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Precise nuclear radii: 


 
fundamental nuclear property and input in many fields of physics



Example #1: tests of Standard Model with CKM unitarity

the ISB corrections δC when a nuclear shell-model
approach with Woods-Saxon radial wave functions is
employed [27,28]. Currently, these δC calculations are
the only ones considered to be sufficiently reliable to
evaluate F t values and thus Vud [10]. In the shell-model
approach, the ISB corrections are separated into two
components, δC ¼ δC1 þ δC2. The former is associated
with the configuration mixing within the restricted shell
model space while the latter, known as the radial overlap
correction, is derived from a phenomenological Woods-
Saxon potential and it depends on the nuclear charge
radius Rc.
Since Rcð26mAlÞ was previously unknown, the calcula-

tion of δC2 used Rc ¼ 3.040ð20Þ fm [27], an extrapolation
based on other, known nuclear charge radii. Our exper-
imental result, Rcð26mAlÞ ¼ 3.130ð15Þ fm, deviates from
this extrapolation by 4.5 standard deviations. This signifi-
cantly impacts the radial overlap correction which is
updated to δC2 ¼ 0.310ð14Þ% [55] compared to the pre-
vious 0.280(15) % [10]. The impacts of this sizable change
in δC2 are summarized in Fig. 2(a) and in Table II.
Despite 26mAl being the most accurately studied super-

allowed β emitter, the corrected F t value is shifted by
almost 1 full standard deviation to 3071.4(1.0) s. Its high
precision is maintained but, in terms of Rc in the calculation
of δC, the value now stands on a solid experimental basis.
The updated F t value of 26mAl also affects the F t value,
i.e., the weighted average over all 15 precisely studied
superallowed β emitters, which is shifted by one-half of its
statistical uncertainty, see inset in Fig. 2(a). To our knowl-
edge, this represents the largest shift in the F t value since
2009, see Fig. 2(b). This is a remarkable influence of a
single experimental result on a quantity which is based on
more than 200 individual measurements and which is
dominated in its uncertainty by theoretical corrections.
Accounting for 0.57 s, this statistical uncertainty con-

tains all experimental as well as those theoretical errors
which scatter “randomly” from one superallowed transition
to another. Previously, a single systematic theoretical
uncertainty of 0.36 s due to δ0R had to be added affecting
all superallowed β emitters alike [56]. In these circum-
stances, the shift in the F t value caused by the new charge

radius of 26mAl would have corresponded to ≈40% of its
total uncertainty. In the latest survey of superallowed β
decays [10], however, a systematic theoretical uncertainty
of 1.73 s in δNS was newly introduced, reflecting uncer-
tainties due to previously unaccounted contributions to the
nuclear-structure dependent radiative corrections. This
represents an almost threefold increase of the theoretical
error associated with δNS which now dominates the
uncertainty in the F t value. Considering our new charge
radius of 26mAl, one thus obtains an F t value of
3071.96(1.85) s.
The present work further implies a ΔCKM in the unitarity

test of the first row of the CKM matrix which is brought by
≈1=10σ closer towards unitarity. Although the magnitude
of this change is too small to resolve the tension to CKM
unitarity, it illustrates the importance of a comprehensive
examination of all relevant ingredients to Vud, especially
theoretical corrections which involve nuclear-structure
dependencies such as radiative and ISB corrections. In
terms of δC2, there remain seven superallowed β emitters in
which the nuclear charge radius is experimentally unde-
termined [62,63]. Among those, 10C and 14O are of specific
interest given their sensitivity to the Fierz interference term
which relates to scalar contributions in β decays. Moreover,
it has recently been proposed to constrain models of ISB
corrections by new, more precise measurements of charge
radii in triplets of the isobaric analog states, e.g.,
38Ca-38mK-38Ar [20].

TABLE II. Summary of the rms charge radius Rc, the radial
overlap correction δC2 and the F t value of 26mAl, the weighted
average of the 15 superallowed β emitters F t and the result of the
CKM unitarity test.

Quantity Previous value This Letter

Rc 3.040(20) fm [27] 3.130(15) fm
δC2 0.280(15)% [10] 0.310(14)%
F tð26mAlÞ 3072.4(1.1) s [10] 3071.4(1.0) s
F t 3072.24(1.85) s [10] 3071.96(1.85) s
ΔCKM 152ð70Þ × 10−5 [7] 144ð70Þ × 10−5

(a) (b)

FIG. 2. (a) F t values of the 15 superallowed β emitters used to
determine Vud. The values in black, taken from [10], include
experimental as well as “statistical” theoretical errors. The
previously determined F t value for 26mAl [10] (blue) is compared
to the one (orange) when considering the experimental nuclear
charge radius of the present work. The weighted averages for the
15 superallowed β emitters are shown as horizontal bars in the
inset (without considering additional, systematic theoretical
uncertainties). (b) Evolution of the F t value with statistical
uncertainties in previous reviews [10,56–61] (black) compared to
this Letter (orange). The vertical line to guide the eye corresponds
to the value from 2020 [10].
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Example #2: Neutron skins from parity-violating electron scattering
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violating experiment, a relatively clean measurement is 
achieved by measuring the asymmetry in the cross-sections 
of the scattering of positive and negative-helicity electrons 

 A = −
+

+ −

+ −

σ σ
σ σ

 (1)

from the nucleus. The first run of PREX [4] measured a 
parity-violating asymmetry APV = 656 ± 62 ppm, corre-
sponding to a neutron skin thickness of R Rn p− = −

+0 33 0 16
0 18. .
.  

fm. The central value of this measurement implied that 
neutron stars could have much larger radii than those al-
ready observed (see Figure 1). Conversely, the neutron star 
radius measurements at the time implied a neutron skin for 
208Pb of only 0.15 ± 0.02 fm, with these measurements 
marginally in agreement [8]. The PREX uncertainty was 
3× larger than originally proposed, necessitating a second 
run, PREX-2 [5], which along with CREX [6], is the sub-
ject of this article.

Same Physics, a Whole Lot Closer to Home
As famously proposed by Landau in 1931, neutron 

stars are essentially like giant nuclei. The same particles 
and interactions that occur in the extreme environment of 
a neutron star have to govern the physics of nuclei avail-
able for Earth-based experiments. Most of the known 
properties—such as the density distribution of the nu-
cleus, described by a form factor in momentum space—
relate to the electromagnetic charges, which are carried 
only by the protons and not the neutrons. However, neu-

trons have a maximal weak charge, while the proton’s 
weak charge is very small. Measuring the weak interac-
tions of electrons with nuclei can tell us about the neutron 
distribution in heavy nuclei.

