
Scintillating 
bolometers of 
LMO in LNGS

Luca Pattavina 
!

luca.pattavina@lngs.infn.it 

December 2014, CSNSM-Orsay

Fourth and final general meeting of the ISOTTA project

mailto:luca.pattavina@lngs.infn.it


- Intro 

- LMO bolometric performance 

- Particle identification (heat & light) 

- LMO background measurement 

- Scintillation properties 

- applications

Outline

2



Scintillating bolometers
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A. Alessandrello et al., Nucl. Phys. B 28 (1992) 233-235 

Light: PM / SiPM / bolometer 

Double signal read-out:
Heat: absorber+thermometer

QF: ratio of the light signal 
amplitudes induced by α and an β/γ 
particles of the same energy.

When a bolometer is an efficient scintillator at low temperature, a 
small but significant fraction of the deposited energy is converted 
into scintillation photons while the remaining dominant part is 
detected through the heat channel.
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Light detectors (LD)
Light signal: => few keV/MeV  

=> is isotropic

Light detector: => quantum efficiency 
=> energy resolution 
=> intrinsic radio-purity 
=> must work @ low T 
=> energy threshold

BolometerPMT

✔

✘

✔
✔

✘
✘

✔
✔

✘

✘

Cu holder

PTFE 
clamp

NTD

HeaterAu wires

55Fe X-ray calibration 
(5.9 keV and 6.5 keV)

HP-Ge wafer 
45x0.3 mm



Light detectors (2)
Low-microphonic noise: 
two decoupling stages

Light detector

Low-noise electronics: 
Cold pre-amplifier @ 110K 
Amplifier @ 300K

N. Coron et al., 
Opt. Eng. 43 (7) 1568-1576

1st stage

2nd stage

Cryostat

HPGe 40 x 0.05 mm Ge disk
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sigma @ 5.9 keV = 132 eV 
!

sigma @ 0 keV = 16 eV

Light detectors (3)

Calibration source 55Fe: 
55Mn Kα - Kβ

50
00

*

Impressive performance, 
comparable to TES-based LD
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232Th calibration 69.8h

Candidate: 100Mo

40 x 40 mm 
m = 150 g  
Background + Calibration

Q-value 
[keV]

Useful 
material

LY
[keV/MeV] QF

Li 3034 55% ~0.5 ~0.4

Li2MoO4

!
the compoun

d is hygros
copic

Good particle 
discrimination using 

Light vs. Heat

hygroscopicity is not 
a high risk issue
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LMO energy resolution
β/γ selection using light channel

2615 keV

583 keV

911 keV

968 keV

FWHM @ 2.6 MeV = 4.3 keV FWHM @ 0 keV = 447 eVFWHM @ 238 keV = 3.3 keV
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LMO n calibration
n calibration

Live time 20.7 hAmBe source faced to the crystal 
6Li (7.6% i.a.) allows neutron 

spectroscopy:

6Li + 1n → 3H + 4He + 4.78 MeV

beta/gamma interactions

n captures

n elastic scattering

6Li absorption XS: 
  @ 0.025 eV : 1000 b 
  @ 240 keV : 10 b (resonance)

4.8 MeV

5 MeV
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LMO Pulse Shape Analysis
Particle identification is also 

possible looking at shape of heat 
pulses (like all the Mo-compounds) 

Discrimination potential @ 5MeV 
(lack of low energy α @ DBD Qββ= 3MeV):
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Heat channel is enough to perform a full particle ID!

µ: central value of the distribution 
σ: width of the distribution
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LMO LY discrimination

DP(3.5-7MeV)=30

Looking at the light channel: 

α-band

β/γ-band

β/γ-band

α-band

Assuming a 0 correlation between 
the two variables with the 
strongest DP, we obtain: 

!
DPLY ⊕ DPOF_TVR = 35 σ 

No strong correlation

-> Full identification of 
particle interaction
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β/γ event selection

40K

LMO background

α event selection

210Po
Internal contaminations: 
U238 
  U238  <19 uBq/kg 
  Ra226 <8.4 uBq/kg 
  Po210 93±27 uBq/kg 
!
Th232 
  Th232 <19 uBq/kg 
!
K40 
  K40  ~60 mBq/kg

β/γ band

α band

live time 237.5 h

high radiopurity level 
even if not optimized
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LMO LY & QFα

measured LY(210Po) = 0.13±0.02 keV/MeVee 

measured LY(α+3H) = 0.16±0.01 keV/MeVee 

measured LY(β/γ) = 0.67±0.01 keV/MeVee 

measured LY(n) = 0.06±0.02 keV/MeVee 

QFα @ 5.3 MeV = 0.20±0.03

n calibrationbackground
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LMO Comparison 

55Fe Source 

Reflecting  
Foil 

Thermistor 
Ge-LD 

Li2MoO4 
PTFE 

Au wires 

147Sm 
Source 

Figure 1. Set-up of the detectors. The Li2MoO4 is held in position by PTFE S-shaped supports. The Ge
Light Detector is facing the main crystal in such a way to maximize the light collection. The electrical signals
are read from the ground-isolated Cu pins that are connected to the thermistors by means of Au wires.

