Optimization of |dI_/dT| for GJJ

v |dI,/dT| 1 =» Detection efficiency 1 & Dark count rate |

v Lower T, of J.(=I./W) & larger J, at low temperature = Aluminum

v Contact transparency (7)1 = |dJ_/dT| 1

v' For Al & t=0.78, |dI_/dT| ~ 5 uA/K (@ T=500 mK) is realized.
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Overview of Our Measurement Set-up
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Our Measurement Set-up (RF)
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Calibration*

*No O(THz~meV) single-photon sources

= How can we check the response of our detector to DM scattering?



How to Calibrate Detector

Microwave (UW) Terahertz (THz) Infrared (IR)

photonic Josephson
cavity junction

)

waveguide

superconducting
electrodes

Connections to Graphene JJ photonic graphene

Josephson crystal
junction

Photon energy E= 0.1 meV E=10 meV E=1eV
Wavelength A=1 cm A=100 um A=1pum

Different energy of photons requires different coupling scheme.



Detector Calibration Scheme

Microwave Pulse

ey | Tp~1ns

100 o
Thot [~ : |
ot ~lr._..~0(10) ns ~ | paseme
T ~&p1 PN 13636 meV s
cold L > — 80 L . B
| . ~ _1_33.73 meV .
V : time —]-29.27 meV .
JIt ' > 26.25 meV :
——— P} ' .
L Ry=~50 uv S g0 | -1-2205meV : |
9 8% mev | .
0 > = 16.16 meV - 1
time u 16.04 meV < 50/po
(d) 1 mm Q40 L 1353mev . .
— g 12.07 meV -
- v Usmg microwave 5 ~]-10.53 meV .
e pulse as a fake signal 3 20 ESTImeV : :
. 2 1880 meV .
H resonator . - —}-Darkcount E
[ \F v' Microwave pulse .
—1| |“ | ”r—-{\ o . 0 | & s L L | |
N, duration (Tp~1 ns) is 2.3 2.35 2.4 2.45 2.5 2.55 2.6 2.65 2.7 2.75
M set shorter than bias current (- ,A)
cooling time I, = 2.65 uA
(Te—ph"’O (10) ns).
conacs' Threshold E ~ 20 meV
osepnson
junction




Thermal Relaxation Time Measurement Scheme

Two-pulse sequency
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Low Energy Excess (LEE) in GJJ Detector

» Dark matter search was performed at various bias currents.

> Counting rate saturates around 103 Hz, which is too high to be due to dark matter.

= Low Energy Excess (LEE)

» Cosmic ray may cause such dark counts.
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Investigating LEE in GJJ Detector

> To avoid LEE and search for dark matter, we need to investigate the origin of LEE.
> Currently, we are comparing devices with different areas of superconducting electrodes.

> We plan to compare devices with different volume of subsrates.
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