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ChisquareQuantile(90%,1)=2.7

undercoverage
region

overcoverage
region

data 
likelihood



CL Concept How to compute

limit 
setting 90%

signal 
discovery

99.7% 
(
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90% CL limit 
setting

3σ signal 
discovery

[M.A., G Benato and J A Detwiler, PRD 96, 053001 (2017)]



90% CL limit 
setting

3σ signal 
discovery

-ln(0.5)=0.7-ln(99.7)=0.003
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[M.A., G Benato and J A Detwiler, PRD 96, 053001 (2017)]



90% CL limit 
setting

3σ signal 
discovery

➢

➢

➢

➢

➢

[M.A., G Benato and J A Detwiler, PRD 96, 053001 (2017)]



➢

➢

➢

➢

➢

➢

[M.A., G Benato and J A Detwiler, PRD 96, 053001 (2017)]
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KamLAND-Zen
(n)EXO

NEXT
PandaX

CUORE
CUPID
AMORE
Majorana
GERDA



[Phys.Rev. Lett. 117 (2016) 109903]
[Phys.Rev. Lett. 120 (2018) 072701]
[Phys.Rev. Lett. 120 (2018) 132501]



[Phys.Rev. Lett. 117 (2016) 109903]
[Phys.Rev. Lett. 120 (2018) 072701]
[Phys.Rev. Lett. 120 (2018) 132501]
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Location
Isotope

Technology
Isotope Mass

0𝜈𝛽𝛽 efficiency
Resolution [𝜎]
Latest results

Sensitivity

Kamioka, Japan
136Xe [ 2458 keV]
Xe-loaded liquid scintillator
350 kg
16%
100-120 keV
T1/2 > 1.1·1026 yr (90% CL)
T1/2 > 5.6·1025 yr (90% CL) Frequentist likelihood fit

● Multivariate: E vs R
● Wilks’ approximation 

tested with toy MC



Location
Isotope

Technology
Isotope Mass

0𝜈𝛽𝛽 efficiency
Resolution [𝜎]
Latest results

Sensitivity

WIPP, New Mexico, USA
136Xe [ 2458 keV]
TPC with liquid Xe
76 kg
80%
34 keV
T1/2 > 1.8·1025 yr (90% CL)
T1/2 > 3.7·1025 yr (90% CL)

[Phys.Rev.Lett. 120 (2018) no.7, 072701]

Frequentist binned likelihood fit:
● multivariate (energy, position, TMVA observables)
● Wilks’ approximation valid (coverage tested)



Location
Isotope

Technology
Isotope Mass

0𝜈𝛽𝛽 efficiency
Resolution [𝜎]
Latest results

Sensitivity

LNGS, Italy
130Te [ 2527 keV]
Cryogenic calorimeters
206 kg
68%
3.3 keV
T1/2 > 1.5·1025 yr (90% CL)
T1/2 > 0.7·1025 yr (90% CL)

[Phys. Rev. Lett. 120, 132501 (2018)]Bayesian:
➢ flat prior
➢ profiling instead of 

marginalization

Frequentist:
➢ bounded profile 

likelihood 
➢ Wilks approximation

1000 
detectors



Frequentist:

➢ extended unbinned likelihood

➢ profile likelihood

➢ FC construction (only for best fit 
value of nuisance parameters)

Bayesian:

➢ flat prior

No events in 
Qββ±2σ

Location
Isotope

Technology
Isotope Mass

0𝜈𝛽𝛽 efficiency
Resolution [𝜎]
Latest results

Sensitivity

LNGS, Italy
76Ge [ 2039 keV]
Semiconductor Ge detectors
35 kg
65%
1.3 keV
T1/2 > 0.9·1026 yr (90% CL)
T1/2 > 1.1·1026 yr (90% CL)

[Nature 544 (2017) 47]



Toy example



How to split data in subsets? One data set for each detector?

➢ 40 detectors, 5 counts in analysis window

➢ 1 parameter of interest (
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Toy example
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[Phys.Rev.Lett. 120 (2018) no.7, 072701]
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Statistical Method in the last 
PRL of the MAJORANA 

DEMONSTRATOR

T1/2 lower 
limit

90%  prob
[1025 yr]

T1/2 lower 
limit 

sensitivity
[1025 yr]

Counting (FC) 1.6

Unbinned likelihood fit (FC) 1.9 2.1

Unbinned likelihood fit & CLs 1.5 1.4

Bayesian flat prior 1.6

Bayesian Jeffreys prior 2.6

[Phys. Rev. Lett. 120, 132502 (2018)]
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𝜈𝛽𝛽 current gen         mid-term        long-term

Solid detectors

Cryogenic Calorimeters
CUORE                                                        
CUPID-0
AMORE                                                       AMORE II

CUPID

Ge semiconductor GERDA
MJD                 LEGEND-200 LEGEND-1000

Gas/Liquid detector

Liquid scintillator KZ
                  

KZ-800
SNO+ phase I

KamLAND2-Zen
SNO+ phase II

Time Projection chambers 
EXO                                                        

NEXT-10
                                                        

NEXT-100
PANDA-X-III

nEXO
NEXT-2.0

PANDAX-III 1t

External detectors Magnetized tracking NEMO                  SUPERNEMO

[Adapted from A Giuliani, Neutrino2018]



[M.A., G Benato and J A Detwiler, PRD 96, 053001 (2017)]
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[M.A., G Benato and J A Detwiler, Phys. Rev. D 96, 053001 (2017)]
see also [A Caldwell et al, Phys.Rev. D96 (2017) no.7, 073001]



[W Rodejohann, Int.J.Mod.Phys. E20(2011)]

[M.A. et a., PRD 96, 053001 (2017)]

[King et al,, JHEP 1312, 005 (2013)] 

[M.A. et al., EPJ C76 (2016) no.4, 176]

Sterile Neutrinos

Flavour Models

Sterile Neutrinos

[Cirigliano et al. JHEP 12 082 (2017)] 

Dimension 7 operators

Bayesian global fits



2 𝜎

1 𝜎



● 1 𝜎 fluctuation in NOVA (no sensitive)
● 2 𝜎 fluctuation in T2K (no sensitive)
● 1 𝜎 residual fluctuation of NOVA + T2K 
● 2 𝜎 hint for NOVA + T2K + REA 




