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Asymmetries of elastic electron scattering at low momentum transfer (¢ <1 fm™') are used to
study the difference of radii between neutron and proton distributions in nuclei such as Ca, Sn, and
Ba isotopes. The asymmetry is shown to be another powerful tool to study the difference of neutron

and proton distributions in nuclei.
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I. INTRODUCTION

Recently, much work has been devoted to the strange
quark content of the nucleon [1-5]. It has been shown [6,7]
that the asymmetry of longitudinally polarized electron
scattering in nuclear isoscalar magnetic transitions, for
example, 12C(€,€’)12C(1%, 12.71 MeV) and 2H(€, e)?H,
is quite sensitive to the vector current type strange
quark matrix element of the nucleon, (N|sv,s|N). Cross
sections of v scattering in isoscalar magnetic transi-
tions are found to be sensitive to the axial vector
current strange quark matrix element of the nucleon,
(N|37.7Y%s|N); for example, 2C(v,»')2C(1*, 12.71
MeV) and °B(v,')1°B(2*, T = 0, 3.59 MeV) [8].

Asymmetries of unpolarized electrons from polarized
nuclear targets have also been investigated in deu-
terium [7], and their sensitivities to (IN|3vy,s|N) and
(N|57,7°s|N) have been found to depend on the direc-
tion of the polarization of the target.

The actual observation of these effects, however, is not
easy in polarized electron scattering because of the small-
ness of the cross sections of magnetic transitions as well
as their asymmetries, which are of the order of 1075.
Experiments are feasible for 'H(&,e)'H [9] and within
the accessible range for 2H(e,e)2H or 2H(€,e)2H. The v
scattering experiments are, in principle, accessible. A
comprehensive review of the present status and future
prospects of semileptonic neutral current studies is given
in Ref. [10].

In a previous work [11], we therefore considered asym-
metries of polarized elastic Coulomb electron scattering

which is experimentally more feasible due to its large
J

(e
- 2rav/2

cross section. We found that in 2°8Pb(¢, €)2%%Pb, at low
momentum transfer (¢ < 1.5 fm~1!), the effects of the
strangeness vector form factors of the nucleon on the
asymmetry are smaller than those caused by the differ-
ence of neutron and proton distributions in nuclei. The
measurement of the asymmetry at low g can give us ac-
curate information on the difference of the radii between
neutron and proton distributions. Investigations with
simple wave functions have been done for some closed-
shell nuclei [12].

In the present paper, we extend our previous investi-
gation to other nuclei such as Ca, Sn, and Ba isotopes
and study the sensitivity of the asymmetries to the dif-
ference of neutron and proton distributions. Especially,
we are interested in the mass number dependence of the
difference in each kind of isotope.

II. ASYMMETRIES OF POLARIZED ELECTRON
SCATTERING

A. Asymmetries in the low g region

Here we summarize some formulas for the asymme-
try of polarized elastic electron scattering and clarify
what we can learn from its measurement in the low mo-
mentum transfer region. The parity-violating asymme-
try for longitudinally polarized electron Coulomb scat-
tering from a target with spin 0 is defined by A = (do 1
—do |)/(do t +do |), where do 1 (do |) is the cross sec-
tion for the right- (left-) handed polarized electron, and
can be expressed as

{(GY ~2 sin? 6w GE — 1G3)(0%|| Y o¥ll0*) + (-G — 2 sin? 0w G} — 3G5)

x (0|3 do¥alloh) } /{GEOHI Y doYollo*) + G501 Y sYollo™) } - (1)

Here, GL (G%) is the electric form factor of the pro-
ton (neutron) with the relativistic Darwin-Foldy correc-
tion term [13], G§, is the strangeness form factor of the

nucleon, and G = 1

= 1(GE — G%) is the isovector elec-
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tric form factor of the nucleon. g2 = ¢* — ¢§ with g the
effective momentum transfer and qo the energy transfer
which vanishes for the elastic scattering, a ~ 3= is the
fine-structure constant, and G ~ 10~°/m? (where m is
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the mass of the proton) is the weak coupling constant. In
actual calculations, contributions from spin-orbit current
densities are included [13].

