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15.09.2025

F R I B  2 0 2 5  /  N U C L E A R - T H E O RY  D E V E L O P M E N T S  I N  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  S T U D I E S



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

AB INITIO NUCLEAR THEORY

11

Figure courtesy of P. Navrátil

Current ab initio

15.09.2025

F R I B  2 0 2 5  /  N U C L E A R - T H E O RY  D E V E L O P M E N T S  I N  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  S T U D I E S



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

AB INITIO NUCLEAR THEORY

11

Figure courtesy of P. Navrátil

Current ab initio Chiral expansion of nuclear forces

H. Hergert, Front. Phys. 8 (2020)
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Current ab initio Chiral expansion of nuclear forces

H. Hergert, Front. Phys. 8 (2020)

“… we interpret the ab initio method to be a systematically improvable approach  
for quantitatively describing nuclei using the finest resolution scale possible 
while maximizing its predictive capabilities” 
 
Ekström, Forssén, Hagen, Jansen, Jiang, and Papenbrock, Front. Phys. 11, 1129094 (2023)
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	 1	 Introduction

	 2	 Effective field theory for neutrinoless double-beta decay

	 3	  Probing neutrinoless double-beta decay by nuclear observables

	 4	  Current status

F R I B  2 0 2 5  /  N U C L E A R - T H E O RY  D E V E L O P M E N T S  I N  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  S T U D I E S

15.09.2025

	 5	  Summary and Outlook



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

CHIRAL EFFECTIVE THEORY OPERATORS 
FOR  DECAY0νββ

15

operators  
(Long- and pion-range) 

operators  
(short-range) 

En
er

gy

SM
-E

FT
SM

-E
FT

’
Ch

iP
T

dim� 5 dim� 7 dim� 9

BSM-
model

Ch
ira

l 
EF

T
M

an
y 

 
bo

dy
 

M
et

ho
ds

⇠ 100MeV

⇠ 1MeV

⇤

⇠ 100GeV

⇠ 1GeV

dim� 3

m�� : ⌫ ! ⌫c

⌫ ! ⌫c

0⌫�� 0⌫��

MF , M
AA,AP,PP,MM
GT,T MF,sd, M

AA,AP,PP
GT,sd , MAP,PP

T,sd

T 0⌫
1/2(0

+ ! 0+)

Electroweak symmetry 
breaking

Match to ChiPT  
(LECs in Table 1)

Construct             
operators (Eq. 24)

NMEs (Table 2)

Phase space integrals  
(Table 4)

0⌫��

n ! pe⌫ ⇡ ! e⌫ n ! p⇡eenn ! ppee ⇡⇡ ! ee

dim� 9

dd ! uuee

dim� 7

(d ! ue⌫)⌦ @µ

dim� 6

d ! ue⌫

Master formula 
(Eq. 38)

Cirigliano, Dekens, de Vries, Graesser, Mereghetti, JHEP 12, 097 (2018)
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▪Ab initio calculations show a  enhancement of the 
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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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▪  decay is a robust yet challenging probe for BSM physics 
and neutrino properties 

▪ Ab initio methods are becoming capable of computing the 
needed nuclear matrix elements 

▪ EFT analysis of the operators allows for uncertainty 
quantification  

▪ Next-generation experiments likely to fully cover the inverted-
hierarchy band of neutrino masses

0νββ

χ

▪ Nuclear deformation 

▪ Two-body currents 

▪ Consistent order-by-order convergence study 

▪ Different mechanisms, …
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