transverse to its incident p

12




Effect of Coulomb Distortions on the Optical Model \Q

Calculations of Gorchtein et al. VAV IR weak
0 - 0» ...........................
_5 _ - Without Coulomb distortions -5}

E With Coulomb
| distortions

—m— BGj
-25 . QOZr
_30 ‘‘‘‘‘‘‘‘‘ L, ) 4
0.01 02 0.03 0.04 0.05 0.06
~t (GeV?)
D
[ ;'
/PRExzospb

[

0 1 - I

] —— Theory '

=5 E 27A| $  Qweak 27Al :

—10 -E I Mainz 28S;j
g 151
=

~ 90 -

© - 1 | PRC104, 014606 (2021)

~304 Without Coulomb distortions

B
0.10 0.15 0.20
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Scallng_ B kQ A/z All B, data Q-scaled to 0.157 GeV vs A

H

0 : S -

Scaling: PRL 109, 192501 (2012)

* Red: Qweak data on 1H, 12C,
27Al (Q=0.157 GeV)

* Symbols:
— Solid: 68 2 10°
— Open: 6 = 10°

Q-scaled Asymmetry (ppm)

_25 E LI | ! ! LI | ! ! LA L |
* Blue curve is kA/Z, with k = 10° 10* 102
-30 ppm/GeV (and Q=0.157 GeV) A

e PREX 298Pbh datum an outller\- """""""""""""""""""" )
with other data, scaling, &
theory- not understood
why: -

— Coulomb distortions? No. o ~10f

See Koshchii et al., PRC103, = :
064316 (2021) 15}

— “nuclear” region of the - —==°C ]
photoabsorption x-sec? -20} Eb 1.063 GeV (@) 1

001 002 003 004 005 006 007 008
-t (GeV?) y

With Coulomb 4 1
distortions He

E,=2.750 GeV




Androic, et al., PRC 104, 014606 (2021)

Scaling: B,=kQA/Z *: e = 57
) X & P
KQ=2/AB TS e B
B n & 54 w7 R B 5 s £
* Q>0.35GeV ' data < Bidy oo ﬁ; g ¥ 5,
require a quadratic term | % ~'97 ol 2
. o . m/Ge §2172AI
e Mainz © = 10° data have | ~ —151 N e 3 Eslc
twice the slope of other oo CST N ¥o E % ¢
, ; T T T T T
data with 6 < 10 00 0.1 0.2 0.3 04 05 06 0.7 0.8
Q (GeV)
k=2/(AQ)B 3 ol— f»"""‘“ﬁ—%
- ( Q) n UE , I i\k ’’’’ o
* Allthe far-forward angle | § 51 2 ¢ }{ ,,,,, ¥ T
(9 <10o) data from 1H tO S T —— '§"I’ k=-31.8 ppm U<<I&C§08
57 : ST e ? £ 20%Pb
Al can be described by | 5 -40 == i Oz
the same slopeouttoQ | < | ; . T s
~0.35 GeV. 60 5 ﬁizifc
J He
* PREX?%Pb datumstillan | «§ _g, '"'|""|""|""|""|"'i'?"$'|¥"lk'l
outlier 00 01 02 03 04 05 06 07 08

Q (GeV)



Summary

* Elastic PVES Apyon ?7Al: ariv:2112.15412 [nucl-ex], submitted to PRL
— First msr of 27Al Apy

— DWABA predictions accurately predict msrd A,
— n-skin ~ 0 as expected for N~Z 27Al

— Successful benchmark of EW method used to get R,
* Despite tension noted in EW R,, of 2°8Pb

e Elastic BNSSA on 12C & 27Al: phys. Rev. C 104, 014606 (2021)
— First B, on ?7Al
— Qweak (H, 12C, & ?’Al) & all other 8 < 10° data consistent with Gorchtein
TPE calculations:
« Except 208Pb
« Agreement with Mainz 6 > 10° 12C & 28Si results fails with Coulomb corrections
— Empirically: Q-dependence of all 'H B, Z/A data, & all the 6 < 10°, A > 1 data
can be described by the same slope out to Q = 0.35 GeV