Unfortunately, the weak interaction (exchange of a Z0 
boson) is swamped by the electromagnetic (EM) interaction 
(exchange of a photon) in the electron–nucleus scattering 
process. Unlike charged weak boson exchange, the neutral 
weak interaction is indistinguishable from the exchange of 
a photon because the interacting particles do not change the 
sign of their charges. Luckily, however, the weak force is 
the only known force that violates parity. This provides us 
with a way to distinguish the weak neutral current 
interactions from EM interactions.

The neutron skin is the difference in the root-mean-
squared radii of neutrons and protons that can be determined 
from the neutron and proton density distributions. It is the 
uppermost dilute layer of the nucleus populated primarily 
by neutrons. For a neutron-rich nucleus, such as 208Pb, the 
thickness of the neutron skin is determined by a tug-of-war 
between the surface tension and the difference between the 
symmetry energy at saturation density and at the lower sur-
face density [9], known as the symmetry pressure, often 
denoted by the symbol L. The larger the symmetry pressure 
is, the thicker the neutron skin, and vice versa. It is the same 
pressure, although at a different density, that is responsible 
for the size of a neutron star. Thus, a precise measurement 
of the neutron skin would imply an accurate prediction for 
the radius of a neutron star. Figure 2 shows the weak distri-
bution measured in PREX 2 with the well-known charge 
distribution and the total baryon density.

The parity-violating asymmetry is defined as

 A G Q F Q

F QPV
F w
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!
" #
" #

2 2

22 2$%
 (2)

where Q2 is the four-momentum transfer squared, GF is the 
Fermi constant, α is the fine structure constant, and Fw and 
Fch are weak and charge form factors, respectively. Given 
that the charge form factors F Qch

2! "  are very well known, 
one can use the Standard Model value of sin2 θW to obtain 
the weak form factor F Qw

2( ). In order to go from the par-
ity-violating asymmetry to the weak density, one must first 
extract the neutral form factor at a specific momentum 
transfer, q = Q2. For this, it is necessary to take into account 
both the Coulomb distortion calculations, as well as small 
corrections due to the neutron and strange electric form fac-
tors and meson-exchange corrections. Because the weak 
form factor is the Fourier transform of the weak charge den-
sity, using the mean-field models one can extract the full 

Figure 1. Mass-versus-Radius relation predicted by sev-
eral nuclear models that are consistent with the value of the 
neutron skin measured by PREX. The figure is taken from 
Ref. [7]. 
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backgrounds and corrections associated with each of the two halves of 
the experiment, are provided in Methods.

The asymmetry measurement results are Aep = −223.5 ± 15.0 
(statistical) ± 10.1 (systematic) p.p.b. in the first half of the experi-
ment, and Aep = −227.2 ± 8.3 (statistical) ± 5.6 (systematic) p.p.b. in 
the second half. These values are in excellent agreement with each 
other and consistent with our previously published commissioning 
result3. Accounting for correlations in some systematic uncertainties  
between the two measurement periods, the combined result is 
Aep = −226.5 ± 7.3 (statistical) ± 5.8 (systematic) p.p.b. The total 
uncertainty achieved (9.3 p.p.b.) sets a new level of precision for  
parity-violating electron scattering (PVES) from a nucleus.

The relationship between the measured asymmetries Aep and the 
proton’s weak charge Qw

p  is expressed by equation (3), where the  
hadronic-structure-dependent term B(Q2, θ) grows with the momen-
tum transfer Q2. Higher-Q2 data from previous PVES experiments (see 
online references, Methods) were included in a global fit3,7,8 to con-
strain the proton-structure contributions for the short extrapolation 
from our datum to Q2 = 0 in order to determine Qw

p, the intercept of 
equation (3). The average Q2 of this experiment (0.0248 GeV2 c−2) is 
much smaller than that of any other PVES experiments used in this fit, 
with correspondingly smaller contributions from the proton structure. 
The superior precision of the Qweak measurement tightly constrains the 
fit near Q2 = 0, where the connection to Qw

p can be made.
The parameters of the global fit3,7,8 to the PVES data are the  

axial-electron–vector-quark weak-coupling constants C1u and C1d, the 
strange charge radius ρs and strange magnetic moment µs (which char-
acterize the strength of the proton’s electric and magnetic strange-quark 
form factors) and the strength of the neutral weak (Z0 exchange) isovector  
(T = 1) axial form factor =G Z T

A
( 1). The EM form factors GE and GM used 

in the fit were taken from ref. 9; uncertainties in this input were 
accounted for in the result for Qw

p and in its uncertainty.
The ep asymmetries shown in Fig. 2 were corrected1,3 for the energy- 

dependent part of the γZ-box weak radiative correction10–13 and its 
uncertainty. No other electroweak radiative corrections need to be 
applied to determine Qw

p. However, ordinary electromagnetic radiative 
corrections (bremsstrahlung) were accounted for in the asymmetries 
used in the fit, including our datum. Details of the fitting procedure, as 

well as a description of the corrections applied to the asymmetry for 
this experiment, are described in Methods.

The global fit is shown in Fig. 2 together with the ep data, expressed 
as Aep(Q2, θ = 0)/Α0. To isolate the Q2 dependence for this figure,  
the θ dimension was projected to 0° by subtracting [Acalc(Q2, θ) −  
Acalc(Q2, θ = 0)] from the measured asymmetries Aep(Q2, θ), as 
described in refs 3,8. Here Acalc refers to the asymmetries determined 
from the global fit. The fit includes all relevant PVES data for the 
scattering of polarized electrons on protons (ep), deuterons (e2H) and 
4He (e4He); see Methods. The PVES database provides a data-driven 
(as opposed to a more theoretical) constraint on the nucleon structure 
uncertainties in the extrapolation to Q2 = 0. We consider this to be 
the best method to provide our main result (denoted in Table 1 as 

e

e

J

J

p
Z0

Z0

Fig. 1 | Parity-violating electron scattering from the proton. An 
incoming electron, e, with helicity +1 scatters away from the plane of  
the ‘parity-violating mirror’. The image in the parity-violating mirror 
shows the incoming electron with the opposite helicity, −1; instead of 
scattering into the plane of the parity-violating mirror (as it would in a  
real mirror), it scatters out of the plane of the parity-violating mirror.  
The dominant electromagnetic interaction, mediated by the photon  
(γ, blue wavy line), conserves parity. The weak interaction, mediated 
by the neutral Z0 boson (dashed red line), violates parity. The weak 
interaction is studied experimentally by exploiting parity violation through 
reversals of the incident-beam helicity, which mimic the parity-violating 
mirror ‘reflection’.
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Fig. 2 | The reduced asymmetry θ= / = +A A Q Q B Q 0( , )ep 0 w
p 2 2  versus Q2.  

