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Figure 2: Energy spectrum acquired by the TeO2 crystal. All the
labeled peaks are �s, except for the single and double escape peaks
of the 2615 keV � from 208Tl, which are � + �+ + � and � + �+

events, respectively, and for the events around 5.4 MeV, which are
generated by the ↵-decay of 210Po in the crystal.

3. Results

The energy spectrum acquired from the TeO2 bolome-
ter in 6.86 days of data taking is shown in Fig. 2. The
peak around 5400 keV is due to the ↵-decay of 210Po, a
natural contamination of the TeO2 crystal observed also
in the 117 g detector and in CUORE-0. The remaining
peaks are �s from the 232Th source, except for the peak
at 1461 keV, which is a � from 40K contamination of the
cryostat. Both the single (SE) and double escape (DE)
peaks of the 2615 keV � from 208Tl are visible. The pres-
ence of the DE peak is of particular interest because it is a
single site production of a � and of a �+, a process similar
to the 0⌫��.

The light detected versus calibrated heat in the TeO2

crystal is shown in Fig. 3. The distribution of the light cor-
responding to each peak in Fig. 2 (blue dots in the figure) is
fitted with a Gaussian, the mean of which is overlaid onto
the figure. The mean light from the ↵-decay of 210Po is
found to be < L↵ >= �3.9±14.5 eV, i.e. compatible with
zero. The mean light from the � peaks is fitted with a line
< L�/� >= LY · (Energy � Eth), with Eth = 280± 60 keV
and LY = 45±2 eV/MeV. The standard deviations of the
light distributions are found compatible with the baseline
noise of the LD, which therefore appears as the dominant
source of fluctuation, hiding any possible dependence on
the position of the interaction in the TeO2 crystal or sta-
tistical fluctuations of the number of photons. As in our
previous work, the light from the DE peak is compatible
with the light from �s, indicating that the fitted line can be
used to predict the amount of light detectable from 0⌫��
events. We compute 101.4±3.4 eV of light for a �/� event
with 0⌫�� energy, 72 eV less than the light detected at the
same energy in the 117 g detector.

The detected light at the 0⌫�� is few, at the same level
of the LD noise, and does not allow one to perform an event
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Figure 3: (Color online) Detected light versus calibrated heat in the
TeO2 bolometer for all the acquired events (gray) and for the events
belonging to the peaks labeled in Fig 2 (blue). The mean light is
clearly energy dependent for the � peaks (red circles below 3 MeV)
and compatible with zero for the ↵-decay of the 210Po (pink circle
at 5.4 MeV).

by event rejection of the ↵ background. As indicated in
Ref. [8], the emitted Cherenkov light amounts to several
hundreds of eV, a much higher value than what we detect.

To increase the light collection e�ciency, we applied
di↵erent modifications to the setup: 1) we changed the
VM 2002 light reflector to aluminum foils. Aluminum is
expected to have higher reflectivity in the UV band, the
region where the Cherenkov emission is more intense. Nev-
ertheless, the amount of light detected is 25% less than in
the case of VM 2002; 2) we removed the VM 2002, which
is a specular light reflector, and wrapped the crystal with
teflon tape, which is a light di↵usor. The amount of light
detected is compatible with the VM 2002 measurement; 3)
we changed the LD to an identical one, but we coated the
side faced to the TeO2 with 60 nm of SiO2. It has been
demonstrated, in fact, that in the red/infrared band this
layer enhances the light absorption by up to 20% [20, 21].
In our application, however, the amount of light detected
does not change significantly; 4) we added a second LD,
monitoring opposite faces with two di↵erent light detec-
tors. The amount of light detected from each LD is found
to be the 50% of the amount detected with a single LD.
This causes an overall decrease of the signal to noise ra-
tio, because each LD adds its own noise; 5) we replaced
the crystal with a cylindrical one, 4 cm in diameter and
in height. Again the amount of light detected does not
change.

Summarizing, none of the above trials succeeded in
providing a significant increase of the light collection ef-
ficiency, indicating that most of the light is absorbed by
the TeO2 crystal. The setup providing the highest light
signal, around 100 eV at the 0⌫��, consists in a single LD
with the crystal surrounded by the VM 2002 reflector or
wrapped with teflon tape.
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expected to have higher reflectivity in the UV band, the
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we changed the LD to an identical one, but we coated the
side faced to the TeO2 with 60 nm of SiO2. It has been
demonstrated, in fact, that in the red/infrared band this
layer enhances the light absorption by up to 20% [20, 21].
In our application, however, the amount of light detected
does not change significantly; 4) we added a second LD,
monitoring opposite faces with two di↵erent light detec-
tors. The amount of light detected from each LD is found
to be the 50% of the amount detected with a single LD.
This causes an overall decrease of the signal to noise ra-
tio, because each LD adds its own noise; 5) we replaced
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in height. Again the amount of light detected does not
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Light@0νββ: 100 eV

Noise of present light detectors is too high (70-100 eV RMS) compared 
to the signal (100 eV)               need new light detectors.     

