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Axion haloscope

= Search for dark matter (DM) axions around the Milky way galaxy

Wave-like DM axion
Ppom~ 0.45 GeV / cc
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Axion haloscope

= Search for dark matter (DM) axions around the Milky way galaxy

Wave-like DM axion
Ppom~ 0.45 GeV / cc
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Axion haloscope

= Search for dark matter (DM) axions around the Milky way galaxy

Wave-like DM axion
om~ 0.45 GeV [ cc

Strong coupled antenna &
Low noise amplification
(or SPD, bolometer, ...
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Conversion power enhanced (~ Q)
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Axion haloscope

= Search for dark matter (DM) axions around the Milky way galaxy

Wave-like DM axion
om~ 0.45 GeV [ cc

Strong coupled antenna &
Low noise amplification
(or SPD, bolometer, ...
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Heterodyne receiver
ADC & FFT, analysis

RT
electronics
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Axion haloscope receiver chain

= Signal resonated in the cavity
= Typical temperature ~ 30 mK

Cavity Weak port

Strong port
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Axion haloscope receiver chain

= Signal resonated in the cavity
= Typical temperature ~ 30 mK

Cavity Weak port

Strong port

Primary amplification
with JPA
Typical gain ~ 20 dB

Pump signal
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Axion haloscope receiver chain

Signal resonated in the cavity
Typical temperature ~ 30 mK

Cavity Weak port

Strong port

Primary amplification
with JPA
Typical gain ~ 20 dB

Pump signal

Subsequent
amplification
Typical gain ~ 60 dB

April 27,2025

CUBES 2025, Gurye



Axion haloscope receiver chain

Signal resonated in the cavity
Typical temperature ~ 30 mK

iy Weak port

Strong port

Primary amplification
with JPA
Typical gain ~ 20 dB

Pump signal

Subsequent
amplification
Typical gain ~ 60 dB

RF /' IF amp
Gain ~ 50 dB
Downconversion
ADC

RT
electronics

Local oscillator
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SungWoo Youn, Jinsu Kim

DMAG cavities: high frequency

Simulation by Pallavi Parashar
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IBS - DMAG (former CAPP)

April 27, 2025

Former CAPP, now Dark Matter Axion Group (DMAG)

Cavity-based dark matter axion experiments

SungWoo Youn the group leader (Chief Investigator)

e 3 (dry) + | (wet) fridges with superconducting magnets (8T, | 2 T) as axion haloscopes

* A dry fridge for quantum sensor testbed

3 postdocs, 3 researchers/fellows, 2 students, 3 research engineers, a visiting professor (emeritus of KAIST)

High frequency techniques | High Q cavities with HTS films
* | =6 GHz scan with KSVZIDFSZ sensitivity in 4 years
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DMAG cavities: ULC and HTS cavity

April 27, 2025

Prof. Dojun Yeom
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DMAG cavities: ULC and HTS cavity

sl s HTS tape
Cavity Resonant Frequency (Hz) and Quality Factor Gtt a C h e d

1.1640 Bil 1.3 Mil

1.1630 Bil

1.0Mil

1.1620 Bl
750K

1.1610 Bil
1.1600 Bil

1.1590Bil .

1.1580 Bil

7/600:00 7/608:00 7/616:00 7/700:00

COPP er 71 ’: == Resonant frequency = Unloaded quality Factor = Loaded quality Factor
asemen N\ -~
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Uchaikin SV, Kim |, Kutlu C, Ivanov Bl, Kim J, van Loo AF, Nakamura Y, Ahn S, Oh S, Ko M and

[ ] [ ]
D MAG rece Ive r C h al n S or . Semertzidis YK (2024), Front. Phys. 12:1437680. doi: 10.3389/fphy.2024.1437680

Boris Ivanov

QLNA team
u FIUX'driven JPAS Source @ v _'W‘M"’“’@ —MNVW* Readout

[ ] [ ]

JPA1 JPA2 JPA3 JPA4 JPA5 JPA6

Parallel JPAs l | l ]
= 3 JPAs bundled up

= Collaborating with U. of tokey

Superconducting
coil
DC sQui

= Single holder / flux bias | pump

= Extending the amplifier’s frequency range

M4 - coplanar wave guide resonator

CUBES 2025, Gurye
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3 = 2D .IPA Par amap (f;assive’ P pump)

% N = Gain contour

nc;. = Lower pump power — Lower added noise
: .

Get the lowest P, in the contour of given
target gain (typically 20 dB)
= Every 0.2 ~ 0.5 MHz, interpolated for each

tuning step
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Numerical optimization of T, with Nelder-Mead (NM) algorithm
* Optimize the SNR improvement by JPA
18
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DMAG receiver chains

400
1.20
200
T 115 0 3 Parallel JPA calibration
Ir =
o -200 3 . . o
- S, % All tuned with one bias current circuit
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T 2 % Frequency ranges are separated, no
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DMAG receiver chains
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Flux current [uA]

Successfully utilized in the science run

= CAPP-MAX run 6

* No degradation in noise / gain performance of JPAs
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Pump power from SG output

400

200

0 _ 3 Parallel JPA calibration

200 @ : . .
S = All tuned with one bias current circuit

-400 9

500 2 = Frequency ranges are separated, no

~800 interference among them (mostly)

—-1000

—1200 JPA working points | CAPP-12TB run 5 & 6
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