The global fit is illustrated using ep asymmetries from this experiment 
(Qweak 2018), from the commissioning phase of this experiment3 (Qweak 
2013), as well as from the earlier experiments HAPPEX, SAMPLE, PVA4 
and G0 (see Methods), projected to θ = 0° and reduced by a factor A0(Q2) 
appropriate for each datum. The data shown here include the γZ-box 
radiative correction and uncertainty. Inner error bars correspond to one 
standard deviation (s.d.) and include statistical and systematic uncertainties. 
Outer error bars on the data indicate the additional uncertainty estimated 
from the forward-angle projection (for some data points, inner and outer 
error bars coincide). The solid line represents the global fit to the complete 
PVES database (see Methods), and the yellow band indicates the fit 
uncertainty (1 s.d.). The arrowhead at Q2 = 0 indicates the standard-model 
prediction2, = .Q 0 0708(3)w

p , which agrees well with the intercept of the fit 
( = . ± .Q 0 0719 0 0045w

p ). The inset shows a magnification of the region 
around this experiment’s result, at 〈 〉 = . −Q c0 0248 GeV2 2 2.

Table 1 | Results extracted from the asymmetry measured in the 
Qweak experiment

Method Quantity Value Error

PVES fit Qw
p 0.0719 0.0045

ρs 0.20 0.11
µs −0.19 0.14

=GZ T
A

( 1) −0.64 0.30
PVES fit + APV Qw

p 0.0718 0.0044
Qw

n −0.9808 0.0063
C1u −0.1874 0.0022
C1d 0.3389 0.0025
C1 correlation −0.9318

PVES fit + LQCD Qw
p 0.0685 0.0038

Qweak datum only Qw
p 0.0706 0.0047

Standard model Qw
p 0.0708 0.0003

‘PVES fit’ refers to a global fit incorporating the Qweak result and the PVES database, as described 
in Methods. When combined with APV14,15 (to improve the C1d precision), this method is denoted 
as ‘PVES fit + APV’. If the strange form factors in the global fit (without APV) are constrained to 
match LQCD calculations16, we label the result as ‘PVES fit + LQCD’. The method labelled ‘Qweak 
datum only’ uses the Qweak datum, together with electromagnetic9, strange16 and axial18 form 
factors from the literature in lieu of the global fit. Uncertainties are 1 s.d.
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violating experiment, a relatively clean measurement is 
achieved by measuring the asymmetry in the cross-sections 
of the scattering of positive and negative-helicity electrons 

 A = −
+

+ −

+ −

σ σ
σ σ

 (1)

from the nucleus. The first run of PREX [4] measured a 
parity-violating asymmetry APV = 656 ± 62 ppm, corre-
sponding to a neutron skin thickness of R Rn p− = −

+0 33 0 16
0 18. .
.  

fm. The central value of this measurement implied that 
neutron stars could have much larger radii than those al-
ready observed (see Figure 1). Conversely, the neutron star 
radius measurements at the time implied a neutron skin for 
208Pb of only 0.15 ± 0.02 fm, with these measurements 
marginally in agreement [8]. The PREX uncertainty was 
3× larger than originally proposed, necessitating a second 
run, PREX-2 [5], which along with CREX [6], is the sub-
ject of this article.

Same Physics, a Whole Lot Closer to Home
As famously proposed by Landau in 1931, neutron 

stars are essentially like giant nuclei. The same particles 
and interactions that occur in the extreme environment of 
a neutron star have to govern the physics of nuclei avail-
able for Earth-based experiments. Most of the known 
properties—such as the density distribution of the nu-
cleus, described by a form factor in momentum space—
relate to the electromagnetic charges, which are carried 
only by the protons and not the neutrons. However, neu-

trons have a maximal weak charge, while the proton’s 
weak charge is very small. Measuring the weak interac-
tions of electrons with nuclei can tell us about the neutron 
distribution in heavy nuclei.

Unfortunately, the weak interaction (exchange of a Z0 
boson) is swamped by the electromagnetic (EM) interaction 
(exchange of a photon) in the electron–nucleus scattering 
process. Unlike charged weak boson exchange, the neutral 
weak interaction is indistinguishable from the exchange of 
a photon because the interacting particles do not change the 
sign of their charges. Luckily, however, the weak force is 
the only known force that violates parity. This provides us 
with a way to distinguish the weak neutral current 
interactions from EM interactions.

The neutron skin is the difference in the root-mean-
squared radii of neutrons and protons that can be determined 
from the neutron and proton density distributions. It is the 
uppermost dilute layer of the nucleus populated primarily 
by neutrons. For a neutron-rich nucleus, such as 208Pb, the 
thickness of the neutron skin is determined by a tug-of-war 
between the surface tension and the difference between the 
symmetry energy at saturation density and at the lower sur-
face density [9], known as the symmetry pressure, often 
denoted by the symbol L. The larger the symmetry pressure 
is, the thicker the neutron skin, and vice versa. It is the same 
pressure, although at a different density, that is responsible 
for the size of a neutron star. Thus, a precise measurement 
of the neutron skin would imply an accurate prediction for 
the radius of a neutron star. Figure 2 shows the weak distri-
bution measured in PREX 2 with the well-known charge 
distribution and the total baryon density.

The parity-violating asymmetry is defined as

 A G Q F Q

F QPV
F w

ch

!
" #
" #

2 2

22 2$%
 (2)

where Q2 is the four-momentum transfer squared, GF is the 
Fermi constant, α is the fine structure constant, and Fw and 
Fch are weak and charge form factors, respectively. Given 
that the charge form factors F Qch

2! "  are very well known, 
one can use the Standard Model value of sin2 θW to obtain 
the weak form factor F Qw

2( ). In order to go from the par-
ity-violating asymmetry to the weak density, one must first 
extract the neutral form factor at a specific momentum 
transfer, q = Q2. For this, it is necessary to take into account 
both the Coulomb distortion calculations, as well as small 
corrections due to the neutron and strange electric form fac-
tors and meson-exchange corrections. Because the weak 
form factor is the Fourier transform of the weak charge den-
sity, using the mean-field models one can extract the full 

Figure 1. Mass-versus-Radius relation predicted by sev-
eral nuclear models that are consistent with the value of the 
neutron skin measured by PREX. The figure is taken from 
Ref. [7]. 
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backgrounds and corrections associated with each of the two halves of 
the experiment, are provided in Methods.