« Q>0.35 GeV data have a higher-order Q-dependence

* Larger-angle (0 > 10°) data from Mainz 1°C & 28Si consistent with a slope ~2*
steeper

« 208Ph an outlier
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https://arxiv.org/abs/2112.15412

101 collaborators 27 grad students

| 10 post docs 23 institutions ¢
a I I O | | Institutions: - @
[ ] 1 University of Zagreb "Nweak
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. 3 A. L. Alikhanyan National Science Laboratory
The Qweak COIlaborat’on 4 Massachusetts Institute of Technology
5 Thomas Jefferson National Accelerator Facility
6 Ohio University
7 Christopher Newport University
8 University of Manitoba,
9 University of Virginia
10 TRIUMF
1" Hampton University
12 Mississippi State University
13 Virginia Polytechnic Institute & State Univ
14 Southern University at New Orleans
15 Idaho State University
16 Louisiana Tech University
17 University of Connecticut
18 University of Northern British Columbia
19 University of Winnipeg
20 George Washington University
21 University of New Hampshire
22 Hendrix College, Conway
2 University of Adelaide
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JeffersonLab Q P
® Thomas Jefferson National Accelerator Facility a p e r S
weak

uclear 'hysics " ews
International

Commissioning result: PRL 111, 141803 (2013)
Apparatus: NIM A781, 105 (2015)

Final QL result & SM test: Nature 557, 207 (2018)

Qﬁ, cookbook & perspectives: ARNS 69, 191 (2019)
Layman’s description: NPN 29, 15 (2019)

3-pass A, in resonance region: PRC 101, 055503 (2020)
'H BNSSA: PRL 125, 112502 (2020):

12C & 27 Al BNSSA: PRC 104, 014606 (2021) Past

27Al Longitudinal (A37A, Q2741 8R27Al) submitted to PRL Future

N = A BNSSA @ 1160 MeV (Nurruzaman) & 877 MeV (Anna Lee)
— This & next 2 need elastic radiative tail simulations (new: Devi Adhikari)

N = Alnel Ay, (d,) @ 877 MeV (Anna Lee) & 1160 (Leacock, Thamraa, Hend)
Moller scattering BNSSA
27 students/theses, several instrumentation papers
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PVES Elastic 27Al Corrections &
Systematic Error Contributions

Quantity Value AApy /Apy (%)
- 1.436 £+ 0.014 ppm 1.0
P: 0.8880 + 0.0055 0.7
Riot: 0.9855 + 0.0087 0.9
fqE: 21.2+29 % 5.0
Aqg: —0.34 £ 0.17 ppm 2.4
fnucl: 3.83+0.23 % 0.1
Anuel: 2.58 +£1.40 ppm 3.6
Jfinel 0.665 £ 0.099 % 0.2
Ainel: —0.58 + 5.83 ppm 2.6
fa,lloy: 5414+ 0.34 % 0.1
Aauoy: 1.90 £+ 0.58 Pp1 2.1
fpions: 0.06 £+ 0.06 % 0.1
Apions: 0+ 20 ppm 0.8
freutral: 0+0.45 % 0.1
AL cutral’ 1.7+ 0.2 ppm 0.0
fbea,mline: 0.69 + 0.06 % 0.1
fapr: 0.045 4+ 0.023 % 0.1
AGDR: —2.22+1.11 ppm 0.0
Total Systematic 7.6

l ' E veak
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Astrophysical Tension

Reed, Fattoyev, Horowitz, Piekarewicz, PRL

126, 172503:

Blue box is overlap of 1st NICER & Prex.

— 2" NICER result has less overlap, as indicated by
lower purple horizontal datum

Original LIGO tidal deformability A4 <800
is consistent (PRL 119, 161101 (2017))

New GW170817 tidal deformability result is
“more challenging”:

Ay = 190+120 < 580 (red line, grey box)

Abbott, et al, (Virgo & LIGO) PRL 121, 161101 (2018)

— Favors models with smaller 208Pb skin, more
compatible with non-EW results than Prex

However, given the existing uncertainties,
there are no gross discrepancies between any
of these results

1200

1000

14
Ax

800

600 —

400

200

4 ‘ e veak
Ry (km)

12.5 13 13.5 14 14.5

| | | | |

Allowed ’
Qo.\

) ) . . -
R kin' Im)

Revised tidal def. limit

PRL121, 161101 (2018)
Ap g = 19073 < 580
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27A] QE & Inel dilution Corrections % .

