aps CHCRUS

physics

This is the accepted manuscript made available via CHORUS. The article has been
published as:

New Measurements of the Beam-Normal Single Spin
Asymmetry in Elastic Electron Scattering over a Range of
Spin-0 Nuclei
D. Adhikari et al. (PREX and CREX Collaborations)

Phys. Rev. Lett. 128, 142501 — Published 8 April 2022
DOI: 10.1103/PhysRevlLett.128.142501


https://dx.doi.org/10.1103/PhysRevLett.128.142501

New Measurements of the Beam-Normal Single Spin Asymmetry in Elastic Electron
Scattering Over a Range of Spin-0 Nuclei
(The PREX and CREX Collaborations)

D. Adhikari,! H. Albataineh,? D. Androic,> K. Aniol, D.S. Armstrong,® T. Averett,> C. Ayerbe Gayoso,’
S. Barcus,® V. Bellini,” R.S. Beminiwattha,® J.F. Benesch,® H. Bhatt,” D. Bhatta Pathak,® D. Bhetuwal,’

B. Blaikie,'® J. Boyd,'' Q. Campagna,® A. Camsonne,® G.D. Cates,'' Y. Chen,® C. Clarke,'? J.C. Cornejo,'?
S. Covrig Dusa,® M. M. Dalton,® P. Datta,'* A. Deshpande,'? 1516 D. Dutta,? C. Feldman,'>!'” E. Fuchey,'*
C. Gal,'211L,15,9, % D Gaskell,® T. Gautam,'® M. Gericke,'® C. Ghosh,'® 12 1. Halilovic,'® J.-O. Hansen,?

F. Hauenstein,?® W. Henry,?! C.J. Horowitz,?? C. Jantzi,!! S. Jian,!! S. Johnston,'® D.C. Jones,?' B. Karki,??
S. Kakkar,'9 S. Katugampola,!! C.E. Keppel,® P.M. King,?? D.E. King,2* M. Knauss,?® K.S. Kumar,'® T. Kutz,'?
N. Lashley-Colthirst,'® G. Leverick,'® H. Liu,!? N. Liyange,'' S. Malace,® J. Mammei,'® R. Mammei,?%

M. McCaughan,® D. McNulty,! D. Meekins,® C. Metts,® R. Michaels,® M. Mihovilovic,2”-2® M.M. Mondal,'?
J. Napolitano,?! D. Nikolaev,2! M.N.H. Rashad,2’ V. Owen,? C. Palatchi,'’»!® J. Pan,'° B. Pandey,'® S. Park,'2*
K.D. Paschke,'* M. Petrusky,'?2? M.L. Pitt,>* S. Premathilake,"’ A.J.R. Puckett,'* B. Quinn,'® R. Radloff,?3
S. Rahman,'® A. Rathnayake,'! B.T. Reed,?? P.E. Reimer,?' R. Richards,'? S. Riordan,?! Y. Roblin,® S. Seeds,'*
A. Shahinyan,3? P.A. Souder,?* L. Tang,% 18 M. Thiel,>® Y. Tian,?* G.M. Urciuoli,?* E.W. Wertz,?