The asymmetry measurement results are Aep = −223.5 ± 15.0 
(statistical) ± 10.1 (systematic) p.p.b. in the first half of the experi-
ment, and Aep = −227.2 ± 8.3 (statistical) ± 5.6 (systematic) p.p.b. in 
the second half. These values are in excellent agreement with each 
other and consistent with our previously published commissioning 
result3. Accounting for correlations in some systematic uncertainties  
between the two measurement periods, the combined result is 
Aep = −226.5 ± 7.3 (statistical) ± 5.8 (systematic) p.p.b. The total 
uncertainty achieved (9.3 p.p.b.) sets a new level of precision for  
parity-violating electron scattering (PVES) from a nucleus.

The relationship between the measured asymmetries Aep and the 
proton’s weak charge Qw

p  is expressed by equation (3), where the  
hadronic-structure-dependent term B(Q2, θ) grows with the momen-
tum transfer Q2. Higher-Q2 data from previous PVES experiments (see 
online references, Methods) were included in a global fit3,7,8 to con-
strain the proton-structure contributions for the short extrapolation 
from our datum to Q2 = 0 in order to determine Qw

p, the intercept of 
equation (3). The average Q2 of this experiment (0.0248 GeV2 c−2) is 
much smaller than that of any other PVES experiments used in this fit, 
with correspondingly smaller contributions from the proton structure. 
The superior precision of the Qweak measurement tightly constrains the 
fit near Q2 = 0, where the connection to Qw

p can be made.
The parameters of the global fit3,7,8 to the PVES data are the  

axial-electron–vector-quark weak-coupling constants C1u and C1d, the 
strange charge radius ρs and strange magnetic moment µs (which char-
acterize the strength of the proton’s electric and magnetic strange-quark 
form factors) and the strength of the neutral weak (Z0 exchange) isovector  
(T = 1) axial form factor =G Z T

A
( 1). The EM form factors GE and GM used 

in the fit were taken from ref. 9; uncertainties in this input were 
accounted for in the result for Qw

p and in its uncertainty.
The ep asymmetries shown in Fig. 2 were corrected1,3 for the energy- 

dependent part of the γZ-box weak radiative correction10–13 and its 
uncertainty. No other electroweak radiative corrections need to be 
applied to determine Qw

p. However, ordinary electromagnetic radiative 
corrections (bremsstrahlung) were accounted for in the asymmetries 
used in the fit, including our datum. Details of the fitting procedure, as 

well as a description of the corrections applied to the asymmetry for 
this experiment, are described in Methods.

The global fit is shown in Fig. 2 together with the ep data, expressed 
as Aep(Q2, θ = 0)/Α0. To isolate the Q2 dependence for this figure,  
the θ dimension was projected to 0° by subtracting [Acalc(Q2, θ) −  
Acalc(Q2, θ = 0)] from the measured asymmetries Aep(Q2, θ), as 
described in refs 3,8. Here Acalc refers to the asymmetries determined 
from the global fit. The fit includes all relevant PVES data for the 
scattering of polarized electrons on protons (ep), deuterons (e2H) and 
4He (e4He); see Methods. The PVES database provides a data-driven 
(as opposed to a more theoretical) constraint on the nucleon structure 
uncertainties in the extrapolation to Q2 = 0. We consider this to be 
the best method to provide our main result (denoted in Table 1 as 
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Fig. 1 | Parity-violating electron scattering from the proton. An 
incoming electron, e, with helicity +1 scatters away from the plane of  
the ‘parity-violating mirror’. The image in the parity-violating mirror 
shows the incoming electron with the opposite helicity, −1; instead of 
scattering into the plane of the parity-violating mirror (as it would in a  
real mirror), it scatters out of the plane of the parity-violating mirror.  
The dominant electromagnetic interaction, mediated by the photon  
(γ, blue wavy line), conserves parity. The weak interaction, mediated 
by the neutral Z0 boson (dashed red line), violates parity. The weak 
interaction is studied experimentally by exploiting parity violation through 
reversals of the incident-beam helicity, which mimic the parity-violating 
mirror ‘reflection’.
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Fig. 2 | The reduced asymmetry θ= / = +A A Q Q B Q 0( , )ep 0 w
p 2 2  versus Q2.  

The global fit is illustrated using ep asymmetries from this experiment 
(Qweak 2018), from the commissioning phase of this experiment3 (Qweak 
2013), as well as from the earlier experiments HAPPEX, SAMPLE, PVA4 
and G0 (see Methods), projected to θ = 0° and reduced by a factor A0(Q2) 
appropriate for each datum. The data shown here include the γZ-box 
radiative correction and uncertainty. Inner error bars correspond to one 
standard deviation (s.d.) and include statistical and systematic uncertainties. 
Outer error bars on the data indicate the additional uncertainty estimated 
from the forward-angle projection (for some data points, inner and outer 
error bars coincide). The solid line represents the global fit to the complete 
PVES database (see Methods), and the yellow band indicates the fit 
uncertainty (1 s.d.). The arrowhead at Q2 = 0 indicates the standard-model 
prediction2, = .Q 0 0708(3)w

p , which agrees well with the intercept of the fit 
( = . ± .Q 0 0719 0 0045w

p ). The inset shows a magnification of the region 
around this experiment’s result, at 〈 〉 = . −Q c0 0248 GeV2 2 2.

Table 1 | Results extracted from the asymmetry measured in the 
Qweak experiment

Method Quantity Value Error

PVES fit Qw
p 0.0719 0.0045

ρs 0.20 0.11
µs −0.19 0.14

=GZ T
A

( 1) −0.64 0.30
PVES fit + APV Qw

p 0.0718 0.0044
Qw

n −0.9808 0.0063
C1u −0.1874 0.0022
C1d 0.3389 0.0025
C1 correlation −0.9318

PVES fit + LQCD Qw
p 0.0685 0.0038

Qweak datum only Qw
p 0.0706 0.0047

Standard model Qw
p 0.0708 0.0003

‘PVES fit’ refers to a global fit incorporating the Qweak result and the PVES database, as described 
in Methods. When combined with APV14,15 (to improve the C1d precision), this method is denoted 
as ‘PVES fit + APV’. If the strange form factors in the global fit (without APV) are constrained to 
match LQCD calculations16, we label the result as ‘PVES fit + LQCD’. The method labelled ‘Qweak 
datum only’ uses the Qweak datum, together with electromagnetic9, strange16 and axial18 form 
factors from the literature in lieu of the global fit. Uncertainties are 1 s.d.
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the relationship between energy density and pressure in 
nuclear matter. Consequently, despite being vastly different 
in size by 18 orders of magnitude, the determination of their 
radii relies on the same physics that governs the neutron 
skin thickness of neutron-rich nuclei.