When N (neutron number)=Z (proton number) and
the neutron and proton distributions are the same, the

asymmetry is given by
G &)

2ray/2 2(GE + G%3) sin’ 6w

The dominant term is determined by the value of the
Weinberg angle 0w [14,15], and there is a small correction
from G3. A deviation of the asymmetry from Eq. (2)
reflects the difference between the neutron and proton
distributions in nuclei. In the next subsection, we will
show the calculated values of

As = maV2A/(Gq? sin® Ow) (3)

2 sin® 0w (1 +

and discuss its deviations from unity for “°Ca(é, ?4°Ca.
When N > Z and if we can neglect G% and G com-
pared to GE, the asymmetry can be expressed as

Gq?
A=——F_1(1-4sin? ot joYo|0*
(0 s aw) 13 oelo”)
: + + ; )
—(OH1Y do%elI0%) ) x (011D doYell0%))
n P 4
(4)
that is,
1 N can \Z
= —(1-(1-4sin?0w)=
As 150’0, Z (1 (1 sin W)N

(07| 3 joYoll0*)/N — (07| EJ'oYoHO*)/Z)
+ n P

(0] 3" joYoll0)/Z
(5)

Since the value of 1 — 4 sin? 8y is as small as 0.08, the
asymmetry in the low g region is determined by the ratio
of the neutron distribution to the proton distribution. At
q=0,

As = A%
1 {ﬁ—(1—4sin20w)} . (6)

- 4sin? 0w | Z
The deviation of Ag from the value A% at low g can be
expressed in terms of the difference between the squared

radii of neutron and proton distributions, Arflp = (r2) -

(1‘12,). When the approximation jo(gr) = 1 — z¢*r? is

valid, we obtain

1 N

As —{1——(1—4sin20W)%

~ 4 sin® 0w Z

¢ 2 2
—E((T'n) - (Tp))}

1 N ¢?
— o ___ - -1 2\ _ 2 . 7
AS 4 Siﬂz 0W 7 6 ((7‘."_> (rp)) ( )
Thus, As becomes larger (smaller) than A% when (r2) is
smaller (larger) than (r2).
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B. Ca isotopes

We first discuss the Ca isotopes. In this case, Hartree-
Fock (HF) calculations give larger differences between
radii of neutron and proton distributions (Ar,,) than
experiments [16] as the mass number (A) approaches
A = 48. In other words, the experimental Ar,, does
not increase with the number of excess neutrons, while
the HF result increases monotonically as the number of
excess neurons increases. We investigate how these dif-
ferences between experiments and HF calculations affect
the asymmetries of polarized electron scattering in the
low momentum transfer region.

The effects of the difference between the neutron and
proton distributions in 4°Ca, %2Ca, #¢Ca, and “®Ca on
As are shown in Fig. 1. G3 is fixed to be zero. The
curves with Ag = 1.0, 1.109, 1.217, and 1.435 at ¢ = 0
[see Eq. (6)] correspond to *°Ca, 42Ca, %4Ca, and ¥Ca,
respectively. Three different HF wave functions are used.
The results obtained with the use of SGII-HF wave func-
tions [17] and those of Tondeur (HF-T) [18] are shown
by the solid and dashed curves, respectively. The HF-
T wave functions are constructed so as to reproduce the
experimental charge radii r. and density distributions of
closed-shell nuclei as well as possible. 7. obtained by
HF-T changes little as A increases from 40 to 48. The
dotted curve is obtained by using the wave functions of
Tondeur modified such as to reproduce the experimental

values of r,, = \/@ and rp, =
factors given by Galster et al. [19] are used. The devi-
ation of As from A% shows the effect of the difference
between neutron distributions and proton distributions.
Ag gradually departs from A as g increases. The values
of ArZ, = (r2) — (rZ) for the isotopes are tabulated in
Table I. The quoted experimental values are determined
by 7% scattering [20]. With increasing g, As decreases

1/ (r2). The nucleon form

|A%]

q(fm™)

FIG. 1. Calculated asymmetries for Ca isotopes. Solid and
dashed curves are obtained by using the SGII-HF and HF-T
wave functions, respectively. The dotted curve is obtained by
using the modified HF-T wave functions which reproduce the
experimental values of 7, and 7.
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TABLE I. Calculated and experimental rms charge-
neutron, and proton radii (rc, rn, and rp, respectively, in
fm) of Ca isotopes. Those calculated with the use of the SGII
(Tondeur’s) HF wave functions are denoted by SGII (Ton).
Exp refers to the experimental values, Ar,z,p =72 - r: (in

fm?).

