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Resonant EM detection of
axion dark matter

Cavity mode equation Source:

(almost monochromatic)
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Signal Mode: E, Pump Mode: B
© Traditional resonant detection matches axion mass with the
resonant frequency by using a static B field.

w1 ™~ my, 0, (B) ~ 0 SRF can not be super-conducting
under the strong static B field.
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SRF with AC B field

: , Source: a
Signal Mode: E, (almost monochromatic)
W
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" Pump Mode: B,

Oscillating B,: The AC B field is inside the SRF.
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A.Berlin, R.T. D’Agnolo, et al, JHEP07(2020)no.07, 088. Lo Ma  th =wakm,
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Scanning the axion mass by tuning the differences twhn [’ E;
between two quasi-degenerate modes (probe low mass)

See also for Michael E.Tobar’s paper (for non-superconducting cavity)

M. Goryachev, et al, Phys.Dark Univ. 26 (2019) 100345,
Phys.Dark Univ. 32 (2021) 100787

C.A. Thomson, et al, PRD (2020) 107, 112003.




Axion detection

2024 Nov run

® 1.3GHz SRF, using two levels at 2.27 and
2.47GHz (modes different from 2207.11346)

@ Preliminary run still has some problems for
the antenna coupling

e [wo modes can only be coupled at 4K, with
0~ 108
e AC field energy 0.2J (B ~ mT)
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AXxion detection
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e Mechanical tuning
o Increase 2.27 GHz mode f
o Decrease 2.47GHz mode f
o >1MHz axion mass scan range

o Bounds around g,,, ~ 8 X 10~1“GeV
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Antenna position calibration

Need the new Cryostat to determine the antenna position at 2K

Cryostat at 4K Upgraded cryostat to 2K

D - =

Still need magnetic shielding 0
Increase cooling power, etc



Antenna position

® We also construct a Liquid-helium- ©® Optimize and confirm

based cryostat instead. the antenna position in
2026 Feb




New measurement this summer

® Pump mode injection power~1.6 W
(limited by amplifier output)

® Fixed Problem:

A narrower filter to prevent the
excitation of nearly degenerate modes

Fit the lineshape of reflect power to get
the antenna coupling




2K plan

e Future 2K pathfinder plan
o Decrease the phase noise

o Decrease the noise down to 5K,

Q ~ 10"
o AC energy 200J (B~0.07T)
o 1MHz axion mass scan
o Hope to gain the sensitivity

8avy ™ 10~ Gev




HFGW
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HFGW angular sensitivity

The overlapping function

For an incoming (8,¢) GWs, for our
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HFGW chirp signals
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The HFGW
chirp signals
based on
SRF heterodyne
mechanism is
preparing

Using 9 cell multi-mode to detect the
chirp signal from PBH merging @

2601.03341
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The current status of the 1
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Helium well of PKU-SRF team
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SRF in IHEP
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Institute of High Energy Physics Chinese Academy of Sciences

=== SRF used for Beijing &
D7 NSSSsee Shanghai Synchrotron

Radiation Facility and
future CEPC

¢
b
. . ro
% . G Ny a" \
.. N3 . \ ". L7 | .
RN |
§ 4 £
- )
: | B
: S
\
:

73 i_ ' . ,'— R ' "
o -!-ﬁ 1 Kbolid bbb 2 3 BRI T N YA

t ‘[' f[ill.‘al.&l.lft t J*

ENDCAP
16



Cryostat at 2K with large volume

Dry cryostat WVet cryostat




Dilution Refrigerator in our lab
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Currently we have one dilution
fridge inside the magnetic shielding
room without SC magnet




Dilution Refrigerator in the plan

The dilution fridge with a SC
magnet (max 8~9T) is in plan

* Will be prepared by the
end of 2026

* Include a superconducting
magnet coil

Not the standard one, we have to
design the facility...

Key apparatus to join the
GravNet!
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Something related

4

. and the plan
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Qubit readout with cat-state for SRF

Nb-based
Al SC quantum-
cavity sensing SC
for Based on cavity
quantum accelerator SC- 0=162x108
. cavity | order
sensin
. upgrade improvment
/ %
. Single-photon readout:
.,* = —I)  non-destructive, lower
quantum noise
C /
e <7.3x1071°

Phys. Rev. Lett. 136 (2026) 17, 171002

<¢1| D(ﬂ)l¢o> ~ 1P al’
| Prepare
N «  four-legged cat
. - states
4 « higher sensitivity

Interdisciplinary quantum precision tech
accelerates dark matter searches!
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Broadening the resonant scan
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....... multi-made

©® Engineered multimode coupling

0O

in cavities and LC circuits boosts

scan efficiency

Readout © Surpasses the standard quantum

upgrade,

broadband scan limit of conventional detectors.

\__ ® Same run time: 100-1000x higher 7 ,Grav Waves

z
J

B sensitivity (light dashed lines)

Need to design and fabricate

Rept.Prog.Phys. 88 (2025) 5, 057601 @

Josephson Ring Modulator (JRM) Phys.Rev.Res. 4 (2022) 2, 023015
used for |PC and other quantum device



Media comment

Physics World featured our quantum multimode
approach for broadening resonant-detector bandwidth.

Our method is novel
RESEARCH HIGHLIGHT and far more efficient

Searching for dark matter particles

15 0c¢t 2025 Paul Mabey

physicsworld

A consultancy firm with expertise in radiation
safety can help companies developing a new

eneration of commercial fusion reactors
A research team from China and Denmark have proposed a new, far more afficlent, method g

of detecting ultralight dark matter particles in the lab

Their method allows us to search for these elusive dark matter particles in a faster, more

efficient way.

Our proposed dark-matter search
method is fast and effective



General future plan

© SRF heterodyne mechanism (AC magnetic field): Use the

liquid 4He Duwa at 2K

® Conventional strong static magnetic field: dilution fridge at
> |OmK with strong SC magnet.

® Qubit readout or even as t

® Advanced quantum techno
SNR?

® Dish anntenna?

ne detector!

ogy or array to enhance the

® Accelerated quantum device to broaden the detection

(increase the scan rate)




