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▪ Light-neutrino exchange the most 
commonly studied mechanism

▪ Does not require introducing 
additional particles

▪ Other exchange mechanisms (sterile-
neutrino, scalar, …) are also possible 
 
 
 

▪ In this talk, I will focus on the light-neutrino 
exchange

See talk by S. Urrutia Quiroga 
later in this session
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• Different parameters/ 

nuclear interactions 
• Different model spaces 
• Reference state  

dependence 
• …
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Figure courtesy of P. Navrátil
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Figure courtesy of P. Navrátil

Current ab initio
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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)

C I PA N P  2 0 2 5  /  A B  I N I T I O  C A L C U L AT I O N S  O 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

11.06.2025

H = T + VNN + V3N + . . .



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

AB INITIO NUCLEAR THEORY

9

Figure courtesy of P. Navrátil

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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Yao, Belley, Wirth, Miyagi, Payne, Stroberg, Herbert, Holt, Phys. Rev. C 103, 014315 (2021)
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ℏΩ = 16 MeV
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Belley, Payne, Stroberg, Miyagi, Holt, Phys. Rev. Lett. 126, 042502 (2021) 
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Belley, Payne, Stroberg, Miyagi, Holt, Phys. Rev. Lett. 126, 042502 (2021) 
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Belley, Payne, Stroberg, Miyagi, Holt, Phys. Rev. Lett. 126, 042502 (2021) 
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Nuclear 
shell model
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operators (Eq. 24)

NMEs (Table 2)
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(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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M0ν = M0ν
L

V. Cirigliano et al., Phys. Rev. Lett. 120, 202001 (2018), Phys. Rev. C 100, 055504 (2019)
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CHIRAL EFFECTIVE THEORY OPERATORS 
FOR  DECAY0νββ
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M0ν
S = 2gNN

ν
2R
πg2

A
⟨0+

f |∑
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τ−
mτ−

n ∫ j0(qr) e−q2/(2Λ2) q2dq |0+
i ⟩

∼ C1 ≡ gNN
ν
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▪ What to do?
Fit to lepton-number violating data
Determine from lattice QCD 
Cirigliano, Davoudi, Engel, Furnstahl, Hagen et al.,  J. Phys. G. Nucl. Part. Phys. 49, 120502 (2022)
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Cirigliano, Davoudi, Engel, Furnstahl, Hagen et al.,  J. Phys. G. Nucl. Part. Phys. 49, 120502 (2022)

Fit to charge-independence breaking (CIB) term of NN scattering: 

 
Cirigliano, Dekens, de Vries, Graesser, Mereghetti, Pastore, van Kolck,  Phys. Rev. Lett. 120, 202001 (2018)
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Cirigliano, Dekens, de Vries, Graesser, Mereghetti, Pastore, van Kolck,  Phys. Rev. Lett. 120, 202001 (2018)
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▪Ab initio calculations show a  enhancement of the 
nuclear matrix elements of light nuclei ( ) 
Cirigliano, Dekens, de Vries, Graesser, Mereghetti, Pastore, van Kolck, Phys. Rev. Lett. 120, 202001 (2018)

∼ 10% − 60 %
A ≤ 12

C I PA N P  2 0 2 5  /  A B  I N I T I O  C A L C U L AT I O N S  O 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

Cirigliano, Dekens, de Vries, Graesser, Mereghetti, Pastore, van Kolck,  
Phys. Rev. Lett. 120, 202001 (2018)

M0ν
S = 2gNN

ν
2R
πg2

A
⟨0+

f |∑
m,n

τ−
mτ−

n ∫ j0(qr) e−q2/(2Λ2) q2dq |0+
i ⟩

11.06.2025



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

THE CONTACT TERM

15
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nuclear matrix elements of light nuclei ( ) 
Cirigliano, Dekens, de Vries, Graesser, Mereghetti, Pastore, van Kolck, Phys. Rev. Lett. 120, 202001 (2018)

∼ 10% − 60 %
A ≤ 12

▪Nuclear shell model & pnQRPA predict  & 
enhancements in  nuclei 

Jokiniemi, Soriano, Menéndez, Phys. Lett. B 823, 136720 (2021)

∼ 15% − 50 %
∼ 30% − 80 % A = 48…136
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▪NSM with generalized contact formalism gives 
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▪VS-IMSRG shows enhancement in 76Ge, 130Te, 
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▪ VMC study shows that the loops have a 
effect on the 10He  10Be transition 

Pastore, Carlson, Cirigliano, Dekens, Mereghetti, Wiringa, Phys. 
Rev. C 97, 014606 (2018)
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▪ VMC study shows that the loops have a 
effect on the 10He  10Be transition 

Pastore, Carlson, Cirigliano, Dekens, Mereghetti, Wiringa, Phys. 
Rev. C 97, 014606 (2018)

≤ 10 % →

▪ Nuclear shell model and pnQRPA confirm the 
effect in heavier nuclei (A=48…136) 
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Gómez-Cadenas, Martín-Albo, Menéndez, Mezzetto, Monrabal, Sorel, La Rivista del Nuovo Cimento 46, 619 (2023)
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See talk by A. Belley 
tomorrow 4:23 pm

First NME with  
quantified  
uncertainty
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SUMMARY AND OUTLOOK
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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 

▪ …
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See talk by G. Chambers-Wall 
tomorrow at 4:46 pm


