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Parity violating elastic electron scattering and Coulomb distortions

C. J. Horowitz*
Nuclear Theory Center, 2401 Milo B. Sampson Lane, Bloomington, Indiana 47405

~Received 9 January 1998!

Parity violating elastic electron-nucleus scattering provides an accurate and model-independent measure-
ment of neutron densities, because theZ0 couples primarily to neutrons. Coulomb distortion corrections to the
parity violating asymmetryAl are calculated exactly using a relativistic optical model. Distortions significantly
reduceAl in a heavy nucleus. However, even with distortions, an experiment to measure the neutron radius is
feasible. This will aid the interpretation of future atomic parity violation measurements and provide funda-
mental nuclear structure information. Coulomb distortions and small differences between neutron and proton
radii could be important for a standard model test on4He, 12C, or 16O. @S0556-2813~98!00406-3#

PACS number~s!: 24.80.1y, 25.30.Bf, 21.10.Gv
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I. INTRODUCTION

Parity violating electron-nucleus scattering is importa
for several reasons. First, it provides a test of the stand
model at low energies. Indeed, an early experiment on12C
was performed@1# ~with somewhat limited accuracy!. Sec-
ond, it is sensitive to strange quarks in the nucleon
nucleus. Proposed Jefferson Laboratory experiments hop
extract strange quark contributions to the electric form fac
of the nucleon from elastic scattering on4He @2#. Finally,
parity violation provides a unique and very clean way
study neutron densities and isospin violation in nuclei@3#.
This is because theZ0 couples predominantly to neutron
@Note, theZ0 proton coupling depends on the small fact
124 sin2 QW.#

An accurate measurement of neutron distributions in
heavy nucleus would provide fundamental nuclear struc
information. It will constrain isovector terms in the nucle
matter energy functional such as the surface symmetry
ergy. This could be important in astrophysics when one
trapolates to unstable very asymmetric nuclei. Furthermor
measurement of neutron radii will significantly aid the inte
pretation of future atomic parity violation measuremen
The present Cs experiment is accurate to 0.3%@4#. Pushing
the accuracy of atomic experiments is important as a tes
the standard model and as a search for new physics. H
ever, a 0.1% measurement in a heavy atom will requ
knowing the neutron radius to of order 1%@5# ~to keep un-
certainties in the neutron density from interfering with
standard model test!.

The charge density is known from elastic electron scat
ing. Thus, to determine the neutron radius to 1% requ
knowing the difference between neutron and proton radi
about 25%. This accuracy is probably beyond that of pres
nuclear theory~we comment on this below!. Furthermore,
neutron radii determinations from hadronic probes su
from large systematic errors. Therefore, a measuremen
the parity violating asymmetry for elastic electron scatter
should provide crucial information for atomic parity expe
ments.

Atomic experiments also depend on atomic theory~the
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overlap of electronic wave function with the nucleus! which
at present is only good to about one percent in Cs@6#. How-
ever, this accuracy may improve in the future. If this is n
the case, atomic experiments may shift to measuring ratio
parity violation in different isotopes because many of t
atomic uncertainties cancel. Isotope ratios place much m
stringent requirements on knowledge of the neutron rad
and how this changes among isotopes. This knowledg
beyond present nuclear theory. However, an accurate m
surement of the neutron radius with electron scattering o
single nucleus should still provide an importantfirst step
towards calibrating a theory of neutron radii differences.

Electron scattering from a heavy nucleus is modified s
stantially by Coulomb distortions. These effects are of or
Za ~where Z is the nuclear charge! and will modify the
parity violating asymmetry. However, there are no pre
ously published calculations. In the present paper we ac
rately calculate Coulomb distortion effects with a relativis
optical model. The Dirac equation is numerically solved f
an electron moving in vector and axial vector potentials. O
formalism is presented in Sec. II along with checks of t
numerics.

Elastic parity violating asymmetries from several nuc
are shown in Sec. III. Results are also shown for a variety
electron energies. We conclude in Sec. IV that Coulomb d
tortions significantly modify the asymmetry. However, the
are accurately calculated. Even with distortions, the asym
try is very sensitive to neutron densities and an experimen
measure the neutron radius in a heavy nucleus is feas
We also conclude that Coulomb distortions are important
a 1% standard model test in12C or 16O and that such a tes
may be sensitive to very small differences in proton a
neutron radii.

