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Modified from nndc.bnl.gov/nudat3/
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DOUBLE-BETA-DECAY EXPERIMENTS
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SNOLAB (Canada): 
SNO+ (130Te)

SURF (USA): 
MAJORANA (76Ge) 
LZ-nat (136Xe)

WIPP (USA): 
EXO-200 (136Xe)

LSC (Spain): 
NEXT-100 (136Xe) 
CROSS (100Mo)

Kamioka (Japan): 
KamLAND-Zen (136Xe)

CNJL(China): 
PandaX-III-200 (136Xe)

LNGS (Italy): 
GERDA (76Ge) 
CUORE (130Te) 
CUPID-0 (82Se) 
LEGEND-200 (76Ge)

LSM (France): 
CUPID-Mo (100Mo) 
NEMO-3 (100Mo) 
SuperNEMO-D (82Se)

Current record: 
 years 

KamLAND-Zen: arXiv:2406.11438 [hep-ex]
T0ν

1/2(
136Xe) > 3.8 × 1026
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 DECAY MEDIATED BY LIGHT-
NEUTRINO EXCHANGE
0νββ

7

1
t0ν
1/2

= g4
AG0ν |M0ν |2 (

mββ

me )
2
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THE NUCLEAR MATRIX ELEMENT
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M0ν = ⟨Ψ(A)
f |𝒪0ν |Ψ(A)

i ⟩
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NUCLEAR MATRIX ELEMENT FROM 
WEAK CURRENTS
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Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)
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NUCLEAR MATRIX ELEMENT FROM 
WEAK CURRENTS
▪ Starting from the leading weak currents for one nucleon 

                       

𝒥0 = τ[gV(p2)]

J = τ[gA(p2) − gP(p2)
p(p ⋅ σ)
p2 + m2

π
+ igM(p2)

σ × p
2mN

]

9
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N U C L E A R  R E S P O N S E S  F O R  M U O N  C A P T U R E  A N D  R A R E  D E C AYS

03.09.2026



Institut für Kernphysik, Theoriezentrum | TU Darmstadt | L. Jokiniemi

NUCLEAR MATRIX ELEMENT FROM 
WEAK CURRENTS
▪ Starting from the leading weak currents for one nucleon 

                       

𝒥0 = τ[gV(p2)]

J = τ[gA(p2) − gP(p2)
p(p ⋅ σ)
p2 + m2

π
+ igM(p2)

σ × p
2mN

]
▪ Using second-order perturbation theory in the weak interaction, we get 
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R ∫ dx∫ dyLμρ(x, y)∫ dpeip⋅(x−y) R
g2

A
∑

n,m,a,k

⟨0+
f |

𝒥μ†
n (x) |Jπ

a⟩⟨Jπ
a |𝒥ρ†

m (y)

m2
k + p2[ m2

k + p2 + Erel
a ]

|0+
i ⟩

9

Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

N U C L E A R  R E S P O N S E S  F O R  M U O N  C A P T U R E  A N D  R A R E  D E C AYS

03.09.2026



Institut für Kernphysik, Theoriezentrum | TU Darmstadt | L. Jokiniemi

NUCLEAR MATRIX ELEMENT FROM 
WEAK CURRENTS
▪ Starting from the leading weak currents for one nucleon 

                       

𝒥0 = τ[gV(p2)]

J = τ[gA(p2) − gP(p2)
p(p ⋅ σ)
p2 + m2

π
+ igM(p2)

σ × p
2mN

]
▪ Using second-order perturbation theory in the weak interaction, we get 

Γ0νββ = ∑
k

(Uek)2mk
g2

A

R ∫ dx∫ dyLμρ(x, y)∫ dpeip⋅(x−y) R
g2

A
∑

n,m,a,k

⟨0+
f |

𝒥μ†
n (x) |Jπ

a⟩⟨Jπ
a |𝒥ρ†

m (y)

m2
k + p2[ m2

k + p2 + Erel
a ]

|0+
i ⟩

9

Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

Majorana mass, mββ
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Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

Majorana mass, mββ Phase-space factor, G0ν
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Agostini et al., Rev. Mod. Phys. 95, 025002 (2023)

Majorana mass, mββ Nuclear matrix element, M0νPhase-space factor, G0ν
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M0ν
L =