B. Wojtsekhowski,® W. Xiong,?* B. Yale,” T. Ye,'2 A. Zec,"! W. Zhang,'? J. Zhang,'? 1535 and X. Zheng'!

'Idaho State University, Pocatello, Idaho 83209, USA
2Texas A & M University - Kingsville, Kingsville, Texas 78363, USA
3 University of Zagreb, Faculty of Science, Zagreb, HR 10002, Croatia
4 California State University, Los Angeles, Los Angeles, California 90032, USA
S William & Mary, Williamsburg, Virginia 23185, USA
5 Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606, USA
7 Istituto Nazionale di Fisica Nucleare, Sezione di Catania, 95123 Catania, Italy
8 Louisiana Tech University, Ruston, Louisiana 71272, USA
9 Mississippi State University, Mississippi State, MS 39762, USA
10 Ungversity of Manitoba, Winnipeg, Manitoba R3T2N2 Canada
1 Undversity of Virginia, Charlottesville, Virginia 22904, USA
128tony Brook, State University of New York, Stony Brook, New York 11794, USA
13 Carnegie Mellon University, Pittsburgh, Pennsylvania 15213, USA
M University of Connecticut, Storrs, Connecticut 06269, USA
15 Center for Frontiers in Nuclear Science, Stony Brook, New York 11794, USA
16 Brookhaven National Laboratory, Upton, New York 11973, USA
17 Institute for Advanced Computational Science, Stony Brook, New York 11794, USA
8 Hampton University, Hampton, Virginia 23668, USA
19 Ungversity of Massachusetts Amherst, Amherst, Massachusetts 01003, USA
290ld Dominion University, Norfolk, Virginia 23529, USA
2 Temple University, Philadelphia, Pennsylvania 19122, USA
2 Indiana University, Bloomington, Indiana 47405, USA
23 Ohio University, Athens, Ohio 45701, USA
24 Syracuse University, Syracuse, New York 13244, USA
25 Duquesne University, 600 Forbes Avenue, Pittsburgh, Pennsylvania 15282, USA
26 University of Winnipeg, Winnipeg, Manitoba R3B2E9 Canada
2T Jozef Stefan Institute, Ljubljana, Slovenia
28 Faculty of Mathematics and Physics, University of Ljubljana, Ljubljana, Slovenia
2 University of Colorado Boulder, Boulder, CO 80309, USA
30 Virginia Tech, Blacksburg, Virginia 24061, USA
31 Physics Division, Argonne National Laboratory, Lemont, Illinois 60439, USA
32A. I Alikhanyan National Science Laboratory (Yerevan Physics Institute), Yerevan 0036, Armenia
33 Institut fiir Kernphysik, Johannes Gutenberg-Universitit, Mainz 55099, Germany
34INFN - Sezione di Roma, 1-00185, Rome, Italy
35 Shandong University, Qingdao, Shandong 266237, China
(Dated: February 4, 2022)

We report precision determinations of the beam normal single spin asymmetries (A,) in the elastic
scattering of 0.95 and 2.18 GeV electrons off 2C, %°Ca, *8Ca, and ?°®Pb at very forward angles
where the most detailed theoretical calculations have been performed. The first measurements of
A, for *°Ca and *8Ca are found to be similar to that of 2C, consistent with expectations thus



demonstrating the validity of theoretical calculations for nuclei with Z < 20. We also report A,
for 2°®Pb at two new momentum transfers (Q?) extending the previous measurement. Our new
data confirm the surprising result previously reported, with all three data points showing significant
disagreement with the results from the Z < 20 nuclei. These data confirm our basic understanding
of the underlying dynamics that govern A,, for nuclei containing < 50 nucleons, but point to the
need for further investigation to understand the unusual A,, behaviour discovered for scattering off

ZOSPb.

In the scattering of polarized electrons off nuclei, a
well-known relativistic effect arises when there is any sig-
nificant transverse polarization i.e. a polarization compo-
nent in the plane perpendicular to the incident electron
momentum. In the electron’s rest frame, the scatter-
ing amplitude then develops an azimuthal dependence
due to the interaction of the electron’s magnetic moment
with the moving target nucleus’s magnetic field, the lat-
ter being proportional to the electron’s orbital angular
momentum.

The experimental observable that quantifies the size of
the azimuthal modulation is the beam-normal single spin
asymmetry (BNSSA), previously also called the vector
analyzing power. This quantity is defined as the frac-
tional difference in the scattering cross section when the
electron polarization direction is reversed after being set
up to be 100% transverse. The BNSSA (A,,) depends on
the scattering angle (6) and beam energy (Fpeam). The
observed asymmetry is

A(¢) = An(0, Bveam) P cos(9), (1)

where ¢ is the angle between the incoming beam polariza-
tion vector and the normal vector to the scattering plane.
If P is the electron polarization and 7 is the unit vector
normal to the scattering plane given by (k x k) /(|kx k'|)
with k(k’) the momentum of the incoming (outgoing)
electron, then P, cos(¢) = P - f.