II. FORMALISM

In this section we describe our relativistic optical mod
formalism and discuss a variety of checks on our numer
results. The electron wave functionC ~for scattering from a
spin zero nucleus! is assumed to satisfy a Dirac equation

@a•p1bme1V̂~r !#C5EC. ~1!

Here E is the center of mass energy and we neglect ot
3430 © 1998 The American Physical Society
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57 3431PARITY VIOLATING ELASTIC ELECTRON . . .
center of mass corrections. The total potentialV̂(r ) has vec-
tor V(r ) and axial vectorA(r ) components,

V̂~r !5V~r !1g5A~r !. ~2!

The conventional Coulomb potential isV while weak neutral
currents give rise toA which is of order the Fermi constan
GF ,

A~r !5
GF

23/2
rW~r !. ~3!

The weak charge densityrW is closely related to~minus! the
neutron density~see below! and is normalized, for neutron
numberN and proton numberZ,

E d3rrW~r !52N1~124 sin2 QW!Z. ~4!

Equation~1! includes terms of all orders inZa. This is im-
portant becauseZa is large for a heavy nucleus. Equation~1!
neglects radiative corrections, which are higher order ina,
and dispersion corrections where the intermediate nucleu
in an excited state.

In the limit of vanishing electron mass, it is a simp
matter to include the effects of the axial potentialA(r ). One
writes the Dirac equation for helicity states withC65 1

2 (1
6g5)C,

@a•p1V6~r !#C65EC6 , ~5!

and

V6~r !5V~r !6A~r !. ~6!

Thus, the positive helicity state scatters from a potentiaV
1A while the negative helicity state scatters fromV2A. To
calculate the parity violating asymmetryAl one simply cal-
culates the scattering amplitudes forV1A and V2A and
subtracts

Al5
ds1 /dV2ds2 /dV

ds1 /dV1ds2 /dV
. ~7!

We have written a new relativistic optical codeELASTIC

which numerically solves the partial wave Dirac equati
and sums up phase shifts to calculate the scattering am
tude. From the amplitude it calculates the following obse
ables: the unpolarized cross section, the parity conser
analyzing powerAy ~for an initial electron spin normal to th
reaction plane!, the parity violating asymmetryAl , and the
spin rotation parameterQ. This is related to the angle
through which the electron’s spin is rotated when it scatt
from the nucleus@7#. The normal analyzing powerAy is of
order me /E and vanishes in Born approximation. It is ve
small, comparable toAl . We will discussAy in a future pa-
per.

The numerical details of the code will also be presented
a later paper. Here we describe some of the checks w
give us confidence in our results. First the code must rep
duce known cross sections. For example, elastic cross
tions from 208Pb at 502 MeV are reproduced out to 3.7 fm21
is
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-
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s

n
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~the extent of the data@8#!. Near 3.7 fm21 the error is of
order a percent. The cross section at these large angle
reduced by many orders of magnitude. This requires that
scattering amplitude be calculated very accurately: inde
more accurately then needed for the forward angleAl ~see
below!.

The code has been checked against plane wave res
We multiplied bothV and A in Eqs. ~1!, ~2! by a small
factor, say, 0.01. Then the full code was run summing o
many partial waves. Finally the resulting cross section w
divided by 0.012 and both the cross section andAl were
compared to know plane wave results. This check was p
formed both forrW proportional to the charge density~where
Al is linear inq2) and for different neutron and proton den
sities. The numerical agreement is very good~better then
0.1% forAl) except for right in the diffraction minima. In the
minima, the exact result should be different from plane wa
results even for a system with the small charge of 0.0Z.
This plane wave test is actually more demanding then
full calculation because some numerical errors are magni
in comparison to the small interaction.

The spin rotation parameterQ should be just

Q5sin~Q!, ~8!

with Q the electron scattering angle, up to small correctio
of orderme /E. This is a nontrivial check since we must su
up over all partial waves to calculateQ. Equation ~8! is
reproduced by our code except at very large momen
transfers~beyond 4 fm21 for 208Pb where the cross section
also inaccurate!.