— QE & Inel f; : dilutions from simulations using a generator based on

phenomonological fits from Bosted/Mamyan, later scaled to Christy’s fits

PRC 104, 014606 (2021
* HUGE improvement over Bosted/Mamyan at (our) low Q2! 202)

Cross Section ¥Al, E=1.16 GeV, 6=8° Cross Section #’Al, E=1.16 GeV, 6=8°
c 2 c 197
o Bosted-Mamyan model k=) - | Christy model
g inelastic ° inelastic
w ——— meson exchange currents 3 S R inelastic + MEC

|| ——— quasi-elastic - | —— quasi-elastic
g 10— 3 10—
o o L

(]

| “MEC” strength
s | is bogusin B-M
model at low Q2

5 | Christy model

" 1

1.2 Qe 0:5 - 1
E' (GeV) E' (GeV)
— QE A from RFG model: Horowitz & Piekarewicz, PRC 47, 2924 (1993)

— Inel A, scaled from brief msrmnt at low spect. B: A™ = f°AD + fi2 AL

e
056 0.8

.
1

inel<*inel
— Results: [ A (ppm) / \)< \
msrd simulation Q2-scaled
QE 21.2+29 -0.34+£0.17 o to full field
Inel (N> A) 0.665+0.99 -0.58 +5.83 Q-scale

from full field
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weak Ancillary Results

From systematic studies made to support our primary ep Apy result

* PV ep A, above the resonance region

e 3-pass data, J. Dowd thesis, prc 101, 055503 (2020)

Elastic 1H BNSSA

* B. Waidyawansa thesis, prL 125, 112502 (2020) QE bkg B,

Inel. QE e Elastic 12C & 27A| BNSSA PRC 104, 014606 (2021)
discrete  M.J. McHugh & K. Bartlett theses Inel bkg B
state, & i "

Aoy * Inelastic ep—>e’A BNSSA

bkg * Nuruzzaman thesis
dilutions

* Elastic AZ7Al Qz7Al § 27Al submitted to PRL

— K. Bartlett thesis

* |Inelastic ep>e’A Apy

 A.Lee, H. Nuhait, T. AlShayeb theses -



Asymmetry (ppm)

PV ?’Al Raw Data Quality

(g-2 flip)

! e\'ca k

3 g WienA,  WienB Wien C Beam Helicity slow reversals:
] * Insertable half-wave plate in the
291§ 1 i polarized source every ~“8h
13 7 i - ; * Reversals of the double Wien spin filter
0 5 E T our, | in injector every “month
: 3 Nk * 1 pass > 2 pass - 1 pass: g-2 flip
] ; I I § OUTq
o 1 & o | S R
L iE : | ? !t
2 I i Average Asymmetry(ppm) x°/d.o.f. x* Prob.
-3 1 AN NEG -1.407 £ 0.093 1.26 0.225
o 5 10 15 20 25 30 ppg 1480 +0099  1.62  0.073
Data Subset NULL 0.036 £+ 0.068 — —
Araw 1.441 4+ 0.068 1.39 0.082

* Asymmetry well-behaved under 3 kinds of slow helicity reversal
e Corrections for HC beam properties small: 0.4 £ 1.4 ppb
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Beam Normal Single Spin Asymmetry in A Resonance

Q-weak has measured Beam
Normal Single Spin Asymmetry

(B,) in the N-to-A transition on H,
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B,=43 £ 16 ppm
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® Unique tool to study y*AA form factors
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PV ep A,.., above the resonance region ,\

* Helps validate modeling of the yZ interference structure functions FlyZ & FZVZ,
used for determination of the two-boson exchange yZ box diagram
contribution to PV elastic scattering measurements

