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New physics in 0νββ



 Brief introduction

 Neutrinoless double data decay (0νββ) in light

    neutrino exchange mechanism
       Different upper limits of �휷휷 due to NME uncertainties (short-range contact term)

 0νββ process in minimal Type-I seesaw
       Constraints of minimal Type-I seesaw from current and future 0νββ experiments

 Summary
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you?
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Furry,  1939

Brief background

Mayer, 1935; first detected in 1987 
by Moe

Majorana, 1937

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002 1018 yr－1021 yr
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Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002 

130Te>1026 yr

Future Exps  >1028 yr

76Ge>1026 yr

136Xe>1026 yr

Experimental results and future proposals
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Rodejohann, Int.J.Mod.Phys.E 20 (2011) 

Theoretical mechanism→which one dominates?

Phase space factor + nuclear matrix element (NME) ?+ new physics parameter ?(effective 
neutrino mass)
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 Quenching effect: correct the NME by q2 and the decay rate by q4 

     (Ab initio many- body theory)

 Short- range NME: Contact operator suggested to contribute to light- neutrino exchange, Cirigliano et al. PRL2018

 We do not know neither the value or the sign of short- range NME well.
 Unknown value of the hadronic coupling ��

NN, to be determined experimentally or Lattice QCD calculations 

Formula (light neutrino exchange mechanism)

Cirigliano et al , Phys.Rev.Lett. 120 (2018) 20, 202001



8Long-range NME

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002 
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Phys. Lett. B 823 (2021) 136720

Short-range NME (contact term)

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002 

More recent discussion: Cirigliano et al, PRL2021; Yang and Zhao, PLB2024;
                                        Liu, Huang, Fang arXiv:2405.10503



10Current constraints



11Sensitivities to (q2mββ)True at 3σ 



  12Formulas (minimal type-I seesaw) 

minimal Type-I seesaw
NMO, [1,4] meV
IMO, [15, 50]  meV

Mass dependent nuclear matrix element (NME)

Agostini et al., Rev. Mod. Phys. 2023



  13Mass-dependent NME

 dQRPA: Numerical 
calculation

 Others: interpolation 
with two extreme values

 dQRPA: agrees with 
ISM for light neutrinos 
and tends to be 
consistent with CDFT 
for heavy neutrinos

 In light neutrino mass 
the NME from dQRPA 
model is smaller than 
that of the IBM-2 model, 
and in heavy neutrino 
mass the reverse 
applies.



  14∆�� functions of meff

gA=1, Argonne src



  15Current limits (M1 & |Re1|2)  

 3σ C.L
 Gray regions：

excluded regions 
in the case of 
CDFT model

 Different choices 
of parameters 
and models are 
scanned (not as 
Gaussian) 

 Both the 0νββ-
decay and 
oscillation data 
are used

 The IMO case is 
similar

 The peak shape
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 The IMO case is 
similar

 The NME hierarchy 
changes with 
neutrino mass

Current limits (M1 & M2)  



  17Constraints from other probes 

Bolton, Deppisch, Bhupap Dev，JHEP 2020

Faessler,Kovalenko,Simkovic, PRD2014

 3+1case: similar to the case M2 ≫ M1

 0νββ data provide strongest limits in 
the mass range considered here 



  18Future sensitivities 

Assumed number events

Assuming no positive 0νββ signal is observed, 
Leading to sensitivities independent of true NME model 

T=10 yr



  19Future sensitivities (M1 & M2)

The NMO case

More parameter 
space can be 
tested compared 
the current 
experiments



  20Future sensitivities (M1 & M2)

 The IMO case

 The wide pink 
region in the upper 
left panel:

     mainly different   
     δ14 values

 Much more parameter 
space are expected to 
exclude than NMO case 
due to zero positive 0νββ 
signal assumed

 By assuming enough 
positive 0νββ signal, 
possible to discriminate 
NME calculations and

    more parameter 
    space can be
    excluded in the
    NMO case



  21Summary  

 NME uncertainties due to the SRI may lead to the bound on q2mββ 
varying by a factor of order 5

 Comparison of  mass dependent NMEs in different nuclear models

 Derivation of limits and sensitivities on the parameter space  of minimal type-I 
seesaw from current and future 0νββ experiments
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 From 0νββ to mββ : improving the calculations of NME
 From 0νββ to discriminating NME models: more information on mββ 

 Better understanding the short-range NME in 0νββ
 Better understanding the nuclear structure
 The quenching problem
 NME statistical uncertainties
 LEC from lattice calculations
 Sensitivities to different particle physics mechanisms and 

how to distinguish them
 ...

Outlook

Data New
Physics

NME



Thank you!

Majorana neutrino, 

to be or not to be

This is a question!