Finally, the only new feature of theAl calculation is a
subtraction of the positive and negative helicity amplitud
In practice this is not a problem because the amplitude m
be calculated to much better accuracy then a part in 105 ~a
typical size for Al) in order to reproduce the large ang
cross section. Furthermore, many errors cancel in the s
traction. Nevertheless, this can be tested by multiplying j
A in Eq. ~3! by 0.1 ~keepingV unchanged! and running the
full code. The resultingAl is scaled up by a factor of 10 an
seen to agree well with earlier results. This procedure ma
the subtraction ten times more sensitive and verifies its
curacy. Note, the code calculates observables to all orde
both V and A. In practice,A is small soAl is linear in A.
Therefore, the code can be run with almost any value ofGF
in Eq. ~3! and the resulting outputAl scaled appropriately.

Taken together, these four tests check almost all area
the calculation and give us confidence in our results. In pr
tice the calculation is no harder then older work for the u
polarized cross section. Indeed, in a helicity basis only v
small modifications are needed to include a parity violat
potential.

III. RESULTS

In this section we present results of the codeELASTIC. We
first assume the weak densityrW(r ) has the same spatia
distribution as the charge densityr(r ). This allows one to
see the effects of only Coulomb distortions. Then we sh
results for different weak and electromagnetic densities.
start, we use a simple three parameter Fermi charge de
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3432 57C. J. HOROWITZ
for 208Pb from Ref.@9#, see Table I. This fits all but the bac
angle electron scattering data. The weak density is assu
to be proportional to the charge density,

rW~r !52FN

Z
14 sin2 QW21Gr~r !. ~9a!

This satisfies the normalization condition of Eq.~4!. For sim-
plicity in notation, we refer to the weak density given by E
~9a! as being equal to the charge density.

Figure 1 shows the asymmetryAl for 208Pb versus mo-
mentum transferq both in a plane wave impulse approxim
tion where,

Al5F GFq2

4pa21/2G FN

Z
14 sin2 QW21G , ~9b!

and then including full distortions at electron energies fro
502 to 3000 MeV. Coulomb distortions are seen to reduceAl
substantially, especially in the diffraction minima. As th
energy increases, the effects of Coulomb distortions do
decrease~very much! instead there is a slight shift in th
position of the diffraction minima to higher momentu
transfers. We conclude from Fig. 1 that Coulomb distortio
must be included for parity violation in a heavy nucleus.

Figure 2 showsAl for 12C at 200 MeV. This is the energ
of the original BATES experiment@1#. This figure uses a
relativistic mean field model@10# ~MFT! for the charge den-
sity. For the MFT we approximate the weak density as

TABLE I. Three parameter Fermi densities@9# r5r0@1
1w(r /R)2#/$11exp@(r2R)/a#%.

Nucleus R a W

fm fm
4He 1.008 0.327 0.445
208Pb 6.4 0.54 0.32

FIG. 1. Parity violating asymmetryAl for elastic scattering from
208Pb vs momentum transferq assuming ‘‘equal’’ weak and charg
densities~which are taken to be three parameter Fermi functio!
see Eq.~9!. The dotted curve is a plane wave approximation wh
full distorted wave results at 502 MeV are short dashed, 850 M
long dashed, and 3000 MeV solid curves.
ed

.

ot

s

rW~r !5E d3r 8GE~ ur2r 8u!@2rn~r 8!

1~124 sin2 QW!rp~r 8!#. ~10!

Here rn and rp are point neutron and proton densities a
the electric form factor of the proton is approximate
GE(r )'(L3/8p) e2Lr with L54.27 fm21. This neglects
strange quark contributions, the neutron electric form fac
and meson exchange currents. It also assumes good iso
for the nucleon. For simplicity, all calculations in this pap
use sin2QW50.23 for the Weinberg angle.

The dotted curve in Fig. 2 assumes Eq.~9! while the
dashed curve uses the MFT weak density. Both of these
plane wave calculations. Finally, the solid curve uses
MFT weak density and includes Coulomb distortions. In t
MFT the protons have a slightly larger radius then the n
trons because of Coulomb repulsion. This small change
radius can lead to a large change inAl at back angles. At the
30° angle of the BATES experiment the MFT plane wa
calculation is about 1% above the equal density plane w
result. Coulomb distortions increaseAl by another 2%. Thus
the full calculation is about 3% above the original predictio
This change is smaller then the BATES error. However, i
large compared to a possible 1% standard model test.

