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Nuclear weak processes in different places
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@ Nuclear weak processes are essential for understanding nuclear stability,

nucleosynthesis, and new physics beyond the Standard Model.

@ Nuclear matrix elements are crucial for the interpretation of exprimental sginals.
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Theoretical studies of nuclear weak processes Tux 2

O The studies on nuclear matrix elements (NME) O Towards an accurate calculation of NME

® Single-beta decay ® “bridge” linking signals and their interpretation

® Transition operators: determined by weak interactions
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Tipp= 9aGs|Myil m ® Wave functions: obtained from nuclear structure models
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O Challenges in Nuclear Many-Body
Theory

@® Superallowed Fermi transition

M3 =2(1-0dc)

940

@ Strong interaction: non-perturbative

. at nuclear energy scales
® Neutirnoless double-beta decay 8y

n P
2 R ® Many-body problem: complex . .
ToL = g G| M2 (mgg) n = » . : e
172 = 9abow Ml =0 Accurately solving nuclear wave
iy functions remains a major £ 2,
where the NME is given by . challenge, which directly affects

Al the precision of NME calculations. 25
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Theoretical studies of nuclear weak processes Tux 2
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Status of theoretical studies Problems to be resolved

Q Frequently employed nuclear models

Interacting shell model (ISM)

Proton-neutron random-phase approx. (pn-QRPA)
Projected shell model (PSM), GCM
Other methods: IBM, Mac-Mic model, etc.

Size of Single-particle basis

FCI

Number of Slater determinants

Q Uncertainty from nuclear forces

® EDFs: parameters of pairing force and tensor force, etc.
® |SM: parameters of the interaction matrix elements

Q Uncertainty from truncations in model space

® EDF: large s.p basis, missing many-body correlation
@ |SM: full many-body correlation, small model space

Q Uncertainty from transition operators:

® axial-vector coupling gx : quenching factor
® Higher-order operators: two-body currents, etc.

Large model dependence in predicted NMEs,

difficult to constrain or reduce.
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Ab initio studies of nuclear weak processes fux g
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Q Basic idea and advantages

® Nuclear forces & transition operators: consistently constructed within chiral EFT (N, it)
® The theoretical uncertainty: controlled by the power-counting (Q/A)" with Q = 140 MeV, A = 700 MeV)

® Nuclear wave functions: solved using exact or systematically improvable many-body methods

® Nuclear ab initio methods
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ga quenching problem: 2BC and many-body correlation
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The 2BC effect in the QMC

The Quantum Monte Carlo calculation

AV18+IL7 Hamiltonian Norfolk 2N+3N chiral interactions
Empty symbols: LO (1BC). Filled symbols: N3LO (+2BC)
T T T 096 1 1.04 096 1 1.04 096 1 1.04 096 1 1.04
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Pastore, et al., PRC 97, 022501 (2018). 1040608 1 1 11

G. B. King et al,, PRC 102, 025501 (2020)

The 2BC increases the NME by 20-30%
Open question: The 2BC effect is scale/scheme-dependent?
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[b-decay half-lives and 2BC effect
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The 2BC effect on GT transition and beta-decay half-life
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The 2B currents systematically reduces the B(GT)
across the whole energy region
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For the case dominated by the single-state transition

K
FTy2 = B(F) + B(GT)

—¥— GTipson, 1.8/2.0 (EM)
GTip, 1.8/2.0 (EM)
GTisi2s, AN*LOGo (394)

# GTis, AN?LOco (394)

T Expt.

N = 50 waiting point nuclei
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The 2B currents leads to longer total half-lives

Z.Li, T. Miyagi, A. Schwenk, arXiv:2509.06812 [nucl-th]
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The 2BC effect in the Lattice EFT

SUN YAT-SEN UNIVERSITY

Reduced Gamow-Teller matrix element

Results from the lattice EFT calculation
(RGTME)
2.4 --- Experimen
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= GTro + GTnero + GTnsro t (Mev1)
LO N’LO N*LO(OPE) N*LO(CT) Total-LO Total Expt. [96]
RGTME 2.289(19) —0.024(2) —0.104(1) 0.032(1) —0.096(2) 2.192(20) 2.161(4)

The 2B currents reduces the RGTME less than 5% .