Observationally, one can estimate the radius of a neutron 
star using the black body radiation emitted from its surface. 
Although determining neutron star radii via photometric 
methods is challenging due to significant systematic uncer-
tainties stemming from distance measurements and distor-
tions to the black body spectrum caused by a thin stellar at-
mosphere, nevertheless rapid progress is being made on this 
front through a better understanding of these uncertainties, 
and the implementation of robust statistical methods [2].

Alternatively, the moment of inertia of a neutron star, 
which scales with the square of its radius, can also be mea-
sured in the future through timing observations, offering a 
greater sensitivity to the nuclear equation of state [15]. Fur-
thermore, recent advancements in gravitational wave as-
tronomy have introduced a powerful new method for mea-
suring the bulk properties of neutron stars. The first direct 
detection of gravitational waves from a binary neutron star 
merger, known as GW170817, by the LIGO and Virgo col-
laborations in 2017 [3], has provided fundamental insights 
into the nature of dense matter.

In particular, the gravitational wave signals contained 
information on the tidal polarizability of neutron stars, de-
noted by Λ. Tidal polarizability scales as the fifth power of 
the stellar radius and is therefore highly sensitive to sym-
metry pressure. The constraints on the neutron skin pro-
vided by the PREX experiments aligned with the values 
obtained through this observation (see Figure 4). In particu-
lar, a combined analysis showed overly large neutron skins 
and neutron stars are ruled out [14].

And the Plot (If Not the Neutron Skin) Thickens
The Coulomb corrections are well understood, and the 

other corrections for PREX are also well understood. But 
CREX has a bigger surface to volume ratio, and was also 
forced to run at a nonoptimal Q2 where the model differ-
ences in the charge and weak form factors are smaller, mak-
ing it more difficult to distinguish between models. In addi-
tion, CREX is accurate enough to be sensitive to spin-orbit 
corrections as well as meson exchange currents in 48Ca. 
PREX-2 measured a parity-violating asymmetry

 APV ppm= ±550 18  (3)

at a momentum transfer squared of Q2 = 0.00616 GeV2/c2, 
corresponding to a neutron skin thickness of

 R Rn p fm− = ±0 278 0 08. .  (4)

confirming the relatively large neutron skin measured in the first 
run, with a much smaller uncertainty. The central baryon density 
determined from the measurement of the neutron density  
distribution combined with the well-known proton density is 

 ρb = ± −0 1482 0 0040 3. . fm  (5)

CREX measured a parity-violating asymmetry
 APV ppb= ±2658 6 113 2. .  (6)

at Q2 = 0.0297 GeV2/c2, corresponding to (with theory cor-
rection estimates) a surprisingly small neutron skin thick-
ness of
 R Rn p− = ±0 121 0 035. . fm (7)

could go after a surprisingly small neutron skin thickness  
of [6]. This implied that the symmetry pressure should be 
much smaller than previously predicted. However, this in-
terpretation is highly model-dependent and requires more 
accurate spin-orbit and meson exchange current correc-
tions. It became immediately challenging for many energy 
density functionals (EDFs) to reproduce both the CREX 
result of a thin skin in 48Ca and the PREX result of a rela-
tively thick skin in 208Pb. <end > Thus, the physics output 
from PREX/CREX—the contrasting neutron skin thick-
nesses observed in two nuclei—highlights the nuanced 
complexities of nuclear structure and the ongoing endeavor 

Figure 4. Neutron star observables as a function of neu-
tron skin thickness in 208 Pb as predicted by the set of en-
ergy density functionals. The figure is taken from Ref. [14]. 
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the relationship between energy density and pressure in 
nuclear matter. Consequently, despite being vastly different 
in size by 18 orders of magnitude, the determination of their 
radii relies on the same physics that governs the neutron 
skin thickness of neutron-rich nuclei.

Observationally, one can estimate the radius of a neutron 
star using the black body radiation emitted from its surface. 
Although determining neutron star radii via photometric 
methods is challenging due to significant systematic uncer-
tainties stemming from distance measurements and distor-
tions to the black body spectrum caused by a thin stellar at-
mosphere, nevertheless rapid progress is being made on this 
front through a better understanding of these uncertainties, 
and the implementation of robust statistical methods [2].

Alternatively, the moment of inertia of a neutron star, 
which scales with the square of its radius, can also be mea-
sured in the future through timing observations, offering a 
greater sensitivity to the nuclear equation of state [15]. Fur-
thermore, recent advancements in gravitational wave as-
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detection of gravitational waves from a binary neutron star 
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into the nature of dense matter.
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information on the tidal polarizability of neutron stars, de-
noted by Λ. Tidal polarizability scales as the fifth power of 
the stellar radius and is therefore highly sensitive to sym-
metry pressure. The constraints on the neutron skin pro-
vided by the PREX experiments aligned with the values 
obtained through this observation (see Figure 4). In particu-
lar, a combined analysis showed overly large neutron skins 
and neutron stars are ruled out [14].

And the Plot (If Not the Neutron Skin) Thickens
The Coulomb corrections are well understood, and the 

other corrections for PREX are also well understood. But 
CREX has a bigger surface to volume ratio, and was also 
forced to run at a nonoptimal Q2 where the model differ-
ences in the charge and weak form factors are smaller, mak-
ing it more difficult to distinguish between models. In addi-
tion, CREX is accurate enough to be sensitive to spin-orbit 
corrections as well as meson exchange currents in 48Ca. 
PREX-2 measured a parity-violating asymmetry

 APV ppm= ±550 18  (3)

at a momentum transfer squared of Q2 = 0.00616 GeV2/c2, 
corresponding to a neutron skin thickness of

 R Rn p fm− = ±0 278 0 08. .  (4)

confirming the relatively large neutron skin measured in the first 
run, with a much smaller uncertainty. The central baryon density 
determined from the measurement of the neutron density  
distribution combined with the well-known proton density is 

 ρb = ± −0 1482 0 0040 3. . fm  (5)