* A positive PV asymmetry for inclusive n— production was observed,
as well as a positive BNSSA for scattered electrons,
and a negative BNSSA for inclusive - production

O—— AL L L L S S
. , - Aines =-13.5+ 4.4 ppm |-
Kinematics: - -
®*<E>=335GeV <W> =223GeV I S _
® <Q?> =0.082 GeV? N S
® <P,ieqd>=0.870 £ 0.006, but mixed & |[~=>" ST LTI

94% (long) & 34% (hor)

Special Corrections:

— Prediction

== AJM Model Uncertainty

= = « GHRM Model Uncertainty
weak Inelastic Result

® e/mr/uly/n fraction
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BNSSA Backup Slides




BNSSA f(lab) E(lab) Q@ B, AB, Fitting
Expt A (deg) (GeV) (GeV) (ppm) (ppm) Group Ref

A4 'H 339 03151 0.179 -2.220 0.587 1,1a [27]
Database A4 'H 341 05102 0.286 -9.320 0.884 1,la [27]
A4 'H 341 0.8552 0.467 -7.460 1973 1  [29]
A4 'H 343 0.4202 0.239 -6.880 0.676 1,11a [27]
A4 'H 341 15084 0.783 -0.060 3.459 1  [27]
A4 'H 350 0.5693 0.326 -8.590 1.164 1,1a [2]
A4 'H 353 0.8552 0.480 -8.520 2.468 1  [24]
Go 'H 7.5 3.0310 0.387 -4.060 1.173 1  [27]
G0 'H 9.6 3.0310 0.500 -4.820 2.111 1 [27]
Qweak 'H 7.9 1.1490 0.157 -5.194 0.106 |,la [27]
[33]
[33]
[34]
[34]
[34]
[34]
[34]
[33]

HAPPEX H 6.0 3.0260 0.310 -6.800 1.540 1,l1a
HAPPEX “He 6.0 2.7500 0.280 -13.970 1.450 1,1a
Al C 151 05700 0.152 -15.984 1.252 2
Al “C 17.7 0.5700 0.173 -20.672 1.106 2
Al “C 206 0.5700 0.202 -21.933 2.219 2
Al 'C 235 05700 0.197 -23.877 1.225 2
Al "C 259 05700 0.221 -28.296 1.480 2
PREX '“C 5.0 1.0630 0.099 -6.490 0.380 1.,1a
we ' .2 1. Jdob -10. . L la
Qweak e 7.9 1.1580 0.159 -10.680 1.065 1

Qweak )'?TAI 7.9 1.1580 0.154 -12.160 0.849 [, 1a -

Al ZE_;Si 19.4 0.5700 0.190 -21.807 1.480 2 [ ]

Al ZESi 23.5 0.5700 0.195 -23.302 1.470 2 [35]

Al "Zr 207 05700 0.205 -16.787 5.688 2 [35]

2 [35)

[33]

A1 "Zr 235 0.5700 0.205 -17.033 3.848
PREX *Pb 5.0 10630 0.094 0280 0250 -




12C & 27Al BNSSA Corrections

Quantity Value Value AB,[B, (%) AB, B, (%)
12~ 27 4 12, 27 a1
P: Beam Polarization 0.8852 + 0.0068 0.8872 + 0.0070 0.9 1.0
R,..: Kinematics & Radiative effects 1.0054 + 0.0046 1.0054 + 0.0046 0.5 0.5
R,..: Acceptance averaging 0.9862 + 0.0036 0.9862 £ 0.0036 0.4 0.4
R;: Electronic non-linearity 1.0014 + 0.0050 1.0014 + 0.0050 0.6 0.6
Bg,: Fitting 0+ 0.042 ppm 0+ 0.050 ppm 0.6 0.6
B,..: Linear Regression 0+ 0.002 ppm 0+ 0.020 ppm < 0.1 0.3
By,..: Rescattering Bias 0.125 £ 0.041 ppm 0.125 + 0.041 ppm 0.6 0.6
freutral: 0.69 +0.45 % 0.69 + 0.45 % 0.8 0.7
B, utral: 0+ 10 ppm 0+ 10 ppm 0.6 0.8
falloy: — 541+ 0.34 % — <0.1
Biioy: — -10.7 + 2.0 ppm — 1.3
faqE: 15.9+22 % 21.2+29% 1.5 2.4
Bgg: -5.2+ 1.0 ppm -5.24 1.0 ppm 2.0 2.6
finel: 0.40 + 0.06 % 0.66 + 0.10 % 0.4 0.7
B . 43 + 16 ppm 43 + 16 ppm 0.8 1.3
j — 4.71+0.31 % 3.88+0.23 % < 0.1 < 0.1
B, .q -10.5 £ 10.5 ppm —-12 4+ 5.5 ppm 3.9 2.6
Total Systematic 5.3 % 52 %
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BNSSA Empirical Fits