T. Wang, X. Feng, B. N. Lu, PRC112, 025502 (2025)



Superallowed Fermi transitions and CKM matrix R 5
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Superallowed Fermi transition between isobaric analog states

® A pure Fermi transition between two ® The beta-decay half-life
nuclear states that belong to the same
isospin mu]tiplet Radiative correction on single-nucleon Nucleus-d dent radiative
AT =0, AT,=+1, AJ=0, Ar=0 2 \ \
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J. C. Hardy and L. S. Towner, PRC102, 045501(2020)
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Superallowed Fermi transitions and CKM matrix
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Hadronic yW-box contribution to the

radiative correction Uncertainties in the corrections

Hardy et al. PRC 102, 045501 (2020)

0.06 .
g 1%
% = 0.02361(38)] =P AT = 0.02467(22] = :
c V. ~ —
C.Y. Seng et al,, PRL121, 241804 (2018) g ;
Py
Vl? 2984.432(3) s g T 17
dl = Q=77 < X
w ]:t(l—{—Ag) ﬁ0.0Z— R | g
- S S o g
Vd = 0'97361(5)exp(6)5}1(4)5c(28)5Ns(10)A% = Vv 12
[Vus| = 0.2243(5); |Vub| = 0.00394(36) 2 55 deviation >

2 2 2 _ from unity!!!
[Vaal® + [ Vas|? + [V > = 0.9983(4)
The largest contributor to the uncertainty is shifted

Underestimated SM uncertainties or to the nucleus-dependent correction.
BSM physics? Precision determination of this correction becomes crucial.
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Radiative correction in superallowed Fermi transitions

ab initio calculation of nuclear-structure-
dependent radiative correction

NCSM-+chiral NN+3N

interaction / o

AY +0xs = 2000+, e o

ons = 2 { (@) 0 — @) + 500}

dns = —0.422 (14)pme (4)a (9)x (24)sh (12)n,e1 %

compared to the prediction of — )
phenomenological shell models Ons 0.400(50) %

1.6x reduction in the total uncertainty.
M. Gennari et al,, PRL134, 012501 (2025)
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Superallowed Fermi transitions: isospin breaking correction d. fuxe
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The isospin-symmetry breaking correction asf T
from the VS-IMSRG calculation gl
sl ]
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J. C. Hardy and I. S. Towner (2020)
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Superallowed Fermi transitions in EFT tuXx%

EFT-based master formula for Representative diagrams for RC to superallowed decays

superallowed Fermi transition
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K me
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in comparison Ref. [J. C. Hardy and L. S. Towner, PRC102, 045501(2020)]
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Lepton-number violation and Ov /3 decay Tux g

Lepton-number violating operators The Ov[3 decay operators in the
for neutrinoless double-beta decay chiral EFT
n¢
(A, Z) = (A, Z +2) +2e + (27) g Cfl?r‘::lerfg V:2A+2L—2+Z(?+d—2+ne)i
. BRI !
& . Bsm-
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Ov33 decay and effective neutrino mass LS.
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@ The Ov3p3 decay rate in the standard mechanism:

3 2 1/2
(mgg) =1 Ugmj| = ;
i P AT

@ Whether or not the ton-scale experiments are able to cover the entire parameter
space for the 1O case depends strongly on the accuracy of the NME.

