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Calculation of 
nuclear matrix 
elements (NME)

0νββ

Cosmology

Matter- antimatter 
asymmetry

Particle
Physics

Nuclear
Physics

Big picture 

Experiments:
 Find compromises between nature abundance, Q-value, priced enrichment and 

detector techniques
 Key parameter: background, exposure, energy resolution

The production mechanism BSM 
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Furry,  1 939

Brief background

Mayer, 1 935; first detected in 1 987 by 
Moe

Majorana, 1 937

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 

Brief background

130Te>1026 yr

Future Exps  >1028 yr

76Ge>1026 yr

136Xe>1026 yr
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Cirigliano et al., JHEP 2018

Naive Dimensional 
Analysis(NDA) 

problem

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

A general theoretical framework
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Rodejohann, Int.J.Mod.Phys.E 20 (201 1 ) 

Theoretical mechanism→which one dominates?

Phase factor + nuclear matrix element ?+ new physics parameter ?(effective neutrino mass)
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NνDEx

CDEX

JUNO

CDEX

Experimental techniques @CJPL
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Motivations：

 Interpreting the constraints/sensitivities on �휷휷 of current/future 0νββ 
experiments

 Checking the possibilities of discriminating NME models in future 0νββ 
experiments

New techniques and more exposure are being pursued to take us beyond the IO.
Discovery could come at any time!

NME → mββ 

 Schwetz, Popma, Zhu, JHEP 06 (2023) 1 04
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 Quenching effect: correct the NME by q2 and the decay rate by q4 

     (Ab initio many- body theory, see Yao’s talk later)

 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 �νNN, to be determined experimentally or Lattice QCD calculations 

Formula (light neutrino exchange mechanism)
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Long-range NME

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

Fang, Faessler, Simkovic, PRC2018

Fang, Faessler, Simkovic, PRC2018

Song, Yao, Ring, Meng, PRC2017
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Phys. Lett. B 823 (2021 ) 1 36720

Short-range NME

Agostini et al. Rev.Mod.Phys. 95 (2023) 2, 025002 
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Current constraints
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Sensitivities to (q2mββ)True at 3σ 
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m휷휷=0, T=10 yr

The significance of observing one positive signal: 
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  i=Q2

(q2m휷휷)True=40 meV(q2m휷휷)True=10 meV

(∆�풊�� ) as function of q2mββ
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Contours of (∆�ij�)min as function of T and (q2mββ)True

(without short- range NME)
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(q2m휷휷)True=10 meV

(q2m휷휷)True=40 meV

Discrimination with short-range NME, T=10 yr
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�ββ
퐓퐫��corresponding to discrimination at 3σ 

(with short- range NME)
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���
퐓퐫��corresponding to discrimination at 3σ 

(with short- range NME)
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 NME uncertainties due to the SRI may lead to the bound on q2mββ 

varying by a factor of order 10

 Promising discrimination of different NMEs if (q2mββ)True > 40 meV， 

positive SRI and 10 year exposure

 Similar analysis can be performed in the case of other 0νββ 

production mechanism (Phys.Rev.D 1 08 (2023) 5, 055023)

Conclusions
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 From 0νββ to mββ : improving the calculations of NME
 From 0νββ to discriminating NME models: more information on mββ 

Which direction do you bet will get through first? 
(the former one?)

 Better understanding the short-range NME in 0νββ
 Better understanding the nuclear structure
 The quenching problem
 NME statistical uncertainties
 LEC from lattice calculations

Outlook

More talks on this soon

Data New
Physics

NME



Where 
are 

you?



Thank you!

Majorana neutrino, 

to be or not to be

This is a question!
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Backups
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The contours of (∆�풊�
� )min as function of the exposure time T and (q2m휷휷)True
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