For ultra-relativistic electron scattering, the dynamics
of A, can involve internal structure of the target nu-
cleus. Since time-reversal invariance dictates that A,
should vanish at first order Born approximation, a non-
zero measurement of A, is a probe of higher order ef-
fects (such as the exchange of multiple virtual photons).
The dominant contribution is the interference between
the imaginary part of the two-photon exchange (TPE)
amplitude and the one-photon exchange amplitude [1].

In recent years, theoretical calculations of electron
scattering amplitudes have had to incorporate the ex-
change of one or more additional photons in order to
interpret precision data on elastic form factors [9]. Such
improvements are technically challenging but theoreti-
cally interesting since one must evaluate contributions
from the full range of off-shell intermediate states of the
target nucleus. Indeed, A,, measurements are an impor-
tant testing ground for theoretical calculations since the
TPE amplitude is the dominant contribution for this ob-
servable.

Experimental measurements of A,, have become feasi-
ble and have taken on additional significance because of
its importance in the interpretation of weak neutral cur-
rent (WNC) interaction measurements. Since the late
1970’s, the technique of ultra-relativistic, longitudinally
polarized electrons scattering off fixed targets has been
used to measure the WNC interaction between electrons
and target nuclei, or their constituents, mediated by the
Z° boson [10-12]. The observable is the parity-violating
asymmetry Apy, defined as the fractional difference in
the scattering cross section for incident right(left)-handed
electrons. Since Apy is predominantly sensitive to the
ratio of the WNC amplitude to the electromagnetic am-
plitude, its size ranges from 10~7 to 1074,

In Apy measurements, A, leads to a spurious asym-
metry when the electron beam polarization is not per-
fectly longitudinal. The size of the dominant contribu-
tion in terms of the fine-structure constant cem,, the elec-
tron mass m,. and incident electron beam energy F. is
Ap ~ aemme/E.. Under the conditions of typical Apy
experiments A,, ranges from 107¢ to 1074, often much
bigger than Apy. The program of Apy measurements
necessarily includes auxiliary A, measurements to en-
sure accurate corrections. A significant amount of A,
data over a range of nuclei have thus become available.

One approach to A,, calculations for electron-nucleon
scattering has been to employ the optical theorem to
relate the virtual photoabsorption cross section to the
doubly-virtual Compton scattering amplitude [2-5]. This
approach intrinsically includes all excited intermediate
states but is only valid in the forward limit. Another
approach takes into account intermediate states via a
parametrization of electroabsorption amplitudes [6, 7].
In this case, the excited hadronic states are limited to
the mIN states that have been experimentally measured,
but the calculation is valid at all angles. Finally, heavy
baryon chiral perturbation theory, though valid only at
low incident energy, has been used [8].

The measurements of A4,, on the proton [13-19] span
beam energies from 0.3 to 3 GeV and a large range of
lab scattering angles from far forward to backward. The
larger angle data generally do not agree well with cal-
culations, demonstrating the importance of including in-
termediate states beyond the mwN states. However, at
forward angles, the data are in better agreement with
calculations based on the optical theorem approach.

The HAPPEX and PREX collaborations expanded
the study of A,, to nuclei, with measurements on *He,



12C, and 298PDb at forward angle, 6°, and energies 1 -
3 GeV [20]. The Al collaboration reported results on
12C with a beam energy of 570 MeV and larger angles
(15°-26°) for a variety of Q% [21], and from 28Si and
907r with the same energy and similar angles [22]. The
Quweak collaboration reported results on 2C and 27Al at
an angle of 7.7° [23].