N o . Toce
N N M. Agostini et al.,arXiv:2212.11099v1 w20

H g g ¢ s“Rev. Mod. Phys. 95, 025002 (2023) 1m0
£ & : » 13070
Z N 1exe
g S & o
§ 107 S A S o
e S S
] X O
o O <&
2 & o &
b3 & ¢ NP
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a
§ 10 { WM completed

taking data

3 future
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sensitive exposure [mol yr]
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A strategy to enhance the sensitity of 0v (3 decay Tux 2

Combined multi-transition analgsis 10-year data acquisition on XLZD and the PandaX-xT

c. d. 10 T
bz - - \deal
a. Sensitive Volume| 355 d (Jastrow) - s rareaRem) | |
136Xe lBGBa =
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o u
FV-gs ., S Ea 6| Mowiwcom 1
B Yo *v 34 E | nareasem
""3‘2 \/ % 3| < 52 4| 1
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N RoReA MR-COFT |
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Z' \_ IO range S 1
10—
F |
E
@ 0
10% 5 10 0 5 10 0 5 10 0 5 10 0 5 10 0 5 10

Measure time t [yr]

[The effectiveness strongly depends on the NMEs, which currently exhibit ]

significant discrepancies across different nuclear models. Ding, Han, Wang, IMY, arXiv2508.17413 [nucl-th]
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A proposal to reduce the uncertainty of the NMEs

* angular distribution of heavy-ion collision * observables of interest « Relative variation of an observable
An(2) = —A ((3))
chh chh l AQ©O) = o- (0>C
7o o p (1 + Z; 2 v, cosn(p — ¢n)) AGlpr) = 5A((@1pr1?), © KO)cl
n>
(cov(vz, [pr])) = %A((v;&[pr]))

where v, is strongly correlated with the initial- 1
state ellipticity parameter, €, Aaid) = ;A( ) 5w r=os | () =0

Y. Li, X. Zhang, G. Giacalone, JMY, PRL135, 022301 (2025)
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nuclear structure

heavy-ion collisions.

7 N\

Relativistic EDF
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Initial-state properties
() (GE/sY) (dokss) .. [T

7 “~

Observable variations
A(M™) Aff2)) ..

15 0 B 5 0 5
A (cov(ud, [pr])) %] A(w{4h)[%)

Open questions: model-dependence? nucleus-dependence?
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The 2BC effect on the NME of 0v33 decay Tux g
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Valence-space shell model calculation

Fermi gas approximation for the core 3m2  3md A gy
I(p, P) =1 — -5 + —73 arccot| ——————
ﬁ o[ co 2 2 2kE  2kp 2my kg
I — g _Pr
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——)log| ———2=|.
1 1 4k3P( R ) m2 + (kp + £)2
I(p, P)( 5 (2ca —c — F 2 5
+16.7) (5 2 3)+6m)], "
7i.le" i\\\u\u\u\u\\ij u:; 1 -
E 5 = EE 2 09 =
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OF |1 16426 Q ¢ =0 & 1 ;E 08 E ]
57+“’+2ij el Ll e d 5
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SE 4 - » n é
: 91 “I QI ﬁ ]
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3 u 1 (;;
1F E
P | g
E ] ©
0' 48' 76‘ 82‘ 124‘ 1'90‘ 136‘ - | 1 1 | Il 1
Ca Ge Se Sn "Te "Xe 0767750 100 150 200 250 300 350 400
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0, 0,
The 2BC reduces the NME from 10% to 35% J. Menendez et al,, PRL107, 062501 (2011)
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The 2BC effect on the NME of Ov55 decay

Projected GCM calculation

with a shell-model interaction

M® == " (abe| O, |def) P2, 4of

abedef
—
< product of one-body and two-body currents
go 3 2 2
£ on _ 2R Z [ a8ita®) — T
i %%, wmyF? ot (g + Ea)gi
X007, T 8(r). 2
If no dipole form factor, g
the above term diverges S 2
and needs a counterterm = w0
to cancel the divergence = -
® Only (a, b) are considered, quenching 5%-25% = o
® All the (a)-(f) are considered, quenching about 10%

L. J. Wang, J. Engel, IMY, PRC98, 031301 (2018)
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normal-ordering
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(HF wave function)
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The first-wave of ab initio studies of 0v/33 decay in *Ca tux g