A 40 42 44 46 48

SGII

Tc 3.44 3.45 3.46 3.46 3.47

Tn 3.27 3.36 3.44 3.51 3.57

Tp 3.32 3.35 3.37 3.39 3.41

Arﬁp —0.330 0.067 0.477 0.828 1.117
Ton

Te 3.47 3.47 3.47 3.47 3.48

Tn 3.32 3.39 3.50 3.60 3.68

Tp 3.36 3.37 3.36 3.36 3.37

Arip —0.267 0.135 0.960 1.670 2.186
Exp

Tc 3.45 3.48 3.49 3.47 3.45

Tn 3.31 3.33 3.42 3.43

T 3.36 3.37 3.39 3.32

Ar?,p —0.334 —0.268 0.204 0.743

from A% for positive Ar2, and increases from A% for neg-
ative ArZ . Note that for “2Ca the dotted curve bends
in the direction opposite to the solid and dashed curves.
In the case of 4°Ca, the difference between the HF re-
sults and the experimental values for Ar,zlp is as small
as 0.004-0.067 fm?2. It increases as the mass number in-
creases: 0.068-0.335 fm? for 42Ca, 0.273-0.756 fm? for
44Ca, and 0.374-1.443 fm? for *8Ca. Hence a discrimi-
nation between wave functions becomes possible for the
cases of 42Ca, #4Ca, and *8Ca.

The effects of G§ on the asymmetry are shown in Fig.
2 for °Ca and *8Ca. The SGII-HF wave functions are
used. The solid curve is obtained with G5 = 0. Three
kinds of G% are used. The dashed curve shows the calcu-
lated result obtained with the Galster’s parametrization:
G = psT(L+ Ap7)72(1 + Ag7)~! with 7 = ¢2/4m?
and ps = —2m?r% — F;(0). Here F; (0) is the strange
anomalous magnetic moment of the nucleon and rgs is
the strangeness radius defined by r% = —6dF}(0)/dg?.
The parameters ps = 2, A}, = 4.97, and A5 = 5.6
[21] are employed. The three-pole form of F;y and
F$(G3 = F{ + 7F5) given by Jaffe [22] is used for the
dash-dotted curve. The parameter set of Ref. [22] which
gives F§(0) = —0.25 and % = 0.11 fm? (ps = —1.91) is
used. The dotted curve is obtained with a four-pole form
with asymptotic (¢2)~2 falloff for F° and (¢2)~3 falloff
for Ff. This form factor with the 4th pole at 1.8 GeV
gives F3 (0) = —0.16 and r% = 0.06 fm? (ps = —1.06)
[11]. This form factor is considered to be closest to the re-
ality. Positive (negative) values of ps enhance (suppress)
As at finite g. For °Ca, G5, affects As by —0.9 - 1.2%
at ¢ = 0.5 fm™!, —1.7-23% at ¢ = 0.7 fm~!, and
—3.7—-4.7% at ¢ = 1 fm~!. These deviations are com-
parable to those caused by ArZ in the case of °Ca. It
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is, therefore, not easy to discriminate and identify the
effects of G3 and (or) ArZ, in *°Ca at low g. In the case
of 8Ca, Ag is affected by G5 by —0.7—1.0% at ¢ = 0.5
fm~!, -1.4—2.0%, at ¢ = 0.7 fm~', and —4.0—4.8% at
¢ =1 fm™!. These effects are smaller than those caused
by Ar,z,p. It is, thus, possible to discriminate the effects
of Ar2, from those of G3 in *3Ca. The effects of G on
Ag are similar also for the other Ca isotopes as they are
determined by the difference in r%: Ar% = 0.05 — 0.18
fm?2.

