Status of the LUCIFER

experiment:
results and prospects

CLAUDIA RUSCONI
GDR NEUTRINO 2014
Orsay — 17t June 2014



The bolometric technique

Bolometer = absorber + sensor

AE>AT=AE/C

AT2>AR = AV

v' To reduce the heat capacity C
v' To be sensitive to the temperature variation due to a OvBp
event (0.1 mK/MeV = 1 mV/MeV)

Very low working
temperature (~10mK)

v' The energy released in the absorber creates phonons. Low energy needed to producing
a phonon = high energy resolution

v The resolution is limited by the statistical fluctuations of the phonons exchanged with
the bath through the thermal conductance G > AE,_ ~(K;T?C)Y/2

v' AT(t)=E/Ce* with t=C/G thermal decay time—> slow signals (~0.5 s)



Bolometers

Bolometers have proven to be very good detectors for OvBf
experiments aiming to investigate the inverted hierarchy region of
neutrino masses (mgg< 50meV)

v’ ability to sustain large source masses
- large amount of the appropriate OvBp candidate isotope

v excellent energy resolution (FWHM ~0.2-0.5 % above 2.5MeV)
- to separate the OvBP peak from the background, in particular
the one coming from the 2v[f
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Bolometers

Bolometers have proven to be very good detectors for OvBf
experiments aiming to investigate the inverted hierarchy region of
neutrino masses (mgg< 50meV)

v’ ability to sustain large source masses
- large amount of the appropriate OvBp candidate isotope

v excellent energy resolution (FWHM ~0.2-0.5 % above 2.5MeV)
- to separate the OvBP peak from the background, in particular
the one coming from the 2v[f

v’ possibility to exploit the simultaneous collection of heat and light
- low backgrounds in the region of interest



Scintillating bolometers

The release of energy in a scintillating crystal follows two channels

thermal light Different light output produced by . a light
excitation production a or B/y events with same energy B/y light

Simultaneous read-
out of the energy
deposed in the
main crystal and

Light signal

the scintillation

;-
. 5 light allows the

| discrimination of

Scintillating ' Light signal events from
crystal detector the a bkg

Light signal




The LUCIFER experiment

Low-background Underground Cryogenic Installation for Elusive Rates

A scintillating bolometers a and B/y event discrimination
array to search for the Ovpf
decay of candidates with a

Q,a1e higher than 2.6 MeV outside the natural y radioactivity

range: as are the dominant
disturbing background sources

LUCIFER will search for the OvBp of ““Se/*°°Mo using ZnSe/ZnMoO,
scintillating compounds

A complete elimination of as for these candidates can lead to specific
bkg levels of ~ 102 c/(keV-kg-y) or lower



The LUCIFER detector

v" LUCIFER baseline: 36 ZnSe crystals
enriched at 95% for ~15kg of total
isotope mass

v' light detectors sandwiched between
two crystal floors

v in the CUORE-O cryostat @ LNGS

v R&D on ZnMoO, crystal for a 10kg
experiment in collab* with LUMINEU

*MoU between INFN, IN2P3 & ITEP

Ovpp isotope
Q-value [kev]

Useful material

LY;,, [keV/MeV]




Light Detectors

LUCIFER light detectors = Ge slabs, operating as bolometers

Light collection increased with a SiO, dark layer deposited on the surface [

of the Ge crystal (JW Beeman, et al. NIM-A, vol. 709, pp 22-28, 2013)

Several tests were carried on to investigate the performances of Ge light
detectors in terms of signal amplitude, energy resolution and signal time
development to identify the best working conditions




Light detectors

To allow proper calibration of the LD a >°Fe source,
producing two X-rays at 5.9 and 6.5 keV, is used

- comparable with tipical light signals produced
in scintillating bolometers (order of ~10 keV)
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Light detectors

v LD performances dependence on
the applied bias current
Best values: 2—7nA. At higher
currents signal to noise ratio
limited by preamplifier noise

RT (ms)

v' LD performances uninfluenced by
the value of the load resistance
- LDs not affected by Johnson noise
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v' LD performances influenced by the
working temperature
at ~20mK FWHM is significantly
better with respect to that observed
at ~ 10mK, the standard working
1000 10000
T, [PA] temperature of bolometers for rare
0=11GQ Load resistance; 0 = 2G Q Load resistance events searches

FWHM [eV]




Crystal absorber - ZnMoO,

Bolometric test with a 330 g ZnMoO, crystal

JW Beeman et al, Eur. Phys. J. C 72:2142 (2012)

v’ Excellent particle discrimination using light
vs heat or the shape of the heat pulses

00D
o [ee™W 1

1000 1500 2000 2500 3000 3500 4000
Energy [keWV]

Calibration: and

First bolometric measurement of 2vpf
of 1%°Mo with a ZnMoO, crystal array
L Cardani et al 2014 J. Phys. G: Nucl. Part. Phys. 41 075204

v" 3 natural ZnMoO, crystals
v’ Total exposure 1.3 kg*d of 199Mo
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Crystal absorber - ZnSe

Characterisation of the largest ZnSe bolometer ever realized

(431 g crystal) ju geeman et al, 2013 JINsTs P05021)

v FWHM energy resolution of 12.2+0.8 keV at 1461 keV and 13.4+1.3 keV at 2615 keV

v’ Excellent particle discrimination using Light vs. Heat or the shape of the light pulses

Detected light (keV)
Slow/fast components in LD

0.1

- 0.05
2000 4000 6000 8000 1500 2000 2500 3000 3500 4000 4500

Energy (keV,.) Energy (keVe)



Crystal absorber - ZnSe

Low background measurement (t=524h)

From o spectrum:

v’ internal contamination: 3x10* c¢/keV/kg/y 238U and 3x1073 c/keV/kg/y 232Th @RO|

From B/y spectrum:

v’ natural contamination of 49K and 208T|

v contaminations in 7>Se and 6°Zn for the cosmogenic activation of of 7*Se and ©4Zn, not
affecting the bkg in the for their short half-lives and low Q-values

v" Single event above 2615 keV, likely produced by a muon interaction

1 event in ROl in 5yrs
with a 20kg detector
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Conclusions

AN

Bolometers have proved to be excellent detectors for OvBp search

AN

Discrimination of a and B/y events makes a background free detector possible

AN

LUCIFER is a next generation OvBp experiment demonstrator using the scintillating
bolometer technique

LUCIFER goals are: bkg < 103 c/keV/kg/y and FWHM < 10 keV @ ROI

LUCIFER baseline is a detector with 15kg enriched ZnSe crystal

Further option: a 10kg enriched ZnMoO, search in collab. with LUMINEU & ITEP
Several detector components have been defined and characterized

LUCIFER will start in 2015
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