We conclude that Coulomb distortions must be includ
in a 1% standard model test on12C or 16O ~indeed Fig. 3
shows similar results for16O!. However, we have calculate
Coulomb distortions accurately so they should pose no pr
lems for the interpretation of the experiment. We also s
that isospin violation~small differences between proton an
neutron densities! is significant especially at back angle
This correction involves some nuclear structure uncerta
ties. Thus isospin violation may limit a standard model t
to small momentum transfers.

Figure 4 showsAl for 4He at 850 MeV. We assume
three parameter Fermi charge density, see Table I. For
light target, Coulomb distortions are only important in th

V

FIG. 2. Parity violating asymmetryAl for elastic scattering from
12C at 200 MeV vs scattering angleu. Plane wave results using
relativistic mean field densities~which are slightly different for neu-
trons and protons! are the dashed curve while the dotted curve i
plane wave calculation assuming equal neutron and proton de
ties. Finally, the solid curve is a full distorted wave calculati
based on relativistic mean field densities.
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57 3433PARITY VIOLATING ELASTIC ELECTRON . . .
diffraction minima. The solid curve is for a neutron dens
arbitrarily 1% smaller then the proton density. This chan
in r n is somewhat bigger then theoretical estimates. Ho
ever, there is great sensitivity to small changes in the neu
density. An accurate microscopic calculation ofr n2r p using
a Greens function Monte Carlo or some other method is v
important.

We note that the solid curve crosses the dashed curve
beyond 50°. This is near the second maximum in the fo
factor and corresponds to the kinematics of a planned exp
ment @2#. At this momentum transferq the derivative of the
cross section withq goes to zero which reduces some sy
tematic errors~such as those from helicity correlated chang
in q). One can think of the derivative as being with resp

FIG. 3. Parity violating asymmetryAl for elastic scattering from
16O at 850 MeV vs scattering angleu. Plane wave results usin
relativistic mean field densities~which are slightly different for neu-
trons and protons! are the dashed curve while the dotted curve i
plane wave calculation assuming equal neutron and proton de
ties. Finally, the solid curve is a full distorted wave calculati
based on relativistic mean field densities.

FIG. 4. Parity violating asymmetryAl for elastic scattering from
4He at 850 MeV vs scattering angleu. Plane wave results usin
equal weak and charge densities~assumed to be a three parame
Fermi function! are the dotted curve. Distorted wave calculatio
with equal weak and charge densities are dashed and the solid
includes distortions assuming the proton radius is 1% larger t
the neutron radius.
e
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ry
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to the dimensionless quantityqr with r the nuclear radius.
Thus the derivative of the cross section with respect tor also
vanishes at the same point. This implies that the cross sec
and asymmetry will be insensitive to small changes inr or
r n2r p . This minimizes the sensitivity to isospin violation
However, the sensitivity is large at other momentum tra
fers.

Results forAl in 208Pb at 850 MeV are shown in Fig. 5 a
forward angles and in Fig. 6 at backward angles.@Note, all of
the curves in these and remaining figures include Coulo
distortions.# The dotted curve assumes a three param
Fermi charge density and equal weak density. The s
curve uses relativistic mean field~MFT! @10# charge and
weak densities. The large difference between these cu
indicates a strong sensitivity to the neutron radius orr n
2r p . Finally, the dashed curve assumes the weak densi
a scaled~stretched! version of the~three parameter Fermi!
charge density

a
si-

r

rve
n

FIG. 5. Parity violating asymmetryAl for 208Pb at 850 MeV vs
scattering angleu. The dotted curve uses equal weak and cha
densities~assumed to be three parameter Fermi functions! while the
solid curve is based on relativistic mean field densities. Finally
dashed curve assumes three parameter Fermi densities, how
the weak density has been stretched@with l50.9502 see Eq.~11!#
to give the same difference in radiir n2r p as the relativistic mean
field densities. These densities are shown in Fig. 7. Note, all cu
in this and latter figures include distortions.

FIG. 6. As in Fig. 5 except for larger scattering angles.
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3434 57C. J. HOROWITZ
rW~r !52FN

Z
14 sin2 QW21Gl3r~lr !. ~11!

The scale parameterl50.9502 is chosen to reproduce th
MFT r n2r p . These various densities are shown in Fig.
Root mean square radii are collected in Table II. The go
agreement between the dashed and solid curves in Fi
indicates that a forward angle measurement is primarily s
sitive to the neutron radius and not to shell structure in
density~see Fig. 7!. The scaled three parameter Fermi de
sity is very different from the MFT at smallr .

