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Superallowed  decays0+ → 0+

ℱt ≡ f t(1 + δ′ R)(1 + δNS − δC) =
K

2G2
V(1 + ΔV

R)

Theory-limited

Experiment-limited
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δNS = 2 [ □nuc
Wγ − □free n

Wγ ]

proton propagating 
in-medium

NCSM calculations by M. Gennari, M. Drissi, 
and P. Navrátil

Theory progress on the  correctionδNS

Towner&Hardy: δNS = − 0.400(35) %

3+

1+

0+

1+

0+

10C

10B
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Branching ratio: 
Savard (1995): 1.4625  0.0020 (stat)  0.0015 (syst) 
Fujiwara (1999): 1.4664  0.0038 (stat)  0.0006 (syst)  

± ±
± ±

Search for a 
scalar weak current

ℱt → ℱt (1 + bFγ⟨
1
W

⟩)
CS ψ̄pψn ϕ̄e(1 + γ5)ϕν̄

bF = − 2
Cs

CV

Dunlop+ PRL 116 172501 (2016)
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Falkowski+ JHEP 04 126 (2021) 

Superallowed 
mirror decays

1/2+

1/2+

1/2−

1/2−

5/2+

5/2+19Ne

19F
N=9, Z=10

N=10, Z=9



Ragnar Stroberg TRIUMF Science Week 2023 6

 dominated by mixing t1/2 ρ

Severijns+ PRC 78, 055501 (2008)

Fermi-Gamow-Teller 
mixing ratio 

needs to be measured.

 both Fermi and 
Gamow-Teller are possible.
Jf = Ji ≠ 0

ρ =
CAMGT

CV MF
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aβν =
1 − ρ2/3
1 + ρ2

e+

νe

recoil

Measuring the mixing ratio ρ

Beta-neutrino asymmetry 
(in the Standard Model)

dw
dEedΩedΩν

∼ 1 + aβν
⃗pe ⋅ ⃗pν

EeEν
+ bF

me

Ee
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Why is this helpful from the theory perspective?

Tz = + 1
2Tz = − 1

2

T = 1
2

T = 3
2

Tz = − 1 Tz = 0

T = 1

T = 0

T = 2
T = 0

Isospin mixing is similar in both nuclei, 
so errors will (🤞) tend to cancel out.
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•  dependence 
dominated by  

• Critical for 
testing CVC / 
searching for 
scalar currents.

Z
δC
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ANRV352-AA46-08 ARI 15 July 2008 11:46

2003; see also the recent r-process review by Arnould, Goriely & Takahashi 2008). Regrettably,
none of these models has been entirely successful in synthesizing the total abundance distribution
of r-process nuclei seen in nature. Thus, though much work has been done to understand how
the r-process operates, its astrophysical sites have still not been confirmed (but see Section 6.2 for
further discussion of this issue).

3. SOLAR-SYSTEM ABUNDANCES
The Solar-system abundance distribution has been investigated repeatedly for more than a century.
The first comprehensive evaluation was done by Suess & Urey (1956; see their paper for reviews
of earlier studies). Figure 3 compares the early work of Cameron (1959) to the recent compila-
tion of Lodders (2003). It illustrates isotopic number-density abundances on the meteoritic scale
(NSi = 106) as a function of mass number. Additional Solar-system compilations include those of
Anders & Grevesse (1989), Grevesse & Sauval (1998), and Grevesse, Asplund & Sauval (2007).
The Cameron and Lodders Solar-system abundances agree qualitatively very well, as do the other
studies. The broad outlines of Solar-system abundances have been understood for decades.

