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▪ Correlation between  and  first 
found in nuclear shell model and density 
functional theory
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▪  decay also correlated with  decay2νββ 0νββ
▪ We can use existing data to estimate -decay NMEs with uncertainties0νββ
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	 3	  Muon capture as a probe

	 4	  Summary and Outlook
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▪ q ≈ 1/ |r1 − r2 | ≈ 100 − 200 MeV
▪ No experimental signal so far

▪ q ≈ mμ + Ei − Ef ≈ 100 MeV
▪ Has been measured

d
un{d

d
un{d

u
u}pd

e→

e→

u
u}pd

W→

ω = ω

W→

u
up{d

µ→

d
u}nd

ωµ

W+

 Decay0νββ Ordinary Muon Capture

jα† = Ψ̄[gV(q2)γα + igM(q2)
σαβ

2M
qβ − gA(q2)γαγ5 − gP(q2)qαγ5]Ψ

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MONUMENT (OMC4DBD) EXPERIMENT 
@ PSI

1822.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MONUMENT (OMC4DBD) EXPERIMENT 
@ PSI

1822.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MONUMENT (OMC4DBD) EXPERIMENT 
@ PSI

18

▪ Aim 1: Measure OMC in -decay nucleiββ

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MONUMENT (OMC4DBD) EXPERIMENT 
@ PSI

18

▪ Aim 1: Measure OMC in -decay nucleiββ
▪ Aim 2: Measure OMC in light nuclei 

accessible by ab initio nuclear theory

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MONUMENT (OMC4DBD) EXPERIMENT 
@ PSI

18

▪ Aim 1: Measure OMC in -decay nucleiββ
▪ Aim 2: Measure OMC in light nuclei 

accessible by ab initio nuclear theory

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

NO-CORE SHELL MODEL (NCSM)

19

N = Nmax + 1

N = 0

N = 1
…

ℏΩ

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

NO-CORE SHELL MODEL (NCSM)

19

▪ Solve the nuclear many-body problem 

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

N = Nmax + 1

N = 0

N = 1
…

ℏΩ

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

NO-CORE SHELL MODEL (NCSM)

19

▪ Solve the nuclear many-body problem 
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▪ Expansion in Harmonic Oscillator (HO) basis: 

Ψ(A) =
Nmax

∑
N=0

∑
j

= cNjΦHO
Nj (r1, r2, …, rA)

N = Nmax + 1

N = 0

N = 1
…

ℏΩ

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MUON CAPTURE ON 6LI

20

0 2 4 6 8 10 12 14
0

0.5

1

1.5

2

1b

1b + 2b

Nmax

R
a
t
e
(
1
0
3
/s
)

6
Li(1

+
gs
) + µ→ → 6

He(0
+
gs
) + ωµ

Deutsch1968

NN-N
4
LO+3Nlnl

NN-N
4
LO+3N

→
lnl

NN-N
3
LO+3Nlnl

VMC(Ia, Ia*)

GFMC(Ia, Ia*)

LJ, P. Navrátil, J. Kotila, K. Kravvaris, Phys. Rev. C 
109, 065501 (2024)

22.07.2025

E M M I  P H YS I C S  DAY  /  P R O B I N G  N E U T R I N O L E S S  D O U B L E - B E TA  D E C AY  B Y  N U C L E A R  O B S E R VA B L E S



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

MUON CAPTURE ON 6LI

20

▪ Calculations slightly underestimate the 
experiment
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▪ Calculations slightly underestimate the 
experiment

▪ No-core shell model 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

▪ 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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LJ, P. Navrátil, J. Kotila, K. Kravvaris, Phys. Rev. C 109, 065501 (2024)
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▪ Rates obtained by summing over ~50 final 
states of each parity
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▪ Summing up the rates up to ~20 MeV, we 
capture ~85% of the total rate in both  
and  

12C
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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
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▪ We found correlations between the nuclear matrix 
elements of  decay and DGT reactions, M1M1 
decay and  decay 

▪ Ordinary muon capture on light nuclei is well described 
by ab initio nuclear theory 

0νββ
2νββ

▪ Consistent study of the EFT corrections to  decay 
in an ab initio framework 

▪ Extend the ab initio studies on muon capture in heavier 
nuclei including exact two-body currents 

▪ Study other nuclear-weak processes for BSM searches 
( ,  decays, …)
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