
The physics of LUCIFER: 
NEUTRINOLESS DOUBLE BETA DECAY (2b(0n))

Phase space factor

Nuclear decay:
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Nuclear Matrix Element

Effective mass =  S U2
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EXPERIMENTAL POINT OF VIEW:

2b(2n)

2b(0n)

Monochromatic peak at the Q-value of the decay

A parameter is introduced in order to compare 
different experiments:  the Sensitivity S0n

e = efficiency
i.a. = isotopic 
abundance
A = atomic mass

Excellent resolution
Large source mass

Very low background 

SCINTILLATING BOLOMETERS!But…very rare process  never been observed

In order to achieve a high sensitivity  we need:

T = measurement time (y)
DE = energy resolution (keV)
b = background (c/keV/kg/y)
M = source mass (kg)

THE BOLOMETRIC TECHNIQUE
The energy release E due to an interaction in the bolometer gives rise 
to a temperature variation DT  DT = E /C  

A sizeable DT can be obtained by 
choosing absorbers with small thermal 
capacitance C. 
The measurement of the heat provides a 
very high resolution (≈ 5 keV @ 2615 keV)
In addition, radio-pure crystals with several 
2b emitters can be grown

This technique is well known (CUORICINO experiment with 130Te)
The main challenge for bolometric experiments is the reduction of the 
radioactive background! 

THE BACKGROUND ISSUE
The background due to the b/g radioactivity can be suppressed by 
choosing a  2b candidate with high Q-value. Unfortunately, an isotope 
with high Q-value and high i.a. doesn’t exist  compromise!

The background for bolometers is due mainly to contaminations of 
the materials close to the detector (or of the detector itself)

LUCIFER will study 82Se. Due to the high Q-value, the main source of 
background for this isotope is given by a contaminations of the inert 
materials facing the detector.
We can get rid of this contribution through the scintillating bolometers.

Background 
dominated by g’s Mainly a

SCINTILLATING BOLOMETERS
A scintillating bolometer is a composite device 
that provides the double read-out heat/light of 
an event. The light is measured by a second 
bolometer (Ge or Si disk).

We need a scintillating crystal that 
contains the 2b emitter (82Se). 

The different Light Yield allows to 
discriminate the signal (b/g) from the 
background (a, n).

LUCIFER will use ZnSe crystals

CURRENT STATUS OF THE R&D
Many crystals with different masses and dimensions were tested

Crystal 
name

Color Mass
[g]

LY (b/g)
[keV/MeV]

QFa

[a.u.]

Small Yellow 37.5 1.3 4.4

Large Red 120 7.5 4.2

Huge Orange 337 4.6 3

The reproducibility of the stoichiometric composition and of the LY still 
represents a delicate issue. Nevertheless, encouraging results were obtained:

 Radio-pure crystals 
 Good discrimination power
 Pulse shape analysis (PSA) on the 
Light Signal could provide a further 
background suppression

PROSPECTS
LUCIFER will constitute in a tower of ZnSe crystals and light readers (the tower set-up 
has to be optimized).

Using these values, we expect a sensitivity on the 
82Se half-life of 2.3x1026 years,
This corresponds to a limit to mbb of 52-65 meV.

Data taking is foreseen to start in 2014

NEXT GOALS
In the next months, the R&D activity will be focused on 

the following topics:
82Se enrichment: we are 

negotiating a good contract 
for the isotopical enrichment

(with Institute for Single 
Crystals, Kharkov, Ukraina)

Optimization of the Light 
Detector: Si or Ge slab? 

Which features (dimensions, 
SiO2 coverage…) optimize the 

resolution?

Optimization of the 
bolometers

Q – Value
82Se -> 82Kr + 2e

82Se 
natural i.a.

Useful
material

LY (b/g )
[keV/MeV]

QF
[a.u.]

2995 keV 9% 56% ~7 ~4 (>1!!)
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ZnSe growth: we must ensure 
that radio-pure crystals can be 

grown with an efficient 
cristallization process

Study of ZnSe optical 
properties

Importance of the process:
It can happen only if n is a Majorana particle
From its lifetime  T1/2 we can measure n absolute mass mbb :

a (degradred 238U source)

b/g (by n,g reaction)

Baseline:
b = 10-3 counts/keV/kg/y
DE = 5 keV
i.a. = 95%
M = 31.7 kg (17.6 kg 82Se)
Live Time = 5 y

QF > 1