The nucleus138Ba provides a meeting ground betwe
nuclear and atomic physics. There is interest in an ato
parity violation experiment on the Ba ion. At the same tim
138Ba has a relatively simple nuclear structure and a la
gap of about 1.5 MeV to the first excited state.~Unfortu-
nately Cs isotopes have relatively complicated nuclear st
ture and low first excited states.! Thus Ba may be a good
place to measure both the neutron radius~with electron scat-
tering! and atomic parity violation. Figure 8 shows MF

FIG. 7. Densities of208Pb vs radiusr . The lower two curves are
charge densities: the solid curve is the relativistic mean field re
@10# while the dotted curve is a three parameter Fermi fit to ela
scattering. The upper three curves are~minus the! weak density.
Solid: relativistic mean field, dotted: three parameter Fermi cha
density normalized as in Eq.~9!, dashed: this three parameter Fer
stretched byl50.9502, see Eq.~11!.

TABLE II. Root mean square radii for densities used.

Nucleus Density Charge~fm! Weak ~fm!

4He 3pa 1.717 1.717
12C MFT 2.504 2.477
16O MFT 2.753 2.720
48Ca MFTb 3.419 3.667
138Ba MFT 4.797 5.038
208Pb 3p 5.490 5.490

3p (l50.9502) 5.778
MFT 5.456 5.744

aThree parameter Fermi function, see Table I. MFT5 relativistic
mean field theory densities from Ref.@10#.
bDensities for48Ca include a small correction from a nonzero ne
tron electric form factorGE

n .
.
d
5

n-
e
-

ic
,
e

c-

weak and charge densities for138Ba and Fig. 9 presents par
ity violating asymmetries. The sensitivity to the neutron r
dius is large, comparable to Pb.

Alternatively, one may be able to accurately calibra
nuclear theory with a measurement ofr n2r p in 208Pb and
then use theory to interpolate to other nuclei of interest
atomic physics. In a future paper we will discuss both t
absolute errors in nuclear theory and the relative errors
going from one nucleus to another. It should be possible
achieve the needed 1% relative error. Thus one may be
to understand bulk neutron radii throughout the perio
table with only a single measurement.

From a nuclear structure point of view alone, an obvio
choice is208Pb since this is such a good doubly closed sh
nucleus with a simple structure, a high first excited state
large cross section and a large neutron excess. We also s
in Figs. 10 and 11 predictions for48Ca since this nucleus ha
a large fractional neutron excess. Again, there is a large
sitivity to the neutron radius. However, the cross section
48Ca is smaller then for208Pb.

lt
ic

e

-

FIG. 8. Densities of138Ba vs radiusr for a relativistic mean
field calculation@10#. The solid curve is minus the weak densi
while the charge density is dotted.

FIG. 9. Parity violating asymmetryAl for 138Ba at 850 MeV vs
scattering angleu. The solid curve is based on relativistic mea
field densities while the dotted curve assumes equal weak
charge densities.
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57 3435PARITY VIOLATING ELASTIC ELECTRON . . .
We now discuss the optimal kinematics for an experim
on 208Pb. The figure of merit,

F5Al
2ds/dV, ~12!

is shown in Fig. 12 for 850 MeV. This is strongly forwar
peaked since the cross section falls rapidly with angle. T
experiments may only be feasible at forward angles. Figu
suggests one is sensitive to the neutron density at scatte
angles near 6° and 12° in the lab. This is made quantitativ
Fig. 13 where we plot the logarithmic derivative of the asy
metry with respect to the scale factor of the neutron den
l of Eq. ~11! ~equivalently with respect to the neutron r
dius!,

dln Al

d l
5

l

Al
S dAl

dl D . ~13!

Note, this is evaluated atl50.9502. Thelogarithmic de-
rivative peaks around 3.2 near 7° and around 10 near 14

FIG. 10. Parity violating asymmetryAl for 48Ca at 850 MeV vs
scattering angleu. The solid curve is based on relativistic mea
field densities while the dotted curve assumes equal weak
charge densities.

FIG. 11. Densities of48Ca vs radiusr for a relativistic mean
field calculation@10#. The solid curve is minus the weak densi
while the charge density is dotted.
t

s
5

ing
in
-
ty

A

value of 3.2 means that a 3.2% measurement ofAl could
determine the neutron radius to 1%~if other uncertainties are
small!.

