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The quest for Neutrinoless Double Beta Decay (0νDBD) represents the most promising way to assess the neutrino mass nature, Dirac or Majorana. 
The LUCIFER project, financed by an ERC-AdG, aims to search for 82Se 0νDBD by means of an array of ZnSe scintillating bolometers. As in other rare process 

searches, the greatest obstacle to improve the experimental sensitivity is the achievable background level. The simultaneous read-out of heat and 
scintillation light signals allows to discriminate between α background and β/γ’s, providing a background lower than 0.01 counts/kg/keV/year in the ROI.  

The use of 82Se enriched crystals will provide an additional improvement of the sensitivity. 
The current status of LUCIFER project as well as the recent results of R&D on ZnSe crystals are presented.
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Present R&D status

Scintillating bolometers

When a bolometer is an 
efficient scintillator at 
low temperatures, a small 
but significant fraction 
of the deposited energy 

is converted into 
scintillation photons 
while the remaining 

dominant part is detected 
in the form of heat
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Different particles have different 
scintillation light yields

The simultaneous read-out of heat and 
light allows to distinguish β/γ 

signals from α ones, suppressing the 
overall background in th ROI

Ideally a zero background 
technique!

Most of the detectors for rare event search are operated in 
underground laboratories in order to suppress upcoming radiation

Residual background can be suppressed by several shields          
(Pb, Cu, borated polyethylene)

Great advantages can be 
achieved by choosing a 

compound that contains a 
0νDBD candidate with      

high Q-value

β/γ background is 
suppressed but α continuum 
can still represent a high 

contribution

Background reduction

Neutrinoless Double Beta Decay

If observed       MAJORANA NEUTRINO

Nuclear process:  (A,Z) ! (A,Z+2) + 2e-

The measurable quantity is the half-life:      .  

Phase space 
factor: ~ Q5

Nuclear Matrix 
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Effective 
neutrino mass

Signature: 
monochromatic line at the Q-Value
Background:
‣ Double Beta Decay with neutrinos
‣ Primordial U,Th (τ ~ 109 y)
‣ Neutron and cosmic inducedEnergia degli elettroni
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First LUCIFER-size ZnSe crystals have been tested in LNGS 

In the 
meanwhile,  

great effort on 
light detectors 
optimization

A detailed 
characterization 
of ZnSe crystals 
from the LUCIFER 
production line is 
presently ongoing

Calibration with smeared α 
and 208Tl sources 

Preliminary tests 
confirm expected 

properties

Further background 
rejection based on 
light signal shape 

is being 
investigated

The LUCIFER 
project

Chosen crystal: enriched (95%) Zn82Se
Decay: 82Se ! 82Kr + 2e-
Q-Value: 2995 keV
α vs β/γ light yield ratio: ~ 4 
Energy resolution (Heat): ~ 10 keV FWHM
Structure: tower of 36 ÷ 44 crystals
Location: CUORE-0 cryostat @ LNGS (Italy)
Total 82Se nuclei: (7.1 ÷ 8.9)∙1025 
Foreseen live time: 5 years
Expected background in the ROI: ~ 5∙10-3 counts/kg/keV/year
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R&D on light detectors

Thermistor production

Natural crystal (growth) R&D

15 kg 82Se production

Enriched crystal growth

Detector assembly

LUCIFER Roadmap
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