1.2A1/3 fm
g2

A
⟨0+

f |∑
m,n

τ−
mτ−

n [HF(r)1 + HGT(r)σn ⋅ σm + HT(r)Snm] |0+
i ⟩

LIGHT-NEUTRINO EXCHANGE
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▪ Correlations also found in statistical 
shell-model studies in 
▪ 48Ca 

Horoi, Neacsu, Stoica, Phys. Rev. C 106, 054302 (2022) 
▪ 76Ge 

Horoi, Neacsu, arXiv:2605.21657 
▪ 82Se 

Neacsu, Horoi, Symmetry 2024, 16(8), 974 
▪ 136Xe 

Horoi, Neacsu, Stoica, Phys. Rev. C 107, 045501 (2023) 
Horoi, Universe 10 (6), 252

CORRELATIONS BETWEEN  AND  DECAYS0νββ 2νββ
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▪ In-Medium No-Core Configuration 
Interaction (IM-NCCI) method: 
 
solve  with 
 

 

and EFT Hamiltonians 

H(A) |Ψ⟩ = E |Ψ⟩

|Ψ⟩ = D0 |Φ⟩ + ∑
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2m
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V3N
ijk

Lian, Ding, Bai, Yao, arXiv:2605.19479
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▪ For the multi-shell valence space, we use the generator 
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▪ where 
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▪ To remove spurious centre-of-mass motion, we modify the Hamiltonian as 
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▪ Experimental data from 
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▪ The VS-IMSRG(2) calculation with 
the -shell valence space neglects 
some important higher-body terms
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▪ Solve the nuclear many-body problem 

H(A)Ψ(A)(r1, r2, …, rA) = E(A)Ψ(A)(r1, r2, …, rA)
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▪ Solve the nuclear many-body problem 

H(A)Ψ(A)(r1, r2, …, rA) = E(A)Ψ(A)(r1, r2, …, rA)

▪ Two- (NN) and three-body (3N) forces from EFT: 
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▪ Two- (NN) and three-body (3N) forces from EFT: 
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2m
+

A

∑
i<j=1

VNN
ij (ri − rj) +
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V3N
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▪ Expansion in Harmonic Oscillator (HO) basis: 

Ψ(A) =
Nmax

∑
N=0

∑
j

= cNjΦHO
Nj (r1, r2, …, rA)
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…
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MUON CAPTURE ON 6LI
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▪ No-core shell model slightly 
underestimates the experiment
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▪ No-core shell model slightly 
underestimates the experiment

▪ Results consistent with other ab initio 
methods: 
Variational Monte Carlo (VMC) and  
Green’s Function Monte Carlo (GFMC) 
G. B. King et al., Phys. Rev. C 105, L042501 (2022)
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▪ Significant interaction dependence
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▪ Significant interaction dependence

▪ The  interaction 
with the subleading 3N term (E7) 
most consistent with experiments 
Girlanda, Kievsky, Viviani, Phys. Rev. C 84, 014001 (2011) 
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▪ Significant interaction dependence

▪ The  interaction 
with the subleading 3N term (E7) 
most consistent with experiments 
Girlanda, Kievsky, Viviani, Phys. Rev. C 84, 014001 (2011) 

NN − N4LO + 3N*lnl

▪ 3-body forces essential to reproduce 
the measured rate

LJ, P. Navrátil, J. Kotila, K. Kravvaris, Phys. Rev. C 
109, 065501 (2024)
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MUON CAPTURE ON 16O
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TOTAL MUON CAPTURE RATES
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▪ Rates obtained by summing over ~50 final 
states of each parity
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▪ Rates obtained by summing over ~50 final 
states of each parity

▪ Summing up the rates up to ~20 MeV, we 
capture ~85% of the total rate in both  
and  

12C
16N
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▪ Rates obtained by summing over ~50 final 
states of each parity

▪ Summing up the rates up to ~20 MeV, we 
capture ~85% of the total rate in both  
and  

12C
16N

▪ Better estimation of the total rates using 
the Lanczos strength function method 
underway

Wtot. = ∑
f

W(i → f )

D. Araujo Najera, M. Gennari, LJ, M. Drissi,  
P. Navrátil, work in progress

Nmax = 3
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SUMMARY
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▪ Next-generation -decay experiments likely to fully cover the 
inverted-hierarchy band of neutrino masses 

▪ Muon capture a good probe for high-momentum electroweak currents 

▪ Correlations with different observables help constrain the -decay 
matrix elements 

▪ Important correlations were missing from ab initio calculations of  
decays of 48Ca  How about heavier cases?
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