We can conclude from the above that, in spite of some
ambiguities due to the effects of G5, by looking at As we
can distinguish the isotope dependence of Arﬁp obtained
by HF calculations from the experimental Arﬁp deter-
mined from w-nucleus scattering. The measurement of
the asymmetry at low ¢ can, thus, be another useful tool
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FIG. 2. (a) Calculated asymmetries for °Ca obtained with
the use of SGII-HF wave functions. The solid curve is ob-
tained with G§ = 0. The dashed one is calculated with G
of dipole form given by Galster et al. [19]. The dash-dotted
(dotted) curve is obtained with G5 of three-pole (four-pole)
form. (b) The same as in (a) for **Ca.
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to obtain the isotope dependence of Arfm, though its ac-
tual measurement is not easy for Ca isotopes at present.
In the case of A = 48, whose first excited state is at 3.8
MeV, the energy resolution required is looser than in the
case of 2°8Pb where the first excited state is at 2.6 MeV,
but the magnitude of the cross section is smaller by a fac-
tor (20/82)%. Therefore, in order to determine Ar,, to
the accuracy of 1%, the machine time required is about
10 times that required for the case of 2°8Pb, that is, ~ 30
days/P? at ¢ = 0.5 fm~! where P is the polarization of
the electron, under the same experimental conditions as
in Ref. [12]. We hope that a better experimental situa-
tion than the present level can be acquired in the near
future.

C. Sn isotopes

Next we discuss the Sn isotopes. The experimental
charge radii of Sn isotopes change almost linearly as N
increases from 60 to 75 [16]. The difference of radii be-
tween neutron and proton distributions, Ar,,, can be
obtained from an analysis of medium-energy proton nu-
cleus scattering [23]. The deduced values for Ar,,/ro,
where ro = (1, +7,)/2, are (3.2+1.1)% and (5.3+2.4)%
for 118Sn and 124Sn, respectively. The analysis of a recent
measurement of the cross section of the isovector giant
dipole resonance (GDR) excited by inelastic o scatter-
ing, 1*%1248n(a, a'yo), gives 0.772:3% and 4.1721% for
Ary,p /7o in the case of 1'6Sn and 124Sn, respectively [24].
Here, we investigate the sensitivity of the asymmetry of
polarized electron scattering at low g to Ar,, in the Sn
isotopes.

We compare the calculated asymmetries of elastic elec-
tron scattering from 118Sn, 12°Sn, and !24Sn. The calcu-
lated results obtained by using the HF-SGII wave func-
tions are shown by the solid curves in Fig. 3. Effects of
the pairing force are taken into account by the constant-
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FIG. 3. The same as in Fig. 1 for Sn isotopes. The solid and
dashed curves are the same as in Fig. 1. The dotted curve
is obtained by using the modified SGII-HF wave functions
which reproduce the observed values of Arn,/7o.
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gap approach A = 11.2/A'/2 MeV (25] throughout the
present investigation. The values of As at ¢ = 0 (4%)
for 116Sn, 120Sn, and !24Sn are 1.348, 1.435, and 1.522,
respectively. The values of r,, rp, Ar,,zlp =r2 - ‘2,, and
ATpp/To for the HF-SGII wave functions as well as for
the other two wave functions are shown in Table II. As
the ArZ  are positive, As decreases from A% as ¢ in-
creases. The calculated results obtained by using the
modified HF-SGII wave functions are shown in Fig. 3
by the dotted curves. In this case, the values of 7, for
116S3n and !24Sn are constrained to reproduce the ob-
served values of Ar,,/r¢, 0.7% for 1'Sn and 4.1% for
124Sn. The values of Ar2, are modified to 0.292 and 1.79
fm? for 118Sn, respectively (see Table IT). As the value of
Ar2 , is decreased (increased), As decreases more slowly
(rapidly) for 16Sn (124Sn) compared to the case for HF-
SGII. The dotted curves can be considered to represent
the experimental asymmetries, which correspond to the
values of Ar2  obtained from (a,a’y) reactions. The
dashed curves in Fig. 3 show the calculated results ob-
tained by using the HF wave functions of Tondeur (HF-
T) [18]. Among the three isotopes, the decrease of Ag is
most rapid for ''%Sn, as the value of ArZ, is largest as
shown in Table II. The decrease of Ag for 124Sn is similar
to the case of the modified HF-SGIL. We can distinguish
the results obtained by the three HF wave functions for
the isotope dependence of Ags at low ¢q. As the Ar2 for
the HF-T case are close to the experimental values ob-
tained from proton scattering, the dashed curves can be
considered to be close to the experimental asymmetries.
We have, thus, a chance to distinguish further between

TABLE II. The same as in Table I for Sn isotopes.
Arnp = rn —71p and 7o = (Tn + 1rp)/2. SGII™ means that
T is modified to reproduce experimental values of Ary,,/ro
obtained from (a, a'y) reaction.