C
asali et al., EPJ C

75 (2015) 12
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Sensitivity of the light detector

With a 100 eV signal, to obtain S/N > 5 we need a noise < 20 eV RMS.
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Identification of nuclear recoils in ZnSe scintillating bolometers:  
nuclear recoils (signal) do not emit light, β/γs  (background) emit a few light. 
The discrimination is in principle possible at 10 keV (the DM search region). 

M. Vignati 

Dark Matter with ZnSe
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By using light detectors with noise below 20 eV RMS, LUCIFER, a 0νββ 
experiment, could be extended to search also for Dark Matter.

J. W. Beeman et al., JINST 8 (2013) P05021 
5cm

ZnSe  
bolometer from 
the LUCIFER 
experiment

Germanium 
bolometric

light detector
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Cooper pairs (cp) in a superconductor  act as an inductance (L).  
Absorbed photons change cp density and L.  

High quality factor (Q) resonating circuit biased with a microwave (GHz):
signal from amplitude and phase shift. 

L C

Kinetic Inductance Detectors (KIDs)



• Different resonators can be coupled to the same feedline by making 
them resonate at slightly different frequencies.

• The resonant frequency can be changed by modifying the capacitor (C) 
or the inductor (L) pattern of the circuit.  

• A single cryogenic amplifier can be used to read up to 1000 detectors.
M. Vignati 

Multiplexed readout of a KID array
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O
. Bourrion et al, JIN

ST 6 P06012 (2011)
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CALDER’s implementation
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The maximum sensible area is of few mm2 (wavelength limited) 
Scaling to several cm2: indirect detection mediated by phonons 

State of the art Goal
 Area Area [eV 

RMS] Area
few mm2 5x5 cm2 difficult

 ΔE [eV RMS] < 1 < 20 achievable
 Twork [mK] 80 10 pro

Substrate of silicon 
 (5x5cm2 x100-300µm)

1-10 KIDs of Al, TiN... (~2mm2 x 40-nm)

Incident photons convert into athermal phonons

Diffused phonons  
can be absorbed  

by the KIDs

supports  

arXiv:1505.01318

http://arxiv.org/abs/1505.01318
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The CALDER research team
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Sapienza University of Rome: 
F. Bellini, L. Cardani, N. Casali, C. Cosmelli, A. Cruciani, M. 
Martinez.

Istituto Nazionale di Fisica Nucleare: 
C. Bucci, A. D’Addabbo, C. Tomei and M. Vignati.

Consiglio Nazionale delle Ricerche:  
Detector fabrication.
I. Colantoni and M.G. Castellano.

Università degli studi di Genova:  
Electronics and DAQ.
S. Di Domizio. 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Our lab in Rome
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Digital readout electronics: hardware

Digital readout electronics

● 16-bit dual DAC
● 14-bit ADC
● FPGA
● Mini-computer

DAC: AD9125
● 16 bit
● 250 Msps

ADC: TI ADS41B49
● 14 bit
● 250Msps

FPGA: Virtex 6 XC6VLX75T

MiniPC: intel D2550MUD2

Nixa: developed at LPSC Bandwidth: ~100 MHzCost: 10 kEuro

O. Bourrion et al., JINST 8 C12006 (2013)

Nixa readout: electronics board developed at LPSC (Grenoble)

10 mK  
dilution 

refrigerator 

HEMT 
amplifier
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4 aluminum pixel detector
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4 aluminum pixel detector
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Amplitude signal
Phase signal  
(3-4x higher)

57Co (6 - 14 keV X-rays)

http://arxiv.org/abs/1505.04666
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Phase signal and noise
• Average phase signals at 14 keV.

• Rise time ~ 20 μs (arrival time of phonons)

• Decay time ~ 230 μs (recombination of 
quasiparticles into cooper pairs). 

• KIDs with higher Q see a higher signal
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amplifiersignal
bw

• High low frequency 
noise, increases 
with Q.

• Strongly limits the 
sensitivity.

• Noise origin under 
investigation.
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Energy absorbed by quasiparticles
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energy conversion efficiency to break cooper pairs η = 2.6/14.4 = 18% 
baseline resolution (after calibration) σE = 154±7 eV



Q increase not applicable at the 
moment (increases also the noise).

Increase of phonon collection 
efficiency η and kinetic inductance 
fraction Lk/Ltot by design.

Superconductors different from Al.
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From 150 to 20 eV RMS
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From 150 to 20 eV RMS
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Summary and program
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2013-2014 
Cryostat setup (reached 10-15 mK), readout, data 
analysis, and first aluminum prototypes with low Q.

2014-2015 
Reached 150 eV baseline noise. Finalize development 
and test of aluminum sensors, reach 50-100 eV noise.

2015-2016 
Develop and test TiN - Ti/TiN sensors,  
reach the goal of 20 eV noise. 

2016-2017  
Build a demonstrator at LNGS: an array of TeO2/ZnSe 
bolometers monitored by the new light detectors.