Breakdowns of Solar-system isotopic abundances into s-, r-, and p-process components have
been done by a number of researchers, beginning with the pioneering study of Cameron (1973).
Such analyses usually involve first determining the s-process contributions. As discussed in Section
2, the classical approach is to fit the σNs for nuclei lying along the s-process path for nuclides far
from neutron-magic nuclei to the Solar-system abundances of s-only nuclei, and then the s-process
contributions to other nuclei are determined by subtraction of this curve from the total Solar-
system abundances. In this manner, and having first experimentally obtained σ , the s-process
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Figure 3
The total Solar-system abundances by mass number based upon the Si = 106 (meteoritic) scale.
Comparison is made between the early work of Cameron (1959) ( filled red circles) and the more recent
compilation by Lodders (2003) (solid blue line).
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Orford, Vassh,+ PRC 105,L052802 (2022)

Mass data favor “hot” outflow scenario
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-process calculation by N. Vasshi

Does the -process contribute to the rare-earth peak?i
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σif
n,γ ∼

Ti
nTf

γ

∑x, f T f
x

AX

A+1X

Sn

En

•  from imaginary part of  
optical potential 

•  gamma strength function 

• Level densities 

Tn A + n

Tγ →
ρ(E)

Ingredients to statistical model:

(n, n′ )

(n, γ)

Neutron capture (n, γ)
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When can the statistical model be used?

Mumpower+ PPNP 86, 86 (2016)

Rauscher+ PRC 56, 1613 (1997)

Minimum temperature 
for statistical model

Sensitivity of r-process 
abundance on  rate(n, γ)
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Liddick+ PRL 116, 242502 (2016)

Ratio of highest to lowest predicted  rates with different 
models for the level density and -strength function*

(n, γ)
γ

*but optical model only varied between KD and JLM (validated on stable targets).
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Ab initio neutron-nucleus optical potentials

Rotureau+ PRC 95 024315 (2017)

Idini, Barbieri, Navrátil PRL 123 092501 (2019) Burrows+ PRC 99 044603 (2019)
Gennari+ PRC 97 034619 (2018)

 (deg)θ

Whitehead, Lim, Holt PRL 127 182502 (2021)

Self-energy
Multiple scattering Nuclear matter + 

Local density approx.

Coupled cluster

Self-consistent Green’s function
No-core shell model

Many-body perturbation theory

Not enough absorption 
(poor description of 
compound nucleus states)

Applicable at high 
energies  MeV≳100

Still semi-
phenomenolgical 
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information of the ab initio approach. In the following, we
use a phenomenology-inspired approach indicated by
NCSMC-pheno that has been already applied in
Refs. [36,55]. In this approach, we adjust the 10Be and
11Be excitation energies of the NCSM eigenstates entering
expansion (1) to reproduce the experimental energies of the
first low-lying states. Note that the obtained NCSMC-
pheno energies are fitted to the experiment, while the
theoretical widths, quoted in Table I, are predictions.
An intuitive interpretation of the 11Be g.s. wave function

is provided in Fig. 4 by the overlap of the full solution for the
g.s. jΨJπT

ν i in (1) with the cluster portion jΦJπT
ν;r i given by

rhΦJπT
ν;r jAνjΨJπT

A i. A clearly extended halo structure beyond
20 fm can be identified for the S wave of the 10Beð0þÞ þ n
relative motion. The phenomenological energy adjustment
only slightly influences the asymptotic behavior of the S
wave, as seen by comparing the solid and dashed black
curves, while other partial waves are even indistinguishable
on the plot resolution. The corresponding spectroscopic
factors for the NCSMC-pheno approach, obtained by
integrating the squared cluster form factors in Fig. 4, are
S ¼ 0.90 (S wave) and S ¼ 0.16 (D wave). The S-wave
asymptotic normalization coefficient is 0.786 fm−1=2.