3. Detector operation and data analysis

The thermistors of the detectors are biased with a constant current, the resistance variations, gener-
ated by the temperature rise, are converted into voltage signals by the sensors. The heat and light
signals are then amplified, filtered by a Bessel-filter and at the end fed into a NI PXI-6284 18-bits
ADC operating at a sampling frequency of 1 kHz.

Triggers are software generated, they ensure that each pulse is recorded with a 1 kHz sampling
rate. When the triggers are fired, for the main bolometer and the LD, waveforms 1 s and 0.25 s
are recorded on disk. Moreover, when the trigger of the Li2MoO4 crystal fires, the corresponding
waveform from the LD is recorded, irrespective of its trigger. The amplitude and the shape of the
voltage pulse is then determined by the off-line analysis. The pulse amplitude of the thermal sig-
nals are estimated by means of the Optimum Filter (OF) technique [3][4], this method maximizes
the signal-to-noise ratio in such a way to increase the energy resolution of the detector. The am-
plitude of the heat pulses is energy-calibrated using different known peaks in the acquired spectrum.

The detector was operated for 405 h, during the data taking various calibration sources were
used in order to study the detector response for different types of interactions and to estimate the
Light Yield (LY) for different particle energy deposit. 137Cs and 40K were employed as g sources,
placing those in proximity of the experimental set-up. Natural Sm was deposited on the surface
of the reflecting foil facing the Li2MoO4 crystal (on the opposite side of the LD), 147Sm was used
as a source for illuminating the crystal. Finally an Am-Be neutron source was placed close to the

– 2 –

QFα(210Po)=0.42 QFα(210Po)=0.20

232Th: <19 uBq/kg 
238U: <19 uBq/kg 

226Ra: <8.4 uBq/kg

232Th: <94 uBq/kg 
238U: <107 uBq/kg 

226Ra: <107 uBq/kg

m = 33 g m = 150 g

DPLY(1-2.3 MeV)=3 DPLY(3.5-7 MeV)=30

FWHM @ 40K=4keV FWHM @ 40K=4keV

OLD NEW
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LYβ/γ=0.43 keV/MeV LYβ/γ=0.67 keV/MeV



Solar axions search
Detection of 7Li solar axions by means of resonant absorption on 
analogue targets in the labs.

In the Sun : pp → ... → 7Be + e- → 7Li* → 7Li + axion 

in the lab : 7Li + axion → 7Li* → 7Li + γ

We look for a γ emission at about 478 keV

Doppler effects ~0.5 keV 
nuclear recoil ~10-2 keV 

...

Total number of absorptions:

Nabs = N7Li ⇥ T ⇥ Cte ⇥
⇣ ma

1 eV

⌘4

M. Krcmar et al., 
Phys. Rev. D 64 
(2001) 115016

A.V. Derbin et al., 
JETP Lett. 81  
(2005) 365

7Li nuclei Time Constant
Axion 
mass
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LMO application axions 
If we reverse the equation:

Current best limit:

ma < 8.6 keV @ 90 C.L.
P. Belli et al., Phys. Lett. B 711 (2012) 41-45

- HP-Ge measurement(ε~2%) 
- LiF crystal ~130g7Li 
- T ~ 4000h 
- bkg in ROI 250 c/keV 
- FWHM in ROI 1.6 keV

Specifics

- Bolom. measurement(ε~98%) 
- Li2MoO4 crystal ~5.5g7Li 
- T ~ 240h 
- bkg in ROI 5 c/keV 
- FWHM in ROI 2.3 keV

Specifics

Our measurement:

ma < 9 keV @ 90C.L.

Nabs = N7Li ⇥ T ⇥ Cte ⇥
⇣ ma

1 eV

⌘4

# 7Li axions 
converted to gamma 

quanta

# 7Li nuclei in 
the target

live time of the 
measurement

Cte (BR, doppler 
effect, ε, ..) 

7Li solar 
axion mass
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CONCLUSIONS
- Promising candidate for DBD search of 100Mo: 

!
=> excellent particle discrimination 
  heat & light channels 
=> excellent intrinsic radiopurity 
  better material selection (K40 & Ra226) 
!
=> good size 
!

- High efficiency in neutron detection 
!
 => applications in WIMP searches 
!
- Good candidate for 7Li solar axions 
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