A 116 120 124

SGII

e 4.26 4.65 4.68

Tn 4.36 4.70 4.76

Tp 4.55 4.58 4.61

arl, 0.734 1.11 1.41

Arnp/To 1.7% 2.6% 3.2%
SGII™

Tn 4.58 4.70 4.80

Ark, 0.292 1.11 1.79

Arpnp/To 0.7% 2.6% 4.1%
Ton

e 4.55 4.59 4.63

Tn 4.62 4.71 4.76

Tp 4.47 4.50 4.56

Arl, 1.36 1.93 1.86

Arnp/To 3.3% 4.6% 4.3%
Exp

ATnp/To

(a,@'y) 0.7723% 417219

(p,p) (3.2+1.1)% (5.3+£2.4)%
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the two sets of observed values of A'rﬁp, if the experimen-
tal uncertainties can be reduced.

We have better experimental feasibility for Sn isotopes
than for Ca isotopes, though the feasibility is less than in
the case of 2°°Pb. Energy resolution required for the Sn
isotopes is about twice that required for 2°8Pb, and the
magnitudes of the cross sections are smaller by a factor
(50/82)%. The machine time required to discern Ar,; to
the accuracy of 1% becomes several times that required
for 2°8Pb, which seems within the reach of the present
experimental situation. The determination of Ar,, to
the accuracy of 1% is better than (or comparable to) the
accuracy of (a,a’y) and (p,p) experiments. If we allow
for an accuracy of 2%, which is comparable to those in
the (a,a’y) and (p,p) experiments, the measurement of
the asymmetries is feasible already. If one can actually
measure the asymmetries for the Sn isotopes, we have
another powerful tool to determine the difference in radii
of neutron and proton distributions.

D. Ba isotopes

In this subsection we discuss the Ba isotopes. Experi-
mentally, the isotope dependence of the charge radii has
a kink at N = 82 [16,26]. The slope of the linear de-
pendence of 7. on the mass number suddenly changes at
N = 82. Such behavior has been interpreted to be due
to the stronger deformation away from the shell closure
[26]. The charge radii obtained with the HF-SGII wave
functions change linearly and their isotope dependence
does not have a kink at A = 138. The charge radii cal-
culated from the HF wave functions change more steeply
than the observed ones for the isotopes with A < 138.
It is theoretically interesting to investigate how this dif-
ference of behavior between experiment and HF calcu-
lations manifests itself in the asymmetries, although the
measurement of asymmetries of the Ba isotopes is not
easily accessible.

The charge radii as well as r,,, 7p, and Ary;, are shown
in Table III for stable isotopes A = 132 — 138. 7" in
Table III is defined by

r™ = rP(A) + r,(SGII, A = 138) — rP(A = 138) .
(8)

The isotope dependence of 7" has the same slope as the
experimental charge radii and agrees with r.(SGII) at
A = 138. The modified neutron and proton radii are
defined by

it = ro (SGID T /7. (SGII) 9)
and
ry = rp(SGID)r /o (SGIT) , (10)

respectively, and (Ar72)? = (r7*)2—(r*)? and (A7), )% =
r2 — (rg*)?. r7* and 7* now have kinks at A = 138.
The results for As obtained with the SGII-HF wave
functions are shown by solid curves in Fig. 4. The dashed
curves are obtained with the modified wave functions
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TABLE III. The same as in Table I for Ba isotopes. rI",
rn', and ;" are defined by Egs. (8), (9), and (10), respectively.
(Arm)? = (r7)? — (") and (Arhp)® = 72 — ()"

A 132 134 136 138
SGII
T 4.813 4.824 4.834 4.845
T 4.840 4.867 4.892 4.916
o 4.764 4.777 4.790 4.802
ArZ, 0.730 0.868 0.988 1.108
rexP 4.825 4.826 4.828 4.832
rm 4.838 4.840 4.841 4.845
o 4.865 4.883 4.899 4.916
e 4.789 4.793 4.797 4.802
(Arg)? 0.734 0.871 0.989 1.108
(Ar),)? 0.491 0.715 0.920 1.108

that reproduce r* and rp*. In this case, the isotope
dependences of both r, and r, are assumed to have
kinks at A = 138, as does the experimental isotope de-
pendence of r.. Only proton radii are modified to r;*
(neutron radii are kept to those of the SGII wave func-
tions) in obtaining the dotted curves in Fig. 4. In this
case, only the isotope dependence of r, is assumed to
have a kink. Though we cannot distinguish the solid and
dashed curves, the difference between the dotted and
other curves becomes apparent for isotopes with smaller
mass numbers (A = 132 — 134) at low ¢ (0.4 < ¢ < 0.7
fm~1).

