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Bolometrics

CUPID’s Li%OOMoOZL crystal calibration
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Cryogenic Underground Observatory for Rare Events

CUORE

Array of 988 TeQ, crystals operated
as cryogenic bolometers:

o Total mass: 742 kg,
o Isotopic mass: 206 kg
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Cuore Upgrade with Particle IDentification

o New crystals: Lil"’MoO, Instead of '*"TeO,
o New Total mass: 450 kg, New 1sotopic mass 250 kg

CUORE | <D CUPID

“Bolometer” = heat signal i i % . . Scintillating “bolometer” = heat + light signals
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Cuore Upgrade with Particle IDentification

/ Cryogenic detection technique (~10 mK)

Sensitivity: 5y, X — Highter isotopic mass (206 kg — 250 kg)
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Alpha background rejection with light detectors

b p | .
X »
4 o T\ o e 2 NP
L e
_ | BN . b a A 0.
. _________________________________________________________|]
7
v
4
!
/ e L
o
4
’
<

Gamma, beta and muon events

g
o 210Pg, Alpha events ¢

Light signal (arb. units) |

Nuclear recoils

Heat signal (arb. units) {



Neutron Trasmutation Doped (NTD) 6

CUORE
Doped semiconductors close to the Metal to Insulator Transition (MIT)
At low temperatures (< ~10 K), the resistivity 1s given by:
T, | f. |
p(T) = poexp P — Ty, po depends on the doping level. ' '
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Neutron Trasmutation Doped (NTD) 6
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Experimental setup
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Li;"’"MoO, Load Curve
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Li;"’"MoO, Load Curve

Selected optimal WP
> F | 0 12>
£ 14 | e e EO. Dg
R 2 - —
- “ —0.14 =
-7 12 —/ 1 - = =
7 i = 0.13 s
— = . <
10 n / i =0.12
8 i =0.11
- l 30.10
0 | Unstable regi =
4 / : I nstable region _ ;0.09
e \ l =0.08
) /.’ \}\\/ -
< ' l N —0.07
| ""\ —
0 | L | . TP P s e L ) I
0 10 20 30 40 50 60 70 80 90
| [[pA]
" PR S T PR PR PR R TR T
1000 2000 3000 4000 5000
Vbius [mv]

Nuclear Inst. and Methods in Physics Research, A 1008, 21 August 2021, 165451 11

5.18-

4.84 -

NTD Voltage [mV]
B
w
©

3.83 -

3.16-

g

GRAN SASSO

i i " ST{;Tmbh 2|5Th ZODZSmOTleTGFT)h TZ(;Zghu =
A ®
A ..'00° °® %¢00 o
A "
O
AO®
®,
A
O
A
® A
°
N A
A
A
A
A
A,
L4
A
A
A,
° A

1.822 2.787 3.597 4.557 5.495 6.493 7.124

Bias [V]

-26.0

-25.2

N
»
N

N
w
0o

Amplitude [mV]

-23.1

-22.4


https://www.sciencedirect.com/journal/nuclear-instruments-and-methods-in-physics-research-section-a-accelerators-spectrometers-detectors-and-associated-equipment/vol/1008/suppl/C

Current [uA]

1126.29-

1009.81 -

890.09 -

811.24 -

686.52 -

569.31-

449.36 -

348.14 -

Ge Light Detector Load Curve

227.6

1.17

1.91

2.11
NTD Voltage[mV]

2.49

2.82

12

NTD Voltage [mV]

2.82 - ® ®
® .0.
o .'
¢ o
®
2.49 - °
PY o
o
o
o
2.11
o
®
o
1.91 ®
®
1.17 -
o

1.822 2.787 3.597 4.557 5.495 6.493 7.124
Bias [V]



o 4 runs of approximately 24h were taken

870 -

o Pulses are made applying 3.5 V across a resistor
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o A linear energy calibration is performed using the 2615 keV peak from 2"°Tl

o Known radioactive decays from a 2>*Th source are used to calibrate the energy response of the
detector

o The spectrum 1s cleaned using data quality cuts requiring no pile up, a cut on rise time and decay
time of the pulse
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https://arxiv.org/pdf/1601.01334.pdf
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Calibration process: calibration
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Summary

o We have found the optimum working point for an LMO crystal and light
detector

o We have stabilised the amplitude of the signal to correct for variations in
temperature over the course of a run

o We have performed a successful calibration, using the 2615 keV T1-208 peak 1n
the Th-232 decay chain and resolved multiple peaks in the spectrum
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your attention

CUPID’s Li%OOMoOZL crystal calibration

? Stay tuned
Wine so serious?