CREX measured a parity-violating asymmetry
 APV ppb= ±2658 6 113 2. .  (6)

at Q2 = 0.0297 GeV2/c2, corresponding to (with theory cor-
rection estimates) a surprisingly small neutron skin thick-
ness of
 R Rn p− = ±0 121 0 035. . fm (7)

could go after a surprisingly small neutron skin thickness  
of [6]. This implied that the symmetry pressure should be 
much smaller than previously predicted. However, this in-
terpretation is highly model-dependent and requires more 
accurate spin-orbit and meson exchange current correc-
tions. It became immediately challenging for many energy 
density functionals (EDFs) to reproduce both the CREX 
result of a thin skin in 48Ca and the PREX result of a rela-
tively thick skin in 208Pb. <end > Thus, the physics output 
from PREX/CREX—the contrasting neutron skin thick-
nesses observed in two nuclei—highlights the nuanced 
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violating experiment, a relatively clean measurement is 
achieved by measuring the asymmetry in the cross-sections 
of the scattering of positive and negative-helicity electrons 

 A = −
+

+ −

+ −

σ σ
σ σ

 (1)

from the nucleus. The first run of PREX [4] measured a 
parity-violating asymmetry APV = 656 ± 62 ppm, corre-
sponding to a neutron skin thickness of R Rn p− = −

+0 33 0 16
0 18. .
.  

fm. The central value of this measurement implied that 
neutron stars could have much larger radii than those al-
ready observed (see Figure 1). Conversely, the neutron star 
radius measurements at the time implied a neutron skin for 
208Pb of only 0.15 ± 0.02 fm, with these measurements 
marginally in agreement [8]. The PREX uncertainty was 
3× larger than originally proposed, necessitating a second 
run, PREX-2 [5], which along with CREX [6], is the sub-
ject of this article.

Same Physics, a Whole Lot Closer to Home
As famously proposed by Landau in 1931, neutron 

stars are essentially like giant nuclei. The same particles 
and interactions that occur in the extreme environment of 
a neutron star have to govern the physics of nuclei avail-
able for Earth-based experiments. Most of the known 
properties—such as the density distribution of the nu-
cleus, described by a form factor in momentum space—
relate to the electromagnetic charges, which are carried 
only by the protons and not the neutrons. However, neu-

trons have a maximal weak charge, while the proton’s 
weak charge is very small. Measuring the weak interac-
tions of electrons with nuclei can tell us about the neutron 
distribution in heavy nuclei.

Unfortunately, the weak interaction (exchange of a Z0 
boson) is swamped by the electromagnetic (EM) interaction 
(exchange of a photon) in the electron–nucleus scattering 
process. Unlike charged weak boson exchange, the neutral 
weak interaction is indistinguishable from the exchange of 
a photon because the interacting particles do not change the 
sign of their charges. Luckily, however, the weak force is 
the only known force that violates parity. This provides us 
with a way to distinguish the weak neutral current 
interactions from EM interactions.

The neutron skin is the difference in the root-mean-
squared radii of neutrons and protons that can be determined 
from the neutron and proton density distributions. It is the 
uppermost dilute layer of the nucleus populated primarily 
by neutrons. For a neutron-rich nucleus, such as 208Pb, the 
thickness of the neutron skin is determined by a tug-of-war 
between the surface tension and the difference between the 
symmetry energy at saturation density and at the lower sur-
face density [9], known as the symmetry pressure, often 
denoted by the symbol L. The larger the symmetry pressure 
is, the thicker the neutron skin, and vice versa. It is the same 
pressure, although at a different density, that is responsible 
for the size of a neutron star. Thus, a precise measurement 
of the neutron skin would imply an accurate prediction for 
the radius of a neutron star. Figure 2 shows the weak distri-
bution measured in PREX 2 with the well-known charge 
distribution and the total baryon density.

The parity-violating asymmetry is defined as
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where Q2 is the four-momentum transfer squared, GF is the 
Fermi constant, α is the fine structure constant, and Fw and 
Fch are weak and charge form factors, respectively. Given 
that the charge form factors F Qch

2! "  are very well known, 
one can use the Standard Model value of sin2 θW to obtain 
the weak form factor F Qw

2( ). In order to go from the par-
ity-violating asymmetry to the weak density, one must first 
extract the neutral form factor at a specific momentum 
transfer, q = Q2. For this, it is necessary to take into account 
both the Coulomb distortion calculations, as well as small 
corrections due to the neutron and strange electric form fac-
tors and meson-exchange corrections. Because the weak 
form factor is the Fourier transform of the weak charge den-
sity, using the mean-field models one can extract the full 

Figure 1. Mass-versus-Radius relation predicted by sev-
eral nuclear models that are consistent with the value of the 
neutron skin measured by PREX. The figure is taken from 
Ref. [7]. 
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backgrounds and corrections associated with each of the two halves of 
the experiment, are provided in Methods.

The asymmetry measurement results are Aep = −223.5 ± 15.0 
(statistical) ± 10.1 (systematic) p.p.b. in the first half of the experi-
ment, and Aep = −227.2 ± 8.3 (statistical) ± 5.6 (systematic) p.p.b. in 
the second half. These values are in excellent agreement with each 
other and consistent with our previously published commissioning 
result3. Accounting for correlations in some systematic uncertainties  
between the two measurement periods, the combined result is 
Aep = −226.5 ± 7.3 (statistical) ± 5.8 (systematic) p.p.b. The total 
uncertainty achieved (9.3 p.p.b.) sets a new level of precision for  
parity-violating electron scattering (PVES) from a nucleus.

The relationship between the measured asymmetries Aep and the 
proton’s weak charge Qw

p  is expressed by equation (3), where the  
hadronic-structure-dependent term B(Q2, θ) grows with the momen-
tum transfer Q2. Higher-Q2 data from previous PVES experiments (see 
online references, Methods) were included in a global fit3,7,8 to con-
strain the proton-structure contributions for the short extrapolation 
from our datum to Q2 = 0 in order to determine Qw

p, the intercept of 
equation (3). The average Q2 of this experiment (0.0248 GeV2 c−2) is 
much smaller than that of any other PVES experiments used in this fit, 
with correspondingly smaller contributions from the proton structure. 
The superior precision of the Qweak measurement tightly constrains the 
fit near Q2 = 0, where the connection to Qw

p can be made.
The parameters of the global fit3,7,8 to the PVES data are the  

axial-electron–vector-quark weak-coupling constants C1u and C1d, the 
strange charge radius ρs and strange magnetic moment µs (which char-
acterize the strength of the proton’s electric and magnetic strange-quark 
form factors) and the strength of the neutral weak (Z0 exchange) isovector  
(T = 1) axial form factor =G Z T

A
( 1). The EM form factors GE and GM used 

in the fit were taken from ref. 9; uncertainties in this input were 
accounted for in the result for Qw

p and in its uncertainty.
The ep asymmetries shown in Fig. 2 were corrected1,3 for the energy- 

dependent part of the γZ-box weak radiative correction10–13 and its 
uncertainty. No other electroweak radiative corrections need to be 
applied to determine Qw

p. However, ordinary electromagnetic radiative 
corrections (bremsstrahlung) were accounted for in the asymmetries 
used in the fit, including our datum. Details of the fitting procedure, as 

well as a description of the corrections applied to the asymmetry for 
this experiment, are described in Methods.

