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*Scientific motivation: Improve position reconstruction fidelity and energy resolution for rare-event experiments, such
as low-threshold dark matter search, coherent neutrino scattering, and neutrino-less double beta decay (0v[3p).

*Technical requirement: O(10) eV energy resolution, robust position reconstruction with 1 mm resolution.

*Technological approach: Phonon-mediated detector using O(10%) KIDs on O(1) kg Si or Ge substrate.

*Result: We have validated the RF design of an 80-KID prototype on a 1 mm X @76 mm wafer.

*Future work: Increase to 180 KIDs, calibrate with X-rays, scale up to O(2.5) cm thick substrates.

Why KID-based phonon-mediated detectors?

- Surface and/or incomplete 1onization €

collection events may limit the

-

sensitivity of experiments using
phonon-mediated detectors [1].

- Rejection of such events improves with
position reconstruction fidelity and

energy resolution. o

- This fidelity can be
improved by high
phonon sensor
density, for which
KIDs are a natural ¢l
approach. KIDs -10
also promise excellent
energy resolution O(10) eV [2].
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Crosstalk:

Des1gn tor 80 thin Al KIDs over 3.05 ~3.45 GHz

lline: 300 nm Nb coplanar waveguide

Il Using the specialized inductor
== design with ground shield [3, 4],
the simulation shows negligible
crosstalk between KIDs.
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maintaining >95% current density uniformity.

Frequency tuning 1s done by adjusting inductor
~ size (1), which is found to follow f oc1/ JI .
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- Nb prototype for
RF validation
(this work)

76 X l(mm) intrinsic Si

1) 300 nm Nb, smgle deposition
2) Fluorine Reactive Ion Etching

1S21] (dB)

Nb prototype

(RIE) to produce KIDs and CPW

3.20 3.25 3.30 3.35 3. 40 3 45 3.50 3.55 3.60 3.65

—-38.5
a) —39.04

AN
::5/ W

- Al-KIDs phonon detector (ongoing):
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2) 50 nm Nb over 30 nm Al as protect-

3)300 nm Nb, 2™ deposition
4) Fluorine RIE to produce CPW
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- The data 1s accurately described by f oc1/ VI .

- Kinetic inductance fraction (o):
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- Inspired by the
correlation between

Qc, KID locations, and
df/t, we model df/f by

empirical KID-CPW

coupling strength
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CPW

- Suggest a systematic
component t0 O 4 /¢

that can be reduced 1n

the
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Future work

Ll 3 S Y B |

| ‘ | | 1 1 1
4

log 10(Qi)
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- Increase the number of KIDs by 2~3 times
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~0.07 % : Expect future devices with 180 resonances in 3.05~3.45
uence KID.

- The average coupling

quality factor Qc~2x10° is
times lower than design.

- The 1nternal quality factor

thick Nb film, Qi~10",

. domuinates the total resonant
quality factor and produces

shallow resonances.

df/ fdesi

oricate with Al KIDs and measure resolution with X-rays.
pected energy resolution: [2]
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- Scale up to O(2.5) cm-thick substrates
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