The BðE1Þ transitions are summarized in Table II.
Calculations without continuum effects predict the wrong
g.s. and underestimate the E1 strength by several orders
of magnitude. For the NCSMC calculations with the
NN þ 3Nð400Þ interaction, the 1=2þ state is very weakly
bound, leading to an unrealistic E1 transition. The
N2LOSAT interaction successfully reproduces the strong
E1 transition, albeit the latest measurement [6] is slightly
overestimated, even after the phenomenological energy
adjustment. There might be small effects arising from a
formally necessary SRG evolution of the transition oper-
ator. Works along these lines for 4He suggest a slight
reduction of the dipole strength [56,57]. A similar effect
would bring the calculated E1 transition in better agree-
ment with the experiment [6].
Finally, we study the photodisintegration of the 11Be g.s.

into nþ 10Be in Fig. 5. This is proportional to dipole
strength distribution dBðE1Þ=dE. In all approaches, a peak
of nonresonant nature (see Fig. 3) is present at about
800 keV above the nþ 10Be threshold, particularly pro-
nounced in the 3=2− partial wave. The strong peak for
the NCSMC with the N2LOSAT interaction is caused by
the slightly extended S-wave tail in Fig. 4 and hence the
underestimated binding energy of the 1=2þ state. The
theoretical predictions are compared to indirect measure-
ments of the photodissociation process extracted from the
scattering experiments of 11Be on lead [58–60] and carbon

TABLE I. Excitation spectrum of 11Be with respect to the
nþ 10Be threshold. Energies and widths are in MeV. The
calculations are carried out at Nmax ¼ 9.

NCSMC NCSMC-pheno

NN þ 3Nð400Þ N2LOSAT N2LOSAT Experiment

Jπ E Γ E Γ E Γ E Γ
1=2þ −0.001 % % % −0.40 % % % −0.50 % % % −0.50 % % %
1=2− −0.27 % % % −0.35 % % % −0.18 % % % −0.18 % % %
5=2þ 3.03 0.44 1.47 0.12 1.31 0.10 1.28 0.1
3=2−1 2.34 0.35 2.14 0.21 2.15 0.19 2.15 0.21
3=2þ 3.48 % % % 2.90 0.014 2.92 0.06 2.898 0.122
5=2− 3.43 0.001 2.25 0.0001 3.30 0.0002 3.3874 <0.008
3=2−2 5.52 0.20 6.62 0.29 5.72 0.19 3.45 0.01
9=2þ 7.44 2.30 5.42 0.80 5.59 0.62 % % % % % %

FIG. 4. Comparison of the cluster form factors with the
N2LOSAT interaction at Nmax ¼ 9. Note the coupling between
the 10Be target and neutron in the cluster state jΦJπT

ν;r i ∼
½ðj10Be∶Iπ11 T1ijn∶1=2þ1=2iÞsTYlðr̂Þ'J

πT .

TABLE II. Reduced transition probability BðE1∶1=2−→1=2þ)
between 11Be bound states in e2 fm2.

NCSM NCSMC NCSMC-pheno Experiment

NN þ 3Nð400Þ 0.0005 % % % 0.146
0.102(2) [6]

N2LOSAT 0.0005 0.127 0.117

FIG. 5. Dipole strength distribution dBðE1Þ=dE of the photo-
disintegration process as a function of the photon energy. Theo-
retical dipole strength distributions for two chiral interactions with
(solid line) and without (dashed line) the phenomenological energy
adjustment are compared to the experimental measurements at GSI
[58,61] (black dots) and RIKEN [58–60] (violet dots).

PRL 117, 242501 (2016) P HY S I CA L R EV I EW LE T T ER S
week ending

9 DECEMBER 2016

242501-4

Calci+ PRL 117, 242501 (2016)

No-core shell model w/continuum

Limited to light systems

Ab initio neutron-nucleus optical potentials
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TRIUMF Storage Ring (TRISR)

neutrons
?
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?

e−

Electron scattering from unstable isotopes with SCRIT

ISOL beam

See Tsukada+ PRL 118, 262501 (2017)
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Tostevin, Gade PRC 90 057602 (2014)

Kay, Schiffer, Freeman PRL 111 042502 (2013)

Lee+ PRL 104 112701 (2010)

Asymmetry dependence in knockout

knockout on 
Be target

transfer
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Thank you!


