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Characterization of Lumped Element Kinetic Inductance Detectors
on YSZ Substrates for ?4Zr Double-Beta Decay Search
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Double-beta decay 1s extremely rare radioactive decay 1in which two neutrons are simultaneously into two protons with two electron
emission. It has two mode: two neutrino emission mode (2vff) and undiscovered neutrinoless mode (Ovff). The key of 0vfh detection
1s high energy resolution of detectors. A lumped-element kinetic inductance detector (LEKID) 1s a thin-film superconducting resonator
with larger sensitive volume. Radiation detection using LEKID 1s expected to have high energy resolution due to its detection principle.
Here, we proposed the 4Zr double-beta decay search with LEKID. Yttria-Stabilized Zirconia (YSZ) was utilized for LEKID substrate.
This 1s the first step 1n realizing the implementation of LEKID on the substrate including zirconium for %4Zr double-beta decay search.

1. Double-Beta Decay of 24Zr

Even 2vpp of 94Zr has not been yet discovered.

O Decay mode

M7r — Mo + 2¢™ + 27,

Q-value : 1.1 MeV

To Excited State 0t — 217
Q-value 0.23 MeV S

2. LEKID [4]

o Superconducting resonator with large sensitive volume
o0 Multi-elements readout possible with a single feedline

0+ o Low energy threshold, and High energy resolution potential
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o 2vff half-life prediction and current limits: eround plane
Decay mode of 2vff | predicted [yr] [ limit [yr] / substrate
0t — 0F 9.4x102! 1.1x1017 [2] B
0 — 21t 7.2x1032 2.1x1020 [3]

O Previous study

NEMO-2 : Mainly search for °6Zr Ovff in underground
—— Limait on %4Zr 2vpp 1s byproduct [2].
HPGe detector experiments : High sensitivity to 0+ — 21*(y) [l

o Key of improvement

High efficiency — “‘source”

High S/N
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> High energy resolution
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Design of LEKID

Energy input?2 — Cooper pair breaking?

0 keV — Kinetic inductance change® — Resonant frequency change
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Detection principle excerpted from [5]

superconducting resonator
/ substrate w/ 2vff nuclel

\ = pohon mediation
2vpp event point

Concept for 2vfp detection

3. Fabrication and Measurement method

O Substrate

Yttria-stabilized Zirconia (YSZ, Y203:Zr0>)
— New attempt as substrate material of KID

Natural abundance of %4Zr 1s ~17%.

ZrO7 1s made stable at room temperature by doping Y20Os.

10x10%0.5 mm3 mono-crystal (orientation (100))

Yttria concentration : 9.5 mol% and 20 mol%

Thermal properties are Y conc. dependentlél.— Impact on LEKID?

O Design

14 LEKIDs with different performance
+resonant frequency fo : 4.55 — 5.85 GHz (on S1 substrate)

+ line width : 2 — 4 um, resonator volume : 1843.8 um3 < oo T
+ gaps between feed line and LEKID : 20 — 200 um

O Fabrication
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4. Result and Discuss

Both LEKIDs with Y9.5 mol% and 20 mol% were worked.
All resonant peaks (14/14) 1n transmittance S21 spectra were observed.
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resonant frequency :
2.55 — 3.7 GHz

Not depend on Y concentration

1

S21 [a.u.]

|||||||||||||||||||||||

Consistent frequency trend as
H | fo o< Ve,
20 mol% cf. Dielectric constant :S1 2.4, YSZ ~27
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peaks detected @ <3 K
Same shape in both Y concentration.

Inconsistent with Mattis-Bardeen model
— RF lossl71?? Kondo-etfect[8179

One resonant frequency shift over temperature
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Internal quality factor Q;
~1035 Order for both Y conc.

Nb DC Spattering — PhOtOlithOgraphy — Nb dI'y CtChing ~0.001 0.000 0'0000-3.0'102 it 3.0104 3.0106 3.0108 3.0110 3.0112 10 less than LEKID On Si
Photolithography performed at Nanoscience Joint Laboratory. oo 1 oo | it ~ Impedance mismatching??
" u'z_, T Q 0-010 153 | o o
"l‘ Bl oous | | ooos | + founapesk N LEKID was designed for

o RF Measﬁrement

+3He/*He dilution refrigerator

—0.005 0.000 0.005 3.0781 3.0782 3.0783 3.0784 3.0785 3.0786

fabrication on S1 substrates.

frequency [GHZ]
Examples of resonant peak fitting

Y conc. of YSZ doesn’t impact the frequency characteristics of LEKID.
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