The global fit is shown in Fig. 2 together with the ep data, expressed 
as Aep(Q2, θ = 0)/Α0. To isolate the Q2 dependence for this figure,  
the θ dimension was projected to 0° by subtracting [Acalc(Q2, θ) −  
Acalc(Q2, θ = 0)] from the measured asymmetries Aep(Q2, θ), as 
described in refs 3,8. Here Acalc refers to the asymmetries determined 
from the global fit. The fit includes all relevant PVES data for the 
scattering of polarized electrons on protons (ep), deuterons (e2H) and 
4He (e4He); see Methods. The PVES database provides a data-driven 
(as opposed to a more theoretical) constraint on the nucleon structure 
uncertainties in the extrapolation to Q2 = 0. We consider this to be 
the best method to provide our main result (denoted in Table 1 as 
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Fig. 1 | Parity-violating electron scattering from the proton. An 
incoming electron, e, with helicity +1 scatters away from the plane of  
the ‘parity-violating mirror’. The image in the parity-violating mirror 
shows the incoming electron with the opposite helicity, −1; instead of 
scattering into the plane of the parity-violating mirror (as it would in a  
real mirror), it scatters out of the plane of the parity-violating mirror.  
The dominant electromagnetic interaction, mediated by the photon  
(γ, blue wavy line), conserves parity. The weak interaction, mediated 
by the neutral Z0 boson (dashed red line), violates parity. The weak 
interaction is studied experimentally by exploiting parity violation through 
reversals of the incident-beam helicity, which mimic the parity-violating 
mirror ‘reflection’.
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The global fit is illustrated using ep asymmetries from this experiment 
(Qweak 2018), from the commissioning phase of this experiment3 (Qweak 
2013), as well as from the earlier experiments HAPPEX, SAMPLE, PVA4 
and G0 (see Methods), projected to θ = 0° and reduced by a factor A0(Q2) 
appropriate for each datum. The data shown here include the γZ-box 
radiative correction and uncertainty. Inner error bars correspond to one 
standard deviation (s.d.) and include statistical and systematic uncertainties. 
Outer error bars on the data indicate the additional uncertainty estimated 
from the forward-angle projection (for some data points, inner and outer 
error bars coincide). The solid line represents the global fit to the complete 
PVES database (see Methods), and the yellow band indicates the fit 
uncertainty (1 s.d.). The arrowhead at Q2 = 0 indicates the standard-model 
prediction2, = .Q 0 0708(3)w

p , which agrees well with the intercept of the fit 
( = . ± .Q 0 0719 0 0045w

p ). The inset shows a magnification of the region 
around this experiment’s result, at 〈 〉 = . −Q c0 0248 GeV2 2 2.

Table 1 | Results extracted from the asymmetry measured in the 
Qweak experiment

Method Quantity Value Error

PVES fit Qw
p 0.0719 0.0045

ρs 0.20 0.11
µs −0.19 0.14

=GZ T
A

( 1) −0.64 0.30
PVES fit + APV Qw

p 0.0718 0.0044
Qw

n −0.9808 0.0063
C1u −0.1874 0.0022
C1d 0.3389 0.0025
C1 correlation −0.9318

PVES fit + LQCD Qw
p 0.0685 0.0038

Qweak datum only Qw
p 0.0706 0.0047

Standard model Qw
p 0.0708 0.0003

‘PVES fit’ refers to a global fit incorporating the Qweak result and the PVES database, as described 
in Methods. When combined with APV14,15 (to improve the C1d precision), this method is denoted 
as ‘PVES fit + APV’. If the strange form factors in the global fit (without APV) are constrained to 
match LQCD calculations16, we label the result as ‘PVES fit + LQCD’. The method labelled ‘Qweak 
datum only’ uses the Qweak datum, together with electromagnetic9, strange16 and axial18 form 
factors from the literature in lieu of the global fit. Uncertainties are 1 s.d.
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the relationship between energy density and pressure in 
nuclear matter. Consequently, despite being vastly different 
in size by 18 orders of magnitude, the determination of their 
radii relies on the same physics that governs the neutron 
skin thickness of neutron-rich nuclei.

Observationally, one can estimate the radius of a neutron 
star using the black body radiation emitted from its surface. 
Although determining neutron star radii via photometric 
methods is challenging due to significant systematic uncer-
tainties stemming from distance measurements and distor-
tions to the black body spectrum caused by a thin stellar at-
mosphere, nevertheless rapid progress is being made on this 
front through a better understanding of these uncertainties, 
and the implementation of robust statistical methods [2].

Alternatively, the moment of inertia of a neutron star, 
which scales with the square of its radius, can also be mea-
sured in the future through timing observations, offering a 
greater sensitivity to the nuclear equation of state [15]. Fur-
thermore, recent advancements in gravitational wave as-
tronomy have introduced a powerful new method for mea-
suring the bulk properties of neutron stars. The first direct 
detection of gravitational waves from a binary neutron star 
merger, known as GW170817, by the LIGO and Virgo col-
laborations in 2017 [3], has provided fundamental insights 
into the nature of dense matter.

In particular, the gravitational wave signals contained 
information on the tidal polarizability of neutron stars, de-
noted by Λ. Tidal polarizability scales as the fifth power of 
the stellar radius and is therefore highly sensitive to sym-
metry pressure. The constraints on the neutron skin pro-
vided by the PREX experiments aligned with the values 
obtained through this observation (see Figure 4). In particu-
lar, a combined analysis showed overly large neutron skins 
and neutron stars are ruled out [14].

