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* Axion haloscope

» Dark Matter Axion Group — 8T (DMAG-8T)

e Dark matter axion search around 5.4GHz using >3M Q-factor HTS cavity

» 3.7-3.95GHz axion search with HTS cavity

« Summary & Future plan
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W) Axion haloscope

D. kim, et al, JCAP03(2020)066
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JDark Matter Axion Group (DMAG) - 8T

. EqUIpment Bluefors dllutlon refrlgerator LD400 + AMI 8T, 12cm bore magnet
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29-24 APRIH allows us to perform sub-Kelvin measurements in a high magnetic field environment. a



) Dark Matter Axion Group (DMAG) - 8T
* People

* Ohjoon Kwon
_-+Jiwon Lee

« Danho Ahn (left for Italy)

+ w/ help of all DMAG members

22-24 APRIL 2025 KPS Fall 2025 5



&))Experimental Goal

Constraints:
Inner bore: 118mm

Magnet center to bottom of still shield: 108 mm

=» Cavity volume < 2L
w/ B =7-75T

average

20 Aug 2025 DMAG Mini-Workshop 2025 6



&))Experimental Goal

search >300MHz/year, ~2 GHz/5year

Average B-field: 7-7.3T

Cavity volume: 1.5-1.9L

Q-factor: 500k — 2M

Form factor: 0.5-0.7

Noise temperature:  0.25-0.5K O,5-5|V|Hz/day
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o The cavity among all the DMAG’s HTS cavities

o Flux-driven JPA from RIKEN (Int’l collaboration w/ Nakamura’s group)
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VNA screen measuring Q-factor JPA packaged in DMAG
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JDMAG-8T-5.4GHz experiment

* Frequency tuning using HTS magnetization
No tuning rod inside!!

resonant frequency Center Frequency
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JDMAG-8T-5.4GHz experiment
- Physics run performed by Dr. Danho Ahn

25-06-26 12:00 — 25-06-27 09:00 21 hours

Parameter Value

B_ave (T) 7.7
Cavity volume (L) 0.2
Loaded Q-factor 1.8M
Coupling strength 1
Frequency (GHz) 5.4043 GHz

Form factor 0.65

Expected exclusion limit

System noise (T) 0.4

KSVZ axion scan rate:

8HZ/S’ OO7|\/|Hz/day Detailed analysis is ongoing

RIKEN
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IMAG-8T-4GHz experiment

o 3.6-4GHz axion search using HTS cavity.
o Flux-driven JPA from RIKEN (Int’l collaboration w/ Nakamura’s group)

3.6-4GHz HTS Cavity

Frequency (i) 3.7-4GHz JPA tested by Sergey
- ~1.5 quanta of T ;? (~*300mK)
(half quanta ~ 95mK)

From Dr. %
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) DMAG-8T-4GHz experiment

o 3.6-4GHz axion search using HTS cavity.
o Flux-driven JPA from RIKEN (Int’l collaboration w/ Nakamura’s group)

3.6-4GHz HTS Cavity
3.7-4GHz JPA tested by Sergey

- ~1.5 quanta of T ;? (~*300mK)
(half quanta ~ 95mK)

From Dr. Bori
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Parameter Value

B_ave (T) 7
Cavity volume (L) 1.6

Loaded Q-factor 7

Coupling strength 1.5-2.5
Frequency (GHz) 3.7-4 GHz
Form factor 0.5

System noise (T) 0.3?

KSVZ axion scan rate:

~1MHz/day

22-24 APRIL 2025

D) DMAG-8T-4GHz experiment

- Physics run will be performed from November 2025

KPS Fall 2025

13



W)Summary

* A high-temperature superconducting (HTS) cavity was successfully integrated into the
DMAG-8T setup, which features an 8 T magnet and a dilution refrigerator.

» The 5.4 GHz HTS cavity achieved a record-high Q > 3.5 x 10° with Tgys = 0.4 K,
demonstrating field-induced frequency via HTS magnetization without using a

mechanical tuning rod.

* Axion search data were collected in June 2025 using a flux-driven JPA, and analysis 1s
ongoing.

* Anew 3.7 — 4 GHz HTS cavity system is being prepared, with the next physics run
planned for November 2025.

22-24 APRIL 2025 KPS Fall 2025 14



Backup slides
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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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IMAG-8T-5.4GHz experiment

* Frequency tuning using HTS magnetization

: Magnetization Curve of Fujikura Tape (Perpendicular Field) In strong B-field,

M 150E+01

Perpendicular Field

8K Enormous current flows on HTS surface

while ramping up or down
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From Dr. Danho Ahn’s slides
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IMAG-8T-5.4GHz experiment

* Frequency tuning using HTS magnetization
While ramping up

While ramping down

From Dr. Danho Ahn’s slides
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20 Aug 2025

From Haystac'’s PRL. 134, 151006 (2025)
9.0 10.5 12.0

Axion Mass (ueV) From ADMX's arXiv: 2504.07279
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