We finally comment on the experimental feasibility in
the case of Ba isotopes. The energy resolution required
for the A = 132 isotope is about five times that required
for 208Pb. The magnitude of the cross section is reduced
by (56/82)2 compared to the case of Pb. As the change
in Ar,, is as small as ~ 0.5% even in the case of 4 = 132,
the machine time required to get this accuracy in Ary, is
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FIG. 4. The same as in Fig. 1 for Ba isotopes. The solid
curve is the same as in Fig. 1. The dashed (dotted) curve is
obtained by using the modified GSII-HF wave functions that
reproduce the values of ' and r3* (r» and 77*) in Table IIT
for neutron and proton radii, respectively.
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about 20 times that for the case of 2°8 Pb. Unfortunately,
the measurement of the asymmetries seems inaccessible
for Ba isotopes at present.

One deficient point of the present method is that the
target should be stable or at least have lifetime long
enough to be able to carry out experiments. Ba isotopes
become unstable in the region A < 129. There is a theo-
retical report that an interesting crossing between r,, and
rp is predicted around A = 116 in a relativistic mean-
field calculation (27]. Unfortunately, we cannot investi-
gate this point of the asymmetries of polarized electron
scattering, as Ba isotopes are unstable in this extremely
neutron-deficient mass region. The experimental study of
the isotope dependence of Ar,, is, thus, restricted only
to the region of stable isotopes.

III. SUMMARY

We studied the sensitivity of the asymmetries of longi-
tudinally polarized elastic Coulomb electron scattering to
the difference in radii of neutron and proton distributions
in Ca, Sn, and Ba isotopes. Differences in the mass num-
ber dependence of Ar,, between HF calculations and
observed values extracted from other experiments have
been investigated for each kind of isotope. We can con-
clude that by looking at the asymmetries we can identify
these differences for nuclei near 48Ca in the case of Ca
isotopes, for 11Sn and '24Sn in the case of Sn isotopes,
and for 132Ba in the case of Ba isotopes. The actual mea-
surement of the asymmetries is accessible for Sn isotopes
to detect Ar,, to the accuracy of 1-2 %, while it seems
inaccessible for Ca and Ba isotopes in the present ex-
perimental situation. We believe that the measurement
of the asymmetries can become another powerful tool to
detect Ar,, in various nuclei in the near future with an
improved experimental setup.

We add a comment on the case of Pb isotopes. The
charge radii of Pb isotopes have an anomalous kink at
A = 208. The observed charge radii of neutron-deficient
isotopes (A < 208) follow the HF values rather well, while
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those of neutron-rich isotopes (A > 208) show deviations
from the HF values [28]. The relativistic mean-field the-
ory, on the other hand, can provide a good description
of this anomalous kink at A = 208 [29]. Unfortunately,
the stable Pb isotopes are on the lighter side of 208Pb:
A = 202 — 208. The study of the existence of such a
kink at A = 208 in neutron and proton radii by investi-
gating the isotopes on the heavier side is not accessible
by polarized electron scattering for Pb isotopes. Never-
theless, the investigation of Ar,, for the isotopes with
A = 202 — 208 is an interesting subject by itself and can
provide information on neutron distributions in these nu-
clei. The measurement of the asymmetries is possible for
the Pb isotopes in the present experimental situation.

Combined with analyses of (e,e) scattering experi-
ments to get the proton radii of nuclei, one can use the
asymmetries to deduce information on neutron radii of
nuclei, as in the analyses of (p,p) scatterings from nuclei
and atomic parity nonconservation (PNC) measurements
[30]. We hope to get rich information on the mass num-
ber dependence of radii of neutron distributions in nuclei
in various isotopes such as already obtained for charge
radii. In spite of the restriction that the target should
be stable in order to carry out experiments, the study of
the asymmetries in polarized electron scattering can be
a powerful method to investigate the isotope dependence
of Arp, to an accuracy higher than (or comparable to)
other methods. The method of extracting neutron radii
of nuclei from analyses of (p,p) scattering experiments
as well as the atomic PNC measurements is also not free
from this restriction.
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