TABLE VII. Fit results.

Linear (B,,) Quadratic (3)
Group (ppm/GeV) (ppm/GeV?) # data x~/dof

1 -41.1+ 1.1  56.0 £ 4.8 15 4.4
la -31.8%0.,5 - 10 6.4
2 -28.3+14 - 9 2.0
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1H BNSSA eri 125, 112502 (2020)

(e}

—VIFit
---V2Fit
-- HFit

® V1 Data
& V2 Data
® H Data

B (;T— ai 2 Im(M.,

Aexp((b) ~ B'TLP ‘N

—p
Shifted £7°
for clarity

no= (k x l?)/(\k x k|
HI Rav Shl(,@hf i + Qoff )
5]
., » A
=|Araw — Z ((()\
> i iBi
Bra [{lul : 1 — %:;: Ll Bbi LS

Detector # (every 45°)

R Most precise B,
| ever msrd!

B, (ppm)

e Qweak
— = Pasquini

-7 E- Afanasev
— Gorchtein

Pasquini & Vanderhagen: model intermediate
hadronic state (VVCS) with electro-absorption
amplitudes. Limited to 1N states only (bad),
but should apply at all angles (good).

Afanasev & Merenkov, and Gorchtein : use the
optical theorem to relate the VVCS amplitude to
the total photo-absorption a. Includes all
intermediate states (good), but only strictly
valid in the forward-angle limit (bad).




Global *H BNSSA Data er: 125, 112502 (2020) '\,\4 |

5
i Model: =& Gorchtein
I -0 -Afanasev  =[3 Pasquini
0
=
B : R
Q 54+ gl Tr=ea
o 4 2 4] == --._. _
c
[an) i
-10 +
Experiment:
. OPVA4 34°
-15 4+ e Qweak 7.9°
| AG07.4°&9.7°
¢ HAPPEX 6°
_20 1 : 1 : 1 :
0 1 2 3

E.., (GeV)

Predictions (open squares) at different kinematics from each group are connected
by solid (Gorchtein), dashed (Pasquini & Vanderhagen) & dash-dot (Afanasev &
Merenkov) lines to guide the eye.

Agreement of predictions with the far-forward angle (6<10°) data (solid symbols)
is better than for the 6>10° data (open symbols).
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Asymmetry (ppm)

12C & 27AI BNSSA Data )

Asymmetry (ppm)

27Al Horizontal IHWP Uncorrected YRR |
8H & >AlHData| B o
§ IHWP OUT + : : ‘
o IHWP IN
1 NULL — I
/ g 27Nl H
1 =2
\ & \
4
(D]
e
IS -4t Lot i | Amp = -8.4856 + 0.4991
> . : "'|"Phase = 3.0187 + 3.3702
75} . | Offset = -0.1057 + 03530
<C Chisg/dof = 1.17
-8l ) S
5 6 7 8 1T % 3 4 5 6 7 =8
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. Final B, Results after all corrections are ~ 10%
— |

| ® ®“CHData| T

& YAIV12Data

E7 AN

Amp = -9.2948 + 0.4644 ppm
|'Phase = '3.8615 + 2.8610deg | "
. | Offset = 0. 4040 = (0. 3283 ppm
.| Chisg/dof = 0.83 :

Asymmetry (ppm)
o

I S S O A R P U OO OO S OO O
120 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Detector Number Detector Number
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