The product of the figure of merit and the logarithm
derivative is also shown in Fig. 12. This is large whereAl
can be accurately measured and is sensitive to the neu
radius. The first maximum in this product~near 4°! is about
20 times the second maximum~near 12°!. Figure 12 is for a
fixed beam energy of 850 MeV. Results can be appro
mately scaled to other energiesE by multiplying the cross
section~at fixed momentum transfer! by (E/850 MeV! 2.

For example, an experiment at a fixed laboratory angle
6° is illustrated in Fig. 14. Note, this is an approximate figu
since it is based on distortion calculations at 850 MeV sca
to other energies. However, it should provide a good fi
orientation. A measurement at 6° is possible in Hall A
Jefferson Laboratory with a septum magnet. Figure 14
local maxima near 730, 1720, and 2600 MeV. The produc
the figure of merit times the log derivative is a factor of 3
~15! lower at 1720~2600! MeV than at 730 MeV.

nd

FIG. 12. Figure of merit~dotted curve! ~differential cross sec-
tion times asymmetryAl squared! log10 in mb/Sr vs scattering angle
u for 208Pb at 850 MeV. The solid curve is the figure of me
multiplied by the logarithmic derivative of the asymmetry with r
spect to the neutron radius~see Fig. 13!.

FIG. 13. Logarithmic derivative of the asymmetryAl with re-
spect to the neutron radius for208Pb at 850 MeV vs scattering angl
u.
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3436 57C. J. HOROWITZ
A measurement near 730 MeV is insensitive to poss
uncertainties in the surface thickness~of the neutron den-
sity!. However, the surface thickness may be well kno
from theory where it is constrained by the surface energy
measurement near 1720 MeV is more sensitive to the n
tron radius~see Fig. 13! so it may be less sensitive to oth
corrections or errors. Therefore it would be very useful
measure both points. However, most of the information
the neutron radius can be extracted from a single meas
ment. If pushed for time, it is most important to make
single accurate measurement~rather than two less accura
ones!.

IV. CONCLUSIONS

In this paper we have calculated parity violating asymm
tries for elastic electron scattering including Coulomb dist
tions. We solve a relativistic optical model for electron sc
tering in vector and axial-vector potentials. A series of pla
wave and cross section checks give us confidence in the
merical results.

Our most important conclusion is that a parity violatio
experiment to measure the neutron density in a he

FIG. 14. Figure of merit, dotted curve, vs beam energy fo
fixed laboratory scattering angle of 6° for208Pb. The solid curve is
the product of the figure of merit times the logarithmic derivative
the asymmetry with respect to the neutron radius. Note these cu
are approximate. They are based on distortions calculated at
MeV and assumed independent of energy.
00
a-
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e
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n
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e
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y

nucleus is feasible. Possible targets include208Pb because of
its simple structure, good closed shells, and large neu
excess or138Ba because of the overlap of atomic physi
interest and a relatively simple nuclear structure. It
straightforward to optimize the kinematics of such an expe
ment. However, one must include the large effects of C
lomb distortions. One possibility for208Pb is to measure
around 6° and an energy near 750 and/or 1700 MeV.
would be happy to provide more detailed calculations up
request.

Future atomic parity experiments will require accura
knowledge of the neutron radius. In a future paper, we w
explore how a single good electron scattering measurem
coupled with the many constraints of nuclear theory, sho
be enough to predict the neutron radius to 1% for all clos
shell nuclei. Note that determining small differences betwe
isotopes is clearly more demanding. However, an und
standing of bulk neutron radii is still an important first ste
towards a theory of isotope differences.

A measurement of the neutron radius will also provi
fundamental nuclear structure information. It would be t
first accurate and model-independent measurement of
sizeof large hadronic systems. Note that the size does
follow directly from the charge radius because of the neut
skin. The measurement will provide important constraints
the isospin dependence of the nuclear matter energy fu
tional and should constrain parameters such as the sur
symmetry energy and/or the isovector incompressibility.

We have found that Coulomb distortions are also imp
tant for a 1% percent standard model test in12C, or 16O.
However, we have calculated distortions accurately so t
should not pose a problem in the interpretation of an exp
ment. Small differences between proton and neutron radii
also important for elastic experiments involving4He, 12C
and 16O. Microscopic calculations of the difference betwe
neutron and proton radii in4He or 16O would be very useful.
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