
The FLARES project:  
an innovative detector technology for rare 

events searches 

L. Gironi on behalf of the FLARES collaboration  

Università degli Studi di Milano - Bicocca 

INFN di Milano - Bicocca 

14th   Vienna Conference on Instrumentation  

Vienna, Feb 15  - 19, 2016  



Luca Gironi  Vienna, Feb 15 -19, 2016 2 

Neutrinoless Double Beta Decay (0 ɜDBD)  
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Å Not  allowed  in  Standard  Model  (æL=2) 

Å The decay occurs only  if  neutrinos  are 

Majorana  particles  

Å Requires  neutrino  is a massive particle  

Å The decay rate  depends on the òeffective 

Majorana  massó 

 

Å Allowed in Standard Model  

Å Already observed for several nuclei 

(half -lives of the order 10 18 ĭ 1021 y) 
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Å Possible for ~35 nuclei, only ~10 really interesting  

Å Extremely rare process (T 0Ȍ
1/2 > 1024 -1025 y) 

Neutrinoless Double Beta Decay (0 ɜDBD)  

Excluded by 0 ȌDBD experiments  

Next generation 0 ȌDBD experiments  
 T0Ȍ ~ 1026-1027y 

 T0Ȍ ~ 1027-1028y 

Neutrino  

oscillations  

constrains  
Experiments able of 

measuring such low 

rate are a 

technological 

challenge!!!  
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Experiments with background  ôZeroõ background experiments 

Sensitivity : the process half -life corresponding to the maximum signal that could 

be observed (over the background fluctuations) at a given statistical C.L..  
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Detector sensitivity for rare events searches  

Critical experimental parameters: M, T, B, Ǥ 
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Live Time and Mass  

Live Time  
 

Å It  could be considered a constant  since commonly  live  time  of 5-10 y  are used 

(i t  is hard  to think  to data  taking  much longer)   

Å The duty  cycle must  be optimized  in  order  to have live  time  å data  taking . 

Mass  
 

Since the  live  time  is fixed  (e.g. 5 y), the  maximum  sensitivity  reachable (i .e. zero 

background  experiments)  depends only  on the  number  of isotope nuclei : 

 

 

 

 

 

 

 

Low cost mass scalability and high isotopic abundances are mandatory 

for future experiments!!!!  
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Selection of isotopes with high natural 

abundance and enrichment.  
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Energy resolution and background ð Toy MC  

Toy MC assumptions:  
Å Isotope mass = 103 kg 

Å T0Ȍ = 1027 y 

Energy resolution  

1% 2% 5% 10% 
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Å Live Time = 5y  

Å Detector efficiency = 1  
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Energy resolution and background ð Toy MC  

Toy MC assumptions:  
Å Isotope mass = 103 kg 

Å T0Ȍ = 1027 y 

Å Live Time = 5y  

Å Detector efficiency = 1  
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Energy resolution  

1% 2% 5% 10% 
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Energy resolution and background + 2 ȌDBD ð Toy MC  

Toy MC assumptions:  
Å Isotope mass = 103 kg 

Å T0Ȍ = 1027 y 

Å Live Time = 5y  

Å Detector efficiency = 1  

Å T2Ȍ = 1021 y 
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Energy resolution  

1% 2% 5% 10% 
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Energy resolution and background + 2 ȌDBD ð Toy MC  

The continuous background of the two neutrino double 

beta decay is unavoidable  

2Ȍ rate in ROI  

High energy resolution detectors are mandatory!  

0ȌDBD candidate  
Q  

[keV]  

T2Ȍ  

[y]  

R2Ȍ (Ǥ=50 keV)  

[c/y/ton iso] 

R0Ȍ (mȁȁ=50 meV) 

[c/y/ton iso] 

116Cd  2814 2.8·1019 2.1·10-1 6.8-23.8 

82Se 2996 9.2·1019 6.8·10-2 4.4-38.7 

100Mo  3034 7.1·1018 6.8·10-1 8.9-71.3 
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Energy resolution  

1% 2% 5% 10% 
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0ȌDBD experimental sensitivity - Inorganic scintillator  

M 

Å Flexibility in the choice of the 0ȌDBD  candidate (optimization  of the isotopic abundance)  

Å Very high detection efficiency (source=detector)  

Å Mass scalability  

T Å High  duty cycles (~100%) 

B 

Å Flexibility in the choice of the 0ȌDBD  candidate (Q-value in a low background  region)  

