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SNOLAB (Canada): 
SNO+ (130Te)

SURF (USA): 
MAJORANA (76Ge) 
LZ-nat (136Xe)

WIPP (USA): 
EXO-200 (136Xe)

LSC (Spain): 
NEXT-100 (136Xe) 
CROSS (100Mo)

Kamioka (Japan): 
KamLAND-Zen (136Xe)

CNJL(China): 
PandaX-III-200 (136Xe)

LNGS (Italy): 
GERDA (76Ge) 
CUORE (130Te) 
CUPID-0 (82Se) 
LEGEND-200 (76Ge)

LSM (France): 
CUPID-Mo (100Mo) 
NEMO-3 (100Mo) 
SuperNEMO-D (82Se)

Current record: 
 years 

KamLAND-Zen: arXiv:2406.11438 (hep-ex)
T0ν

1/2(
136Xe) > 3.8 × 1026
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NEXT-GENERATION EXPERIMENTS
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SNOLAB (Canada): 
SNO+II (130Te)

Kamioka (Japan): 
KamLAND2-Zen (136Xe)

Yemilab (Korea): 
PandaX-III-200 (136Xe)

LNGS (Italy): 
CUPID (100Mo)

LSM (France): 
SuperNEMO (82Se)

+ LEGEND-1000 (76Ge), nEXO/XLZD (136Xe), NEXT-HD (136Xe), Darwin (136Xe), … 

Goal:  yearsT0ν
1/2 ∼ 1028
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operators  
(Long- and pion-range) 
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(short-range) 
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M
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⇤
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dim� 3

m�� : ⌫ ! ⌫c

⌫ ! ⌫c

0⌫�� 0⌫��
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GT,T MF,sd, M

AA,AP,PP
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1/2(0

+ ! 0+)

Electroweak symmetry 
breaking

Match to ChiPT  
(LECs in Table 1)

Construct             
operators (Eq. 24)
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Phase space integrals  
(Table 4)
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(Eq. 38)
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▪ If light-neutrino-exchange is not the 
driving mechanism, no direct 
connection to Majorana mass 
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▪ Need nuclear-theory input
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CHIRAL EFFECTIVE FIELD THEORY FOR  DECAY0νββ
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CONTRIBUTION FROM MASSIVE 
NEUTRINOS

▪ Hard neutrinos:   

▪ Soft neutrinos:   Loop diagrams 

▪ Potential neutrinos:    

▪ Ultrasoft neutrinos:   Coherent contribution
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SHORT-RANGE NUCLEAR MATRIX 
ELEMENTS
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Todd, Shickele, Belley, Jokiniemi, Holt, submitted to PRL

M0N = M0N
GT − ( gV

gA )
2

M0N
F + M0N

T
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TOY MODEL: 3+1 SCENARIO

23

Todd, Shickele, Belley, Jokiniemi, Holt, submitted to PRL
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νe
νμ
ντ
νR

=

Ue1 Ue2 Ue3 UeN

Uμ1 Uμ2 Uμ3 UμN

Uτ1 Uτ2 Uτ3 UτN

UR1 UR2 UR3 URN

ν1
ν2
ν3
νN
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LIGHT STERILE-NEUTRINO EXCHANGE
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CONTRIBUTION FROM ULTRASOFT 
AND HARD NEUTRINOS
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CONTRIBUTION FROM ULTRASOFT 
AND HARD NEUTRINOS
▪ Coherent contribution from ultrasoft 

( ) neutrinos  
 
k0 ∼ |k | ∼ k2

F /mN

A(usoft)
ν (mi) ∝ ∑

n

⟨0+
f |𝒥π |1+

n ⟩⟨1+
n |𝒥μ |0+

i ⟩

× (f(mi, ΔE1) + f(mi, ΔE2))
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k0 ∼ |k | ∼ Λχ

A(hard)
ν (mi) ∝ gNN

ν (mi)MF,sd

25

C O N S T R A I N I N G  N E U T R I N O  P R O P E R T I E S  B Y  D O U B L E - B E TA  D E C AY

25.02.2026

Shickele, Jokiniemi, Deppisch, Belley, Holt, in preparation 



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

CONTRIBUTION FROM ULTRASOFT 
AND HARD NEUTRINOS
▪ Coherent contribution from ultrasoft 

( ) neutrinos  
 
k0 ∼ |k | ∼ k2

F /mN

A(usoft)
ν (mi) ∝ ∑

n

⟨0+
f |𝒥π |1+

n ⟩⟨1+
n |𝒥μ |0+

i ⟩

× (f(mi, ΔE1) + f(mi, ΔE2))
▪ Contact term from hard ( ) 

neutrinos 
 

 
Cirigliano, Dekens, Urrutia Quiroga, JHEP04(2025)181

k0 ∼ |k | ∼ Λχ

A(hard)
ν (mi) ∝ gNN

ν (mi)MF,sd

25

C O N S T R A I N I N G  N E U T R I N O  P R O P E R T I E S  B Y  D O U B L E - B E TA  D E C AY

25.02.2026

See T. Shickele’s poster for details

Shickele, Jokiniemi, Deppisch, Belley, Holt, in preparation 



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

CONTRIBUTION FROM ULTRASOFT 
AND HARD NEUTRINOS
▪ Coherent contribution from ultrasoft 

( ) neutrinos  
 
k0 ∼ |k | ∼ k2

F /mN

A(usoft)
ν (mi) ∝ ∑

n

⟨0+
f |𝒥π |1+

n ⟩⟨1+
n |𝒥μ |0+

i ⟩

× (f(mi, ΔE1) + f(mi, ΔE2))
▪ Contact term from hard ( ) 

neutrinos 
 

 
Cirigliano, Dekens, Urrutia Quiroga, JHEP04(2025)181

k0 ∼ |k | ∼ Λχ

A(hard)
ν (mi) ∝ gNN

ν (mi)MF,sd

25

C O N S T R A I N I N G  N E U T R I N O  P R O P E R T I E S  B Y  D O U B L E - B E TA  D E C AY

25.02.2026

See T. Shickele’s poster for details

Shickele, Jokiniemi, Deppisch, Belley, Holt, in preparation Bolton, Deppisch, Dev, JHEP 2020, 170 (2020)



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

SUMMARY AND OUTLOOK

26

▪  decay is a robust yet challenging probe for 
beyond-standard-model physics and neutrino properties 

▪ EFT analysis of the operators allows for uncertainty 
quantification in ab initio framework 

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

▪ Reliable nuclear-theory predictions needed to 
distinguish -decay mechanism

0νββ

χ

0νββ

▪ Correlated nuclear matrix elements 
▪ Two-body currents 
▪ Different mechanisms,…

TODO
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