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Axion Haloscope
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Sikivie effect: Axion -> photon in the presence of
another photon 1.

QCD axions: solution to the strong CP problem [1].
Constitute cold dark matter if 1ueV < m, < 10meV|[2].
Axion haloscope : detect the axions in the galaxy by
leveraging the Sikivie effect (a—y interaction).
Utilize resonant cavity to enhance conversion power.
o  When fa = fcav, resonant conversion
o  Tune cavity resonant frequency to find unknown

m..

Axion to photon conversion power [3]
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Gayy model-dependant (KSVZ)
coupling constant

Pgr, local dark matter axion density
in the galactic halo

m, mass of axion

B is the ext. magnetic field strength
V, is the cavity volume

C is cavity form factor

Q, is axion quality factor

Q, is loaded cavity quality factor
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Scanning rate [3]

Tsys is the system noise
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Axion Haloscope
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QCD axions: solution to the strong CP problem [1].
Constitute cold dark matter if 1ueV < m, < 10meV|[2].
Axion haloscope : detect the axions in the galaxy by
leveraging the Sikivie effect (a—y interaction).
Utilize resonant cavity to enhance conversion power.
o  When fa = fcav, resonant conversion
o  Tune cavity resonant frequency to find unknown
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Axion to photon conversion power [3] g,,, model-dependant (KSV2)

coupling constant

Pgr, local dark matter axion density
in the galactic halo

m, mass of axion

B is the ext. magnetic field strength
V, is the cavity volume

C is cavity form factor

Q, is axion quality factor

Q, is loaded cavity quality factor
Tsys is the system noise
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Experiment Motivation
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Experiment Plan
Frequency [MHz]

Neutron Stars

Projected target for
this experiment
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5.56 GHz - 5.81 GHz

Parameters for this experiment :

|gayy| Pam M, B VC C Qa Q0 Tsys SNR
1.5%x9,q,, [045 ~23.5ueV |~7.2T 31L ~0.6 ~10° ~50000 ~0.5K 5
(KSVZ model [Z]) GeV/cm3 Due to Quantum

noise limited JPAs

Estimated Output signal power is ~1072* W, and scanning rate is ~3 MHz/day.



Experiment Setup
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Experiment Setup
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Experiment Setup
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Experiment Setup - 8 cell cavity 10
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Vs N\ V4 \ Magnet bore size is fixed, so better cavity
l design is needed at higher frequencies for
‘ m—) \ : efficient use of space.
N / N / Multiple cell cavity design [6]
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 Single cavity partitioned into multiple
equi-angular sections

Updated 8-cell cavity design from CAPP-8TB PR2, « Antenna (RF coupler) inserted into the central

easy to assemble & better fabrication tolerances gap for signal combination and power readout

Concept of multiple-cell cavity fc on dark matter
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multiple-cell cavity for axion dark matter search, Physics Letters B 777, 412 (2018).



Experiment Setup - 8 cell cavity 11

e OFHC copper Cavity Cc fa:)(:tor vs frequency
o Inner Diameter: 128 mm

o Inner Height: length of 270 mm os///
o Volume: 3.1L
\I/

o Alumina tuning rod 04
» The tuning mechanism (carousel

geometry) is moved with the help of 02 Za i\
piezo actuator. QID
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Experiment Setup - JPA operation and characterization
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Experiment Setup - JPA working point

Methods to find least noisy JPA
working points :

o Lookup table (LUT) -

m Scan of all combinations of
pump power and bias
current.

m Straightforward, but takes
too long and power
saturates the JPA.

o Nelder-Mead Method [7] [8] -

m  Numerical method to find =
local minimum of a e
function. 2

m Direct search method Ry
(derivative-free).

m Takes less time; dependin

only on number of
iterations.

7. Nelder, J.A.; Mead, R. A Simplex Method for Function Minimization. Comput. J. 1965, 7, 308-313.
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Experiment Setup - RF Chain t

—

TSyS < 50 mK provided by cryogen-free dilution

refrigerator, BlueFors LD400.

2. JPAused as 1st amplifier after cavity (lowest
noise amplifier)

3. Cavity coupling measurements done through
the output chain.

4. Cavity resonance frequency and quality factor
are measured through the weak port.

5. Total system gain is measured via bypass line.

6. Total system noise temperature is measured

using the cryogenic noise source.



Conclusion and Future Plans

e Presented the design and commissioning status of CAPP 8TB now DMAG
8TB axion haloscope experiment targeting 23.5 peV mass range (~5.7 GHz)
with ~ KSVZ sensitivity.

e The experiment integrates an 8-cell copper microwave cavity with high form
factor, a low-noise flux-driven JPA, and a cryogen-free dilution refrigerator
operating <50 mK.

e \We implemented fast and effective JPA characterization protocol using the
Nelder-Mead optimization algorithm, significantly reducing the time and
power overhead compared to brute-force LUT scans.

e We will scan 250 MHz bandwidth between 5.56-5.81 GHz at a rate of ~ 3
MHz/day, achieving an expected signal power ~ 1024 W.

e We will begin data collection for the 250 MHz range supported by the cavity
in May 2025.
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