Two different approaches have been undertaken to ex-
tend A,, calculations beyond scattering off nucleons. The
first approach numerically solves the Dirac equation for
the electron moving in the Coulomb field of an infinitely
heavy nucleus in the distorted-wave approximation but
neglects excited intermediate states [24]. These calcu-
lations significantly under-predict the data. The second
approach extends the optical theorem calculations to nu-
clei [2, 25]. In Ref. [25] this is done by approximating the
photoabsorption cross section for nuclei as the photoab-
sorption cross section for a single nucleon, scaled by the
mass number A. The Q2 dependence is included using
the known charge form factor for each nucleus and a sin-
gle Compton slope parameter for all nuclei. These optical
model calculations approximately describe all the exist-
ing (forward) nuclear data within uncertainties [21-23],
with the exception of 298Pb.

The precision A, measurements reported by the
HAPPEX and PREX collaborations [20] were of particu-
lar interest since all the conditions for a robust compari-
son to theory were satisfied, namely, high incident beam
energy, very forward scattering angle, and clean separa-
tion of inelastically scattered electrons. These measure-
ments on 'H, “He, and '2C agree with theoretical predic-
tions, whereas the measurement on 2°®Pb showed a sub-
stantial disagreement (so-called “PREX puzzle”); indeed
A,, was consistent with zero within quoted uncertainties.

A popular speculation for the PREX puzzle has been
the inadequacy of theoretical calculations to simulta-
neously account for Coulomb distortions and disperson
corrections in a heavy nucleus. Recently, Koshchii et
al. have performed more sophisticated calculation of A,
for heavy nuclei using a hybrid of the two previous ap-
proaches [26]. The Dirac equation is solved numerically
and the contribution of inelastic intermediate states is in-
cluded in the form of an optical potential with an absorp-
tive component. In addition, the Compton slope param-
eter is made A-dependent based on experimental data.

In this Letter we report new measurements of nuclear
A,, with similar kinematic conditions to the previous
HAPPEX/PREX measurements, including the first mea-
surements from 4°Ca and *®Ca targets. The data were
obtained in auxiliary measurements during the PREX-
2 [27] and CREX [28] experiments, which ran consecu-
tively in 2019 and 2020, and used the same experimental
apparatus with 0.95 GeV and 2.18 GeV electron beam
energy respectively. The primary goal of these exper-
iments was to measure Apy for 2°®Pb and *3Ca using
a longitudinally polarized electron beam. Special data

taking with transversely polarized beam yielded BNSSA
measurements for the primary targets 2°Pb and #8Ca, as
well as 12C and 4°Ca. Experimental techniques, refined
for greater precision and cross-checked with larger data
sets in the Apy measurements, were more than sufficient
to provide the required precision and control of possible
systematic uncertainties for the BNSSA studies.

Longitudinally polarized electrons were produced in
the CEBAF injector using circularly polarized laser light
incident on a strained GaAs photocathode. The ex-
tracted electron helicity was rapidly flipped by reversing
the sign of the laser’s circular polarization with a Pock-
els [29] cell at a frequency of 120 or 240 Hz. The BNSSA
measurements required a special configuration in which
the polarization of the electron beam was rotated to ver-
tical using a Wien filter and solenoids [29]. A half-wave
/2 plate was used periodically to reverse the laser polar-
ization independently from the Pockels cell control. By
accumulating roughly equal statistics in the two slow-
reversal states many systematic effects were thereby sup-
pressed.