Å Alpha background reduction thanks to  

Å pulse shape discrimination  

Å scintillation quenching factor for alpha particles as low as 0.2  

Å Can be grown with high intrinsic radiopurity  

æ Å So far the limiting factor for the use of this technique for  the 0ȌDBD searches 

The main challenge for FLARES is to demonstrate to be able  

to reach energy resolution of ~1 -2% 
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0ȌDBD candidates with good isotopic abundances (>5%) and transition energy above 

most intense Ȃ line from natural radioactivity (2615 keV, 208Tl)  

The choice of the compound 

11 

Candidates  Q [keV]  i.a. [%]  

116Cd  2814 7.5 

82Se 2996 8.7 

100Mo  3034 9.6 

130Te 76Ge 100Mo 116Cd 

Environmental ñundergroundò 

background 

82Se 

Isotope  Available scintillating crystals  

116Cd  CdWO4, CdMoO4 

82Se ZnSe 

100Mo  CaMoO4, ZnMoO4 
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Inorganic scintillating crystals  

CaMoO
4
 

~ 25000 ph/MeV 

~ 8000 ph/MeV 

Many scintillating crystals show 

a light yield increase as the 

temperature is lowered  

V.B. Mikhailik  et al., NIM A 583 (2007) 350  

CaMoO 4 CdWO 4 

300 K 120 K 300 K 120 K 

Density  [g/cm3] ~4.3 ~7.9 

Emission  maximum [nm]  520 480 

Light yield  [ph/MeV] ~8900 ~25000 ~18500 ~33500 

Scintillation  decay time [µs]  18 190 13 22 
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Potential energy resolution with scintillators  

Assuming a light yield of 20000 ph/ MeV at 120 K,  

a reasonable value for many scintillators ,  

at the Q value of many interesting  0 ȌDBD candidates (3 MeV): 

Not limited by statistics  

if all scintillation photons are detected!  

The key point: avoid resolution degradation when the crystal is 

coupled to a proper photodetector  

(FWHM) keV %.
.
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Silicon Drift Detectors (SDDs) as photodetectors  

Quantum efficiency of  

commercial phototubes ~ 35% 

SDDs show high quantum 

efficiency (~80%) and, at the 

same time, low electronic noise  

(especially at low temperature)  

253 K 

230 K 

C. Fiorini  et al., IEEE Transaction on Nuclear Science 60 (2013)  

ENC
e
 = 3.1 e - r.m.s . 

by calculating the ENC for 1 cm 2 SDD 

operated at 120 K 
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Expected energy resolution: CaMoO 4 case  

Nph = 75000 (for 3 MeV for CaMoO 4 @ 120K) 

Ȁph = 70% (collection efficiency from MC simulation)  

ȄQ = 80% (SDD quantum efficiency)  

NSDD = 40 (number of 1 cm 2 SDDs for a Ø 5 cm crystal)  

ENC e = 3.1 e- r.m.s . (noise of a single 1 cm 2 SDD) 

at 3 MeV: ǤE (FWHM) = 35 keV  

With this detector concept it would be possible to build large mass compact 

structures of high performing detectors  

for one CaMoO4 crystal coupled to an array of 40 SDDs 

(1 cm2 each) operated at 120 K  
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Scintillating crystals for single detector module  

Å Selection of a producer of high quality crystals:  

CaMoO
4
 and CdWO

4
 

Å Study of radioactive background within the  

chosen crystals  

Å Low temperature (~100K) measurements  

Å Optimization of the light collection efficiency  

We are currently working on:  

CaMoO4 

330g (Ø=45mm, h=50mm)  

Teflon -1 + VM2000  1.31 Teflon -5  1.37 

Teflon -5 + VM2000  1.35 Teflon -10 1.41 

Relative light collection gain (CdWO 4 + PMT + 137Cs) 

CaMoO
4
  

CdWO
4
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SDD geometries  

p side 

We are testing the performance of some SDDs produced at FBK in 

Trento - in collaboration with INFN -Ts - for the ReDSoX project  

(not optimized for FLARES)  

n side 
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Measured SDD Quantum Efficiency  

A new SDD run with thin entrance window has been produced for ReDSox: should 

show improved quantum efficiency at the Ȋs of interest for FLARES.  

Next run: anti -reflecting coating will be added.  

CaMoO
4
  

CdWO
4
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First tests: square SDD  

square cell of 25 mm 2 area 

ADC channel  

c
o

u
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ts
 

SDD ID7 (253 K; sh = 0.5 µs) 

55Fe source irradiating 

the SDD cell directly  

ENC ~23 e - r.m.s . 

~ 232 eV FWHM at 5.9 keV  

ǤE / E ~ 3.9 %  

 