@ Multi-reference in-medium generator : . ;
. 1.4 F Raman Pritychenko 1
coordinate method (IM-GCM) o EMIS2002) 4 =6
12k ® EMI.8/2.0(16) B e =8
JMY et al., PRL124, 232501 (2020) - ® EM2.0/2.0(16) ® mux =10
@ Valence-space shell model+IMSRG ERE I
(VS-IMSRG) 08 .. '
A. Belley et al., PRL126, 042502 (2021) o6 L Extrap. L) - |
o Coupled-cluster with singlets, doublets, and 7 0 s 15
partial triplets (CCSDT1) . B(E2:2" —0%) [fm']
S. Novario et al., PRL126, 182502 (2021) 010 £3(*8Sc)
Phenomepological Ab initio P e
% l 48Ca-%8T . N I puim
25 Error bars represent sensitivity to calculation Q006> Quenching
wl T parameters, not yet full theory uncertainty! = factor 0.81%
3 - 0.04

Eis
10 L
l.- . 0.02
. - =11
10
F§FFFEF e g es s
g & F F & & FE S
M &g 4

arXiv:2212.11099, adapted from J. Phys. G: Nucl. Part. Phys. 49, 120502 (2022)
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IMSRG + Configuration interaction (IMCI-Q) method

4 0.3
5| “®ca=>“sc P . 48ca ==> “®Ti 483¢(3pah) + “®Ti(3p3h) —
s d IM-ITCI(3p3h) — = oz S *3c(3p3h) + *8Ti(4pan) —
1 ! .
S 25 > EXP —
= . [EM1.8-2.0,N=6] = IM=ITCI
I
G 15 ‘?‘E"’ 0.1 )
@ /
1 J
0.5
= el tesea ., 0 /
o by 20 p 20 0 5 10 15 20 25 30
Ejnt. [MeV]
Table: 0v33 matrix elements for *Ca. (hw = 12)
In comparison with the IM-GCM calculation
Force | Reference state Cut off My | oMY | My | M
NME
EM18/2.0 | 45Ca (HF) | N=6,IM-ITCI(4psh) | -0.376 | 1.035 | -0.088 | 1.180 Interaction B eme =6  emn =8  emm =10
EM1.8/2.0 12 0385 070 0.64
EM1.8/2.0 | “STi(HFB) | N=6,IM-ITCI(4p4h) | -0.291 | 0.740 | -0.088 | 0.833 EM1.8/2.0 16 1.03 0.78 0.66

Xin Lian, Chengrong Ding, Chunlin Bai, MY, in preparation (2025) JMY et al, PRL124, 232501 (2020)
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@ A contact transition operator which could
either enhance or quench the Ov 35 decay, is
needed to be promoted to LO to ensure
renormalizibility. v. cirigliano et al., PRL120, 202001 (2018)

o We determine the unknown LEC gMN of the
contact operator, consistent with the
employed chiral interaction (EM1.8/2.0),
based on the synthetic data for the process
2n — 2p + 2e7. v. cirigliano et al., PRL126, 172002 (2021)

The contact term turns out to enhance the
NME for “8Ca by 43(7)%, thus reducing the
half-life T10/1/2 significantly.

R. Wirth, JMY, H. Hergert, PRL127, 242502 (2021)

Promoting the contact transition operator to LO

o 6He —fBe
4 L+S o ¢ EM(1.8/2.0)
0 ’ EMN(2.0)
0O ‘ LNL(2.0)
0 . AN?LOGo(2.0)
8He —»8Be o ¢ AN?LOGo(=)
06 EM(1.8/2.0)
O‘ EMN(2.0)
0‘ LNL(2.0)
04 AN?LOGo(2.0)
04 AN?LOgo()
IT-NCSM
48Ca »*Ti  IM-Gem
o ‘ EM(1.8/2.0)(emax = 6)
o ¢ EM(1.8/2.0)(emax = 8)
0 ‘ EM(1.8/2.0)(emax = 10)
XS EM(1.8/2.0)(extra.)
0 1 2 3 4 5 6 7
MOv
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The error of EFT truncation on nuclear forces Fux %