The isotopically enriched 2°8Pb, 4¥Ca, 4°Ca, and '2C
targets (thicknesses of 625, 990, 1000 and 458 mg/cm?,
respectively) were mounted in a copper frame cooled with
15K He gas. For thermal stability and efficient cooling,
the 2°8Pb was sandwiched between two 90 mg/cm? di-
amond foils and the beam was rastered over each tar-
get. Electrons elastically scattered from the target, with
symmetric acceptance on either side of the beam, were
focused onto the focal plane of the two Hall A High Res-
olution Spectrometers (left- and right- HRS) [30], where
they were intercepted by a pair of 16 x 3.5 x 0.5 cm?®
fused silica (quartz) detectors. The HRS momentum res-
olution ensured that nearly all accepted events were due
to elastic scattering.

A relative measure of the scattered flux was obtained
by collecting the quartz Cherenkov light in a photomu-
tiplier tube (PMT) whose output was integrated over
a fixed time period of constant helicity (“helicity win-
dows”) and digitized. The raw asymmetry A,y is the
fractional difference in the integrated detector response
normalized to the beam intensity for two opposite helic-
ity states. Window octets (for 240 Hz helicity flip) with
the pattern + — — + — + +— or its complement (choice
made by a pseudorandom number generator) were used
to suppress 60 Hz power line noise.

Noise contributions from fluctuations in the beam
characteristics in each helicity window tend to be sub-
stantial due to the very forward kinematics and steeply
falling nuclear form factor as a function of scattering
angle. The beam correction is defined as Apeam =
> ¢;iAX;, where AX; is the measured parameter differ-
ence and ¢; are the detector sensitivities to fluctuations in
beam energy, position and angle. The detector sensitiv-
ities are determined in two independent ways. The first
uses beam modulations in which the beam parameters
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FIG. 1. Measured asymmetries, corrected for beam fluctu-
ations and sign-corrected for slow helicity reversals, demon-
strating consistency over 4 configurations. Data from the left
(right) HRS is shown with filled (open) symbols, while circles
(squares) represent the half-wave \/2 plate in (out) configu-
ration.

(position, angle, and energy) are varied independently
over the phase-space of possible beam jitter. The system
was operated several times per hour using air-core steer-
ing coils and an accelerating cavity to modulate the en-
ergy. Beam monitors in Hall A provided measurements
of the beam parameters during these modulation peri-
ods as well as during normal running. The second uses
a linear regression of sensitivity slopes measured during
normal running, which were consistent with those deter-
mined with the modulation data.

The measured asymmetry Ameas = Araw — Abeam av-
erages for all targets are shown separately for each spec-
trometer in Fig. 1, after sign correcting for the half-wave
(\/2) plate reversals. The asymmetries are statistically
similar in magnitude but opposite in sign for scattering
to the left or the right, as expected. We therefore average
the asymmetry difference between the left- and right-arm
detectors (the double-difference asymmetry) for window
pairs in the final analysis.

We note that the dominant source of beam noise arose
from position fluctuations in the horizontal direction,
which change the acceptance of the spectrometers in op-
posite directions. Noise in the beam energy or current
largely cancels in the double-difference asymmetry. The
corrections, typically comparable in magnitude to the re-
spective statistical uncertainties in A,eas, were extracted
from the beam modulation data. Based on the under-
standing of the correction techniques developed in the
larger Apy data sets, a conservative estimate of 5% un-
certainty is assigned on individual corrections for each
beam parameter.

The corrected asymmetry, Acorr, takes into account the
contributions from each background process, i, and is

given by

Ameas - Zszz
1= f

where f; is the rate fraction of the process, and A;
is the asymmetry of that process. The fractional rate
(Rc/(Rpy, + Rc)) from the carbon in the diamond back-
ing of the 2%Pb target was estimated via simulation and
found to be 0.063 £ 0.006 at 0.95 GeV and 0.38 £ 0.06 at
2.18 GeV. The %°Ca contribution to the *®*Ca measure-
ment (at 2.18 GeV) was estimated to be Raoc,/(Rasca +
Riocy) = 0.0831 £ 0.0017. Other impurities in the **Ca
target were below 0.05% atomic percent and were ne-
glected.

