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Development of kinetic inductance detectors for CUORE
and LUCIFER

L. PAGNANINI
Gran Sasse Science Institute (INFN), L’Aquila, Ttaly

TABLE 1. — Main features of the experiments in question. Total mass of crystals (M), resolution
in the region of interest (o), background in the region of interest (B) and sensitivity to the
half-life of the Ov 33 decay.

Experiment M [kg) o [keV] B [count/keV - kg - y] Tf]:fg [v] Ref.
Cuoricino (TeOs) 40.7 6.3 0.153 £ 0.006 2.8 x10* [8]
CUORE-0 (TeOy) 39 5.1 0.071 £0.011 2.8 x 10% [9]

CUORE (TeO3) 741 5 ~1-2x 1072 0.95 x 10% [6]
LUCIFER (ZnSe) 17 13.4 ~ 1073 0.8 x 10% [10]
LUCIFER (ZnMoQy) 14 7 ~ 1073 0.6 x 10%¢ [11]
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A WIMP Dark Matter Detector Using MKIDs

S. Golwala « J. Gao - D. Moore - B. Mazin -
M. Eckart - B. Bumble - P. Day - H.G. LeDuc -
J. Zmuidzinas
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no quasiparticle
Sunil Golwala

trapping! I
Architectures Caltech

started in 2008 or earlier
Small detectors (gram-scale)
KID

Goal: detection of sub-eV energies from: insulator E—
Dark photon absorption quiescent 4p @—s //;honon
DM-e scattering
Scalar-mediated nucleon scattering at very low recoil DM-produced qp

energies producing phonons superconducting

Methods: cryseal

Detection of gp creation in superconducting target
via phonons (Hochberg, Zhao, Zurek, arXiv:1504.07237)
gp propagation diffusive, subject to pair recomb. KID

phonons quasiballistic, long decay times

Detection of optical phonon production in polar materials:
GaAs (Knapen, Lin, Pyle, Zurek, arXiv:1712.06598)
AlLOj (Knapen talk (Tues))

Architecture:

single mm-scale KID on few-mm target substrate
previous slide energy estimate ~ valid

Need lower-gap superconductor for KID (e.g.,AlMn) or better amplifiers
(kinetic inductance parametric amplifier recently demo'd T, ~ 70 mK at 3 GHz)

202003y Brobes for BSM PhyifeslKIP [ 2y ) A FIA 7 A W12 Sunil Golwala g




no quasiparticle
trapping!

Architectures

Large detectors (kg-scale)

Goal:

traditional nuclear recoil search at very low recoil energies

(10 eV,)

DM-e scattering at eV scales

Method:

Neganov-Luke-Trofimov phonon production by drifting e-h
pairs in large electric field (Romani et al APL 112,04350
(2018)) providing single e-h pair detection

Architecture:

few KIDs on cm-scale substrate

~|00 KIDs on |0-cm-scale substrate

Fine pixellization intended to
provide fiducialization away
from detector surfaces
(most low-energy bg)

Also provide pos’n correction

for energy

Sunil Golwala
Caltech
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Relaxation time of the signal

Relaxation time of quasiparticles
(Tgp)in niobium and YBCO is much
shorter than that of resonators (,.).

qu—Nb“‘lO s at 1K
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nfO § : |

(Q — 10000 f0~3 sk 09) 5.E+03 qu;ll;?fact;;‘“‘

The higher Q resonator has longer s =
pulse but has equivalent energy | 12

=
=]
.

- . \ |
. :% 0,6_.- \/
resolution.
,
=]

Al
=]
N

.."-_.6 —4 4
- -‘-‘ o ]
— @~27000
0.0 ﬂ - = Q~540000

10 20 30 40 50

2020/6/2 R T RE ) AFA T A RS Toeiet) 13



aff (Am-241 5.49MeV,5.44 MeV) 0¥

- SHe, 1K& M CTH A
A A 2 [T1y ( e+~ ,L.L.LL—P.L:J_‘%—EEIZ{HEH

Cw L R AT

S 25| .

tizer
1NA

Tme (ps)

e
‘ MKIDs
o-ray source

2020/6/2 i TR s BRA 74 SRR 14



BHEDARL

phonon mediation
(1

a

1.0 T 2
! |
|. - 'l..{'. _ )
!* Spsol wee  FeELin

[ 0.8 o -a ‘-c.“. 4

E E :: -‘é q%‘ .,

= : = ,

5 06 £010, t=076ps

-u : . Y

g 0.05.. _

= 04 00 05 1.0 L5 20 25

E ' Time (ps)

=]

“ !
02 \t
0.0+ ' .

0 2 4 6 8
Energy (keV)

(a) (b)
lZSOLmé _120DLnn
LI
RAREN L . 100 um

1.0¢
0.8
0.6

=
=

Normalized event rate

=
=

-
-
g
r__,.——‘"'.-..-.n.——-n. ==
A | " ;

=
G -
=]
()

R~1.2keV @30 eV, gy =

2020/6/2

B TH T

BRA T A

7T N
JLz=

0.6 0.8 1.0

Amplitude (a.u.)

30 keV 1

5.5MeV

N —

170

iz

15



theoretical limit of energy Sirs

resolution of Nb-KIDs |
Cardani+ APL 2015
. g = ANV \/4ch- T 270 eV (assumed n = 1)
nas;Q +f Q PinTqp

where A: energy gap~1meV,
N,:single spin density 1 x 101% eV~1um=3,
V:volume of Lekid 3 X 5000 X 0.1 in um
Sy almost unit in amp.readout
Q:loaded Q ~10%, Q,: coupling Q~10*
ky: boltzman constant, T,;: noise temp.of HEMT~7 K

pm read out power,~ — 60 dBm 1,,: QPs life time~10~ —9
a: kinetic fraction~0.08

| PEERE & EBRE O ZETARS R
| FL L EY BTSN n o 2

1 1.2 13 14 15 1.6 17 1.8
temperature (K)

S0/0410°
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