48Ca -8 Ti+2e~ 0Ge =70 Se + 2e~
1.2 T T ™ : L X
— emax =4 Ac.o(394)| EMN chiral interactions
10l emax = 6 4 ~

— emax =8

0.8} \ \ al

06 e

MOvEB
/
MOV

04
UQ by the BUQEYE method:

o2r “Ca J. Melendez et al., PRC100,
044001 (2019), arXiv:1904.10581

0.0 L L 1 L
Lo NLO N2Lo N3Lo NLO N2LO N3LO N4LC
X order x order

@ The NME converges with respect to the chiral expansion order x of nuclear forces
for candidate nuclei *8Ca and 7°Ge.

@ The EFT truncation error is shrinking with the increase of x expansion order v.
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Quantification of the uncertainty in the NME of "°Ge fuxe

SUN YAT-SEN UNIVERSITY

’ truncation of transition operators | | Emulator error | @ 68% confidence interval including e ! ®
68% confidence interval including eew and xerr
\ v 68% confidence interval including eew, &err and £op
Oy Ov . . . . 8 68% confidence interval including €em, €xerr, €op and emsr |
MY = M}¥ + e;prr + €mpr + €op + €EM: — Meon -
P - 1
- - J1 |
| truncation of nuclear forces | | many-body truncation | } ]
TABLE I.  The recommended value for the total NME of Ovf$ T } | 1
decay in 7°Ge, together with the uncertainties from different + | 0 l
sources. } T 1
B
0 . . . . . p ]
M €LEC €4EFT EMBT €op €EM 76Ge - 765e “a, %, %,
K3 % o
260128 0.75 0.3 0.88 0.47 < 0.06 = |
136 D TSP F SRS > & @ PR
6 &8 &5 :i;y&,a & & & & ﬁa‘ &

@ Our recommended value M% = 2.60ﬂj§§-

o Together with the best half-life limit: > 1.8 x 10%° yr, it sets the upper limit
(mgg) = 18772%° meV, and the sensitivity of the next-generation experiment
(mgg) = 2272* meV, covering almost the entire range of 1O hierarchy.

A. Belley, JMY et al., PRL132, 182502 (2024)
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Extension to the Ov33 decay of 13°Xe F % g

UN YAT-SEN UNIVERSITY

sf — Nrocomi  — anis20 | W oosowr — amazs ] 136xe
o0 1%Xe, eMax10(J* =0%) / ) { Ba, eMax10(J7 —0%) —e— VS-IMSRG
2. v -& IM-GCM
¥, { ol —#— CCSDTL ]
g | —&— QRPA
0 2 —< NSM
2 of —»— IBM
:10],=0.05] " 1040/ _{00S; {040/ (015 010 —005 000 005 010 015 020 ~¥— EDF
d b L j
97+ 118 +
1 - 261 27 09 0.56 v
0f v 0f I41a 1078 3, ¥
136 I ]
Xe 1%Ba = b
KamLAND-Zen: T, > 2.3 X 10% yr at 90% C.L. g {
A j
R 1BM ¥ et A
NME 1.15(N2L0G0394)  [1.08,1.90] 4" ; t
b 1.34 (EM1.8-2.0) of j
£ <mgg>  0.13-0.15eV 0.09-0.16 MeV
3 s : @ © large uncertainty ME ME+MG| MR ME+ME
:_i - Ab inito Nuclear Models
- - rdiion
100 10! 102 Ding, IMY, et al. in preparation (2025) A. Belley et al, arXive307.15156 [nucl-th]

Lightest neutrino mass (meV)
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Summary and outlook

Precision study of nuclear weak processes (single and double-beta decay) is important
for understanding physics both within and beyond the standard model.