Acorr - (2)

The kinematic distributions of the HRS acceptance
were obtained in dedicated low beam-current measure-
ments where individual particles were tracked using Ver-
tical Drift Chambers [30] located near the focal plane.
The average four-momentum transfer (Q?) was deter-
mined to an accuracy of < 1%. The (Q?) differences
between left and right arm were approximately 0.5% and
2.5% for the PREX-2 and CREX configurations respec-
tively. The average of the left and right Q2 values for
each target are shown in Table I. These data also yielded
a small {cos @) correction since the spectrometer accep-
tance is not confined to the horizontal plane; it varies
slightly depending on the scattered flux distribution of
each target. While the experimental setup and HRS
momentum resolution ensured that the acceptance from
inelastic scattering was negligible for 0.95 GeV data, a
more careful analysis was required for 2.18 GeV data,
where the largest accepted contamination (1.3%) came
for the 49Ca 3~ state. The BNSSA associated with the
inelastic events was assumed to be the same as for elastic
events [23] and was assigned 100% uncertainty.

Ebeam (GeV) Target (f1a1) (deg) (Q2) (GeV?) (cos ¢)

0.95 2 4.87 0.0066 0.967
0.95 O Ca 4.81 0.0065 0.964
0.95 208pp, 4.69 0.0062 0.966
2.18 12¢ 4.77 0.033 0.969
2.18 OCa 4.55 0.030 0.970
2.18 8Ca 4.53 0.030 0.970
2.18 208py, 4.60 0.031 0.969

TABLE I. A,, measurement kinematics.

For the 0.95 GeV data, the transverse beam polariza-
tion was determined to be P, = 89.7 4 0.8% using ded-
icated Mgller polarimeter longitudinal polarization mea-
surements. For the 2.18 GeV data, both Compton and
Mgller polarimeters were operational and yielded con-
sistent results; the combined result obtained was P, =
86.8 + 0.7%. Using these beam polarizations we finally



obtain A,, as:

A
A — Ccorr . 3
" Py{cos ) ®)
Ebecam 0.95 GeV 2.18 GeV

Target 2¢ 490y 2Ong‘ 12 400y 48Ca 208Ph
Afalse 0.03 0.05 0.08 | 0.04 0.06 0.10 0.03
Polarization  0.06 0.05 <0.01| 0.08 0.08 0.08 <0.01
Non-linearity  0.03 0.03 <0.01| 0.05 0.05 0.05 0.01
Tgt. impurities <0.01 <0.01 0.04 [<0.01 <0.01 0.10 0.80
Inelastic <0.01 <0.01 <0.01| 0.08 0.15 0.08 <0.01
Tot. Syst. 0.07 0.08 0.09 | 0.13 0.18 0.19 0.75
Statistical 0.38 0.34 0.16 | 1.05 1.10 1.09 3.15
Tot. Unc. 0.39 0.34 0.18 ‘ 1.05 1.11 1.11 3.23

TABLE II. A, measurement uncertainty contributions in
units of 107¢ (ppm).

A contribution from non-linear response of the PMT
for each quartz detector was bounded to be < 0.5% in
bench tests. A summary of the main contributions to the
uncertainties for the various targets is shown in Table II.
The statistical uncertainties typically dominate and the
systematic uncertainties are well under 1 ppm.

E eam _AZ<20
(o Tt Ao (o) AZEY (o) 2
0.95 !2C —6.3+0.4

0.95 %°Ca —6.1+0.3 —62402

0.95 208pp 04+0.2 21 o
218 !2C —9.7+1.1

2.18 %Ca —-10.0+1.1 —9.7+0.6

2.18 “8Ca —9.4+1.1

2.18 298pp 0.6+3.2 320

TABLE III. A, results for the four nuclei along with the cor-
responding total uncertainties (statistical and systematic un-
certainties combined in quadrature).