And the Plot (If Not the Neutron Skin) Thickens
The Coulomb corrections are well understood, and the 

other corrections for PREX are also well understood. But 
CREX has a bigger surface to volume ratio, and was also 
forced to run at a nonoptimal Q2 where the model differ-
ences in the charge and weak form factors are smaller, mak-
ing it more difficult to distinguish between models. In addi-
tion, CREX is accurate enough to be sensitive to spin-orbit 
corrections as well as meson exchange currents in 48Ca. 
PREX-2 measured a parity-violating asymmetry

 APV ppm= ±550 18  (3)

at a momentum transfer squared of Q2 = 0.00616 GeV2/c2, 
corresponding to a neutron skin thickness of

 R Rn p fm− = ±0 278 0 08. .  (4)

confirming the relatively large neutron skin measured in the first 
run, with a much smaller uncertainty. The central baryon density 
determined from the measurement of the neutron density  
distribution combined with the well-known proton density is 

 ρb = ± −0 1482 0 0040 3. . fm  (5)

CREX measured a parity-violating asymmetry
 APV ppb= ±2658 6 113 2. .  (6)

at Q2 = 0.0297 GeV2/c2, corresponding to (with theory cor-
rection estimates) a surprisingly small neutron skin thick-
ness of
 R Rn p− = ±0 121 0 035. . fm (7)

could go after a surprisingly small neutron skin thickness  
of [6]. This implied that the symmetry pressure should be 
much smaller than previously predicted. However, this in-
terpretation is highly model-dependent and requires more 
accurate spin-orbit and meson exchange current correc-
tions. It became immediately challenging for many energy 
density functionals (EDFs) to reproduce both the CREX 
result of a thin skin in 48Ca and the PREX result of a rela-
tively thick skin in 208Pb. <end > Thus, the physics output 
from PREX/CREX—the contrasting neutron skin thick-
nesses observed in two nuclei—highlights the nuanced 
complexities of nuclear structure and the ongoing endeavor 

Figure 4. Neutron star observables as a function of neu-
tron skin thickness in 208 Pb as predicted by the set of en-
ergy density functionals. The figure is taken from Ref. [14]. 
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PREX: neutron skin of lead-208

CREX: neutron skin of calcium-48
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Tensions with nuclear models 
Implications for astrophysics 

Precise charge radii - prerequisite!



Where do we take nuclear radii from?



Tables of nuclear radii
Atomic Data and Nuclear Data Tables 99 (2013) 69–95

Contents lists available at SciVerse ScienceDirect

Atomic Data and Nuclear Data Tables

journal homepage: www.elsevier.com/locate/adt
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The present table contains experimental root-mean-square (rms) nuclear charge radii R obtained by
combined analysis of two types of experimental data: (i) radii changes determined from optical and, to
a lesser extent, K↵ X-ray isotope shifts and (ii) absolute radii measured by muonic spectra and electronic
scattering experiments. The table combines the results of two working groups, using respectively two
different methods of evaluation, published in ADNDT earlier. It presents an updated set of rms charge
radii for 909 isotopes of 92 elements from 1H to 96Cm together, when available, with the radii changes
from optical isotope shifts. Compared with the last published tables of R-values from 2004 (799 ground
states), many new data are added due to progress recently achieved by laser spectroscopy up to early
2011. The radii changes in isotopic chains for He, Li, Be, Ne, Sc, Mn, Y, Nb, Bi have been first obtained
in the last years and several isotopic sequences have been recently extended to regions far off stability,
(e.g., Ar, Mo, Sn, Te, Pb, Po).

© 2012 Elsevier Inc. All rights reserved.
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Last compilation was made in 2013


Efforts by enthusiasts (not community)


Not always transparent


Methods used (Barrett recipe, theory) need revision


Huge leap in exp. precision —> update badly needed
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The future of tables of nuclear radii





Gathered experts in various aspects pertinent to radii determination


Muonic atoms, laser spectroscopy, scattering, theory (QED, nuclear)


The goal: prepare an update of Angeli-Marinova tables


Angeli’s successors: Endre Takacz of Clemson U. (USA)


Aim for interactive tables with transparent data handling, uncertainty evaluation,


correlations, improved methodology, modern theory, community-driven.


Possibility of technical support of IAEA in maintaining the interactive website 


Broad involvement of the community envisioned


The EU Horizon-INFRASERV framework seems perfect for all of this!
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Inspiration: IAEA interactive nuclear moment data base



Participating researchers and institutions
Technion Haifa, Israel (Ohayon)

JGU Mainz, Germany (Gorshteyn)

Clemson U., USA (Dipti, Staiger, Takacs)

TU Darmstadt, Germany (Nörtershäuser)

MPIK Heidelberg, Germany (Oreshkina, Heiße)

ELI-NP, Bucharest, Romania (Balabanski)

U. Manchester, UK (Flanagan)

CERN (Yordanov)

IJCLAB Orsay France (Georgiev)

FRIB & MSU, East Lancing USA (Gueye, Minamisono, Seng)

Argonne NL Chicago USA (Kondev)

PRL Ahmedabad, India (Sahoo)

Peking U. China (Xiaofei Yang)
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https://nds.iaea.org/publications/indc/indc-nds-0918/Summary report online:
https://doi.org/10.61092/iaea.vm5h-hmep
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White paper in preparation: aimed at sharing vision and inviting  
the broader community to participate, contribute and critically assess
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4. RECOMMENDATIONS 
Based on the presentations and subsequent discussions, participants formulated the following list of 
recommendations, which they considered crucial for creating a new table of recommended nuclear charge 
radii that is both functional and easy to maintain: 

• We recommend regular updates and maintenance of the database with all data and enhancing 
dissemination using modern web interfaces and database technologies. 

• We recommend creating a working group that will regularly meet to advise on developments, 
updates, and dissemination of the database. It should contain data producers, evaluators, and user 
representatives. 

• There is a need for a white paper with detailed recommendations describing the visions and future 
directions of the field and the future evaluation. 

• We encourage the reanalysis of existing data using modern theoretical and statistical techniques, 
(for example dispersion correction in electron scattering, nuclear polarization in muonic atoms, 
and others). 

• There is a need for additional support from stakeholders for experimental and theoretical groups in 
acquiring new data as well as developing new and improving existing theoretical frameworks. 

• We recommend training the next generation of experts in nuclear charge radii and evaluation. 
• Since this database is complementary to the nuclear moments and transition’s probability databases, 

we recommend the results of this effort are communicated to the nuclear structure and decay data 
network. 

5. CONCLUSIONS 
The meeting was highly appreciated and deemed extremely useful.  

Participants recognized the IAEA's coordinating role and recommended that it continue providing 
coordination and supporting their efforts in creating and maintaining tables of recommended nuclear charge 
radii.  



Budget

2 Workshops (kick-off and closing) 2 x 15 K€ = 30 K€


Travel budget 4 x 25 K€ = 100 K€


1 Postdoc/Technician position for 2 years 150 K€ to work 
specifically on the project


The technical involvement of IAEA (server, storage, computing, staff) 
to be defined