@ The ab initio framework based on the operators derived from chiral EFT allows to
determine the NMEs of nuclear weak processes and their uncertainties.

@ This ab initio framework has already been applied to compute the NMEs of both
single and double-beta decay, where the contributions of higher-order operators
have been examined. These studies are of importance for understanding nuclear
weak processes with quantified undercertainties in the prediced NMEs.

@ Ab initio study of two-body current effect on Ov33 decay.
@ Consideration of contributions from higher-order operators.

@ More benchmark studies among different ab initio nuclear models.
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Nuclear weak interactions in EFT R 4

Axial currents in chiral EFT

BSM physics
A Integrate out
22 TeV BSM fields o’ -
SMEFT S
SU(3)xSU(2)xU(1) invariant (a) (b)
myy
100 GeV Q" .
LEFT ¢+ ; T
SU(3)xU(1)em invariant (© (d)
A)( Hadronic/Lattice
1 GeV QCD input
I- ’ ’J\\-+ - + N X ><
! S © ¢ U © ")
‘ A. Baroni et al.. PRC94, 024003 (2016)

100 MeV

Chiral Effective Theory

Nuclear Matrix

3
) v=-3+) Vik; K=d+atbtc—d

1 MeV elements
d: number of derivatives and/or insertions of M,
|- a: number of nucleon fields
b: number of pion fields

credit to Wouter Dekens c: number of external source

Gers ~ E,
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fuxg

Nuclear beta decay in EFT

Two-body operators for dng Counterterms for 3 decays
* introduce the dimensionless couplings W,vz as
Cis,\2
P B = A (M8 e
/ o the LO RGE
W o
§ d"lgé'“ = —Ga(1 + Kot Kn) = 112, d"lgé?“ = —ga(1 + K — Kn) = ~5.99,
a0) b0) c0) * to limit the number of fit parameters, if needed we could impose
" . g = szwi <gv2
= (%) () +oge(R)
) —7— a +ER)Y by(Ee,me) () +a) cal ) .- .
e gy(p)M'OJ Z "\ A ¢ Z (Ee. e Ax ,,zo: "\ A Fitting g-V1 and g_V2 to superallowed data
* LO vertices lead to an operator that depends on external energies 0.10
1 1 4E. 1 ) oo ll()“‘ B “:\'“‘
VE=3 ( + —") Ve Ve=gv 292;4 (T*WP},*’ + P},"#'”) . Y
j<k = om
* at NLO, magnetic and recoil corrections generate gy-i % om0 vMe
e P f ) £ o 00
V{¥(q) = ; Ta (a“' o4 —sw) [(1 4 50 DR 4+ wyr ORI 1. 5 ), * o o
» B R o ZEG L N ) 020 v
@) = 5 [t (@ =P xa o - ER G el 0B k)] S . R
® the magnetic moments induce a Coulomb-like potential in 'Sy . ... [fm]
need isospin 1 and 2 contact interactions
VST = (MO +gl0), 0= 0L, 0= [r0r 4 s k. . Check .the dependence on the
i Iz interaction and on the regulator
V. Cirigiano et a., PRC110, 055502 (2024) A slide from E. Mereghetti's talk
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The QMC method R 5

UN YAT-SEN UNIVERSITY

Quantum Monte Carlo (QMC) methods

Variational Monte Carlo (VMC): minimize expectation value of Hamiltonian

(Uv|H|Tv)
Ey = ———-——+ > E
Y yloy) =7°
[wy) = (ST {1+ + Y T17:0i) | [@A(IMTTs))
i<j k#i,j i<j Q Q
fwo- and cluster structure 8Be ~ 20

correlation operators

Green’s Function Monte Carlo (GFMC): improve VMC solution by propagating in imaginary time

to remove contaminations from excited states 268
=270 %
.
=212
—(H—E (B —E ) ' 4
U(r) = e H-Ery, — Z“ (Ba=BEo)rq s " aHc
s .
n g -276 "
i [y b
lim ¥(7) = agthy ’ .
T—00 -280 .