Our final results are shown in Table III. They are also
displayed in Fig. 2, with theoretical prediction [26] curves
overlaid. It can be seen that the data are consistent with
the previously published PREX results (open symbols)
[20]. Of particular note is that, at each beam energy,
measurements on multiple nuclei with Z < 20 are consis-
tent with each other within quoted uncertainties. Using
a simple average on all but the 2°®Pb measurement we
observe that the measured A,, for 2°8Pb at 0.95 GeV is
different by 21 standard deviations. Following a similar
procedure for 2.18 GeV data we obtain 3.2 standard de-
viations. Measurements to date support this simple aver-
aging procedure provided that the three conditions men-
tioned earlier are satisfied, namely, high incident beam

51 " PREX-2 PREX - CREX 5
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FIG. 2. A, measurements from PREX-2, PREX (open cir-
cle and triangle, previously published [20]) and CREX, at
beam energies of 0.95 GeV, 1.06 GeV and 2.18 GeV respec-
tively. The solid lines show theoretical calculations from [26]
at 0.95 GeV and 2.18 GeV together with their respective one
sigma uncertainty bands. The color of each band represents
the calculation for the same color data point. Overlapping
points are offset slightly in @ to make them visible.

energy, very forward scattering angle, and clean separa-
tion of inelastic scattered electrons. It is worth noting
that the “He data published by the HAPPEX collabo-
ration [20] taken at 2.75 GeV beam energy, scaled by
\/@ to the same kinematics as our 2.18 GeV data, is
consistent with the average presented in Table TII.

The original PREX data challenged the community to
explain an asymmetry for 2°8Pb which is an order of
magnitude smaller than for other nuclei and theoretical
expectations. We have now shown that this effect oc-
curs over a range of beam energies and Q?, likely ruling
out an explanation based on the location of a diffractive
minimum. A recent calculation has, for the first time,
included both effects of Coulomb distortion and excited
intermediate states [26]. While the resulting prediction
moved closer than previous calculations to the 2.18 GeV
208pL A,, measurement, the disagreement remains stark
at 0.95 GeV - a firm indication that further theoretical
investigation is warranted.

It is especially difficult to explain the small A,, (?°% Pb)
given our new results showing good agreement for Z =
20 nuclei. A theoretical correction is required that not
only yields A, (2°®*Pb) ~ 0 for a significant range of Q
while being small for Z < 20 nuclei but also goes beyond
dynamics included in the calculations of ref. [26].

One such possible radiative correction is a vertex cor-
rection to the nucleus: a Feynman diagram where a vir-
tual photon connects the initial and final state legs of the
nucleus. Such a correction would naively be of the order
Z2a since it contains an additional photon coupling to a
charge Z nucleus, compared to the leading TPE diagram.
For Pb this is very large, Z?« = 49.1. This correction to



A,, would take the form,

An = Ap(Q)(1 — C - Z2a),

where Ay(Q) is a theoretical prediction for A, without
the radiative correction or the experimentally measured
asymmetry for low Z nuclei, and C is an empirical con-
stant. We find C' =~ 0.02 in order to reproduce the small
A, (?"8Pb) values without degrading the agreement for
Z < 20. We find that the %9Zr A, central values [22]
from Mainz are consistent with such a correction for the
same value of C. Higher precision data for °Zr as well
as for other suitable nuclei with Z > 40 would allow a
test of this hypothesis.

In conclusion, we have reported new measurements of
A, for 12C, *9Ca, *8Ca and 2°8Pb. The A,, measurements
on light and intermediate mass nuclei are consistent with
each other and extend the range of nuclei for which a ro-
bust theoretical comparison can be made up to Z = 20.
On the other hand, these measurements are in significant
disagreement with the 2°®Pb measurements, confirming
and extending the previously reported PREX result sug-
gesting that the suppression of the asymmetry is Q? in-
dependent. The level of disagreement in A, is far beyond
that expected from current theoretical models and merits
further experimental and theoretical investigation.
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