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) Axion haloscope

P. Sikivie, PRL 56, 16 (1983)
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High-Q boosts axion scanning speed

D. Kim et al., Physics A (2020), 03 R. Cervantes et al., Phys. Rev. D 110, 043022
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) CAPP’s main axion experiment (CAPP-MAX)

**Phys. Rev. X 14, 031023 (2024)

CAPP’s flagship experiment to search for axion above 1GHz
Dine-Fischler-Srednicki-Zhitnitsky (DFSZ) sensitivity
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) CAPP’s main axion experiment (CAPP-MAX)

**Phys. Rev. X 14, 031023 (2024)

CAPP’s flagship experiment to search for axion above 1GHz
Dine-Fischler-Srednicki-Zhitnitsky (DFSZ) sensitivity

Large cavity

\.,AJ‘.I N ‘,l‘ = - maximum volume
12 Tesla SC magnet Dilution refrigerator JPA (quantum amplifier) - high Q
320mm bore diameter Thase ~ 5.6 mK > 1 GHz - easy cooling
By Oxford. Inc By Leiden By collaboration w/ Tokyo Univ. - frequency tunable

RIKEN
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Ultra-light cavity (ULC) for CAPP-MAX

*Phys. Rev. Lett. 130, 071002 (2023).
**Phys. Rev. X 14, 031023 (2024)

0:5mm thick - 37L, total ~6k
@274 ?%i :
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- Easy tuning
‘ - Fast cooling

= ' .Q, > 170k w/o tuning rod

n‘ >100k w/ tuning rod
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. Global Cluster ] CAST EEm CAPP TASEH 1.024_1.186HZ Scan CompletEd

"4 mmm Neutron Stars B ADMX N CAST-CAPP s GrAHal
. RBF & UF B HAYSTAC CAPP18T

Tony ~ 30mK

Toys ~ 230mK

IS

3 parallel JPAs readout

|94+ [DFSZ]
w

N

3MHz/day in DFSZ sensitivity
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) Next cavity for CAPP-MAX?

1.18-1.53 GHzTypical copper cavity =>» Less volume, Less Q-factor

273mm

Q-factor
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Next cavity for CAPP-MAX?

CAPP’s HTS-ReBCO cavity
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- Vertical movment of Sapphire rod - CAPP’s first >1M Q-factor HTS cavity - CAPP’s best Q-factor so far

- Axion experiment performed - AQN experiment performed
See Dr. D.Ahn’s talk
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Next cavity for CAPP-MAX?

1.2-1.5GHz  Hybrid cavity: HTS tuning rod

CuRod eHTS Rod

1.60E+05
L 40E405 90-100% Q-factor increase
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@®)Next cavity for CAPP-MAX?

75k

OFHC cavity Hybrid cavity Full HTS cavity

At least 6 times faster scanning
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1.2-1.5 GHz cavity for CAPP-MAX

: Full HTS cavity
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)1.2-1.5GHz cavity for CAPP-MAX

23-25 APRIL 2025

design

KPS Spring 2025

: Full HTS cavity

|

Gearbox (1:20) is ready
to move HTS tuning rod




Covering HTS on copper parts

On side wall Cavity top-outer plate

Cavity top-inner plate
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Gearbox (~1:20) is designed
to move HTS tuning rod

82mm _diameter of HTS tuning rat
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Full HTS cavity in CAPP-MAX system

During cooling down @1.163 GHz

w/ frequency tuning

Cavity Resonant Frequency (Hz) and Quality Factor
1.1640 Bl

1.1630 Bil

1.1620 Bil

1.1610 Bil

1.1600 Bil

1.1590 Bil

1.1580 Bil
7/600:00 7/608:00 7/616:00 7/700:00

Resonant frequency == Unloaded quality Factor == Loaded quality Factor

Loaded Q

0
1.15E+09 1.25E+09 1.35E+09 1.45E+09

- The unloaded Q-factor: 0.5 — 1.2 milion. Q,¢raze ~ 0.8milion
- Gearbox works well, 20V piezo bias voltage can tune the cavity
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CAPP-MAX run: 6JPAs are installed

(Dr. Sergey Uchakin presented on Tuesday)

« JPA2 « JPA3 « JPA4 +« JPAS o JPA6 == SQL

Frequency (GHz)
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CAPP-MAX run: O field data

Before applying Magnetic field, ¥13MHz of O field data obtained to optimize DAQ system.

Cavity resonance frequency Quality factor Antenna coupling

1.495 GHz 1500000
1.493 GHz 1250000
1.490 GHz 1000000

1.488 GHz 750000

=
[}
=
|3}
@
&
>
=
©
>
o

1.485 GHz 500000

Antenna coupling

1.483 GHz 250000
1.480 GHz

1.478 GHz
8/17 451284

rfreq Current: 1.47976 GHz 722261
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CAPP-MAX run: O field data

Before applying Magnetic field, ¥13MHz of O field data obtained to optimize DAQ system.

Cavity resonance frequency Quality factor Antenna coupling

1.495 GHz 1500000

1.493 GHz 1250000

1.490 GHz

1.488 GHz

1.485 GHz

1.483 GHz

Grand excess (1)
Entries (#)

1.480 GHz

1.478 GHz
8/17

rfreq Current: 1.47976 GHz

1.480 1.482 1.484 1.486 1.488 1.490 1.492 1.494 -1 0 1
Axion frequency (Hz) 1e9 Grand excess (1)
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©®)CAPP-MAX run: Q-factor w/ Bfield

w/ 11.2 teslg,
we achieved 1M around 1.3GHz

However,
we had to warm up the system
due to ...
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®)Status and Plan in DMAG

CAPP-MAX =>» DMAG-12TB

1. Leiden fridge is being fixed!

2. Making HTS cavity stronger!

3. New and stronger HTS cavity will be ready!
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W)Summary

» High Q-factor cavity boost axion scanning speed.

» Axion haloscope utilizing 12T/32cm bore magnet + Leiden dilution
refrigerator can search DFSZ axions with reasonalble speed.

« CAPP’s HTS cavities will enhance the axion scanning speed.

» Large size (>30L) HTS cavity is assembled for 1.2-1.5 GHz and the
Q-factor of the cavity is around 10° in the 11.2 tesla magnetic field

 DMAG will keep going with HTS cavites.
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