.
) . Pudlinder et al. Phys. Rev. C 56, 1720
Chambers-Wall , Pastore , Piarulli 40000 0002 0004 0006 0008 0010
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The 2BC effect

UN YAT-SEN UNIVERSITY

Two-body current in normal-ordering
approximation

@ Q. p) = —g"(a. Q. p)oiT;

p[ o 1 23 ¢ 1(p. Q) 1
=gt {1- S| ———F+ ————+ —— (20— 3+ — . =
Baiti { 2l dga, P 3amre T3 “TOT om, Sos

33 —cp=4,p=0.08fm?

04 [ == )=4, p=016fm
o2l = ep=0, p=0.08 fm3

(b
= p=0,p=016fm? )

0.0
. 0.0 0.2 0.4 0.6 0.8 1.0
The quenching factor 1GeV]
4(q. p) = g57(q. 0, p)/ga = 1 +Alqlp +Bp"* + C, 14 3= -532GeV, ¢y = 3.56 GeV~!
where the coefficients A, B and C are defined as 12
o 1 1 1 7
Al =-2—— — —|(2cs—c5+ — ) +2c3—— |
0= o~ 37 (40t am) *m e ;
m? 2\ 1 ° .
—_ T = —_ R .
G 2 (37,2) (264 C3+2mp)’ 04| == 0=44=0Gev b
211]3 1 kF . - cp=4,4=0.15GeV
— M _ - Rl — p=0,q=0GeV ’
C= 3712f§ (2c4 3+ 2m,,) tan (m,, ) . 0.2 0 e 01sGev (a)
0.0
0.0 0.1 0.2
JIMY, J. Meng, Y F. Niu, P. Ring, PPNP 126, 103965 (2022) plfm=3)
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Towards accurate calculations of single-5 decay

The Lagrangian density for weak interaction at nuclear-energy scale,
L= Z (;‘)O,n)éO,(C, — C,-,’}/5)I/
i=V,AS,T,P
where the operator O; specifies different types (standard and non-standard) of weak

interactions, C;, C! are couplings of dimension [mass]~2, indicating the mass scale of
particles mediating the interaction.

Significance

@ Impact of nuclear 5-decay rates on the abundances of r-process elements.

Kelsey A. Lund et al., Astrophys.J. 944, 144 (2023); Y. W. Hao et al., Phys. Rev. C 108, L062802 (2023)

@ Matrix element of superallowed Fermi transition: test of the unitality of CKM
matrix. v. Cirigliano et al., PRL133, 211801 (2024); PRC110, 055502(2024)

@ Constraints on the non-standard weak interaction with 8 decay:
G, C,-/ X (/\/’\/\///\]331\/[)"22 with i = S, P, T. L Hayen, Annu. Rev. Nucl. Part. Sci. 74, 1 (2024)

JMYao (nuSTEP®Beijing, 2025)



Towards accurate calculations of single-5 decay

Remaining problems

@ Improvements in EDF-based QRPA?: systematic studies of nuclear 3 decay,
interplay bewteen many-body correlations (PVC, 2p-2h, deformation, etc) and
phenomenological parameters (gA, Vp7l;:0,1, etc) E.M. Ney et al., Phys.Rev.C 102, 034326 (2020)

@ Significant discrepancies (by an order of magnitude or more) between theory and
experiment: Mgt and Q value.

@ g quenching problem: ab initio studies restricted to light and near closed-shell

nuclei. P. Gysbers et al., Nature Physics 15, 428 (2019); G.B. King et al. PRC107, 015503 (2023)

Recommendation

Development of state-of-the-art models (VS-IMSRG, IM-GCM, pn-QRPA guided by or
based on chiral nuclear forces) for nuclear single-/3 decay and superallowed Fermi
transition, considering two-body currents and radiative corrections, and examining
convergence of matrix elements with respect to the chiral expansion orders.
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