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Assume:

Axion Dark Matter Search in A Nutshell 
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Oscillating source current ➜ RF photons

RF photon frequency = axion mass
~ 10-21W at ma=μeV

(assuming B=8T, V=0.2 m3 magnet and cavity Q =105)

RF antenna

High Q cavity
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Dark Matter Axion Search Strategy
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Axion Frequency Scan Speed 
Strong magne<c field (18T) 

High Q cavity

Increase cavity volume?

Lower the noise temperature 

Cavity form factor 

dνa

dt
∝ gaν2

a ρDMC2Q
V2B4

T2



18T HTS Magnet
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Cavity: Frequency Tuning
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TM010 mode
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Quantum Amplifier: Josephson Parametric Converter 
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~27dB Gain
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JPC Noise Temperature
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<latexit sha1_base64="pZB0CSrkHEe2YLvMPZ98YfDvRBg="></latexit>

Tsys = TP + T1 +
T2

G1

+
T3

G1G2

+ ...
dνa

dt
∝ gaν2

a ρDMC2Q
V2B4

T2
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Field Cancellation and JPC Response 
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JPC



RF Chain 
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Full System Assembly
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Cavity

JPC

HEMT

18T Magnet

B-field 
Cancela<on coil

Dilu<on Fridge Magnet Insert CAPP18T Cryostat

Yoo 2023-04-01 UCLADM



Deadtime Free DAQ
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● ADC module: Signatech PX14400A 
● 14bit (400 MS/s), 2-ch 
● Infinite sampling mode

Yoo 2023-04-01 UCLADM

● RealNme mulNthread FFT  
● 80MS/s data stream without buffer fill  
    ➔ 100% DAQ live<me achieved! 
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Axion Dark Matter Search
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  Detector Commissioning: Apr.~ Nov. 2020 
  Dark Matter Search: 30 Nov. ~ 24 Dec. 2020 
  LHe consumption ~140L/day 



Data Selection and Systematic Uncertainties 
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<latexit sha1_base64="6cZmCnaM/xxiO5s/IdS4WO6gpNA=">AAACFXicbVDLSgMxFM3UVx1fVZduBotQEepMKepGKOrCjdCifUBbSya904ZmHiQZoQ7zHbrV/3Anbl37G36B6XQW2nrgksM59yY3xw4YFdI0v7TMwuLS8kp2VV9b39jcym3vNIQfcgJ14jOft2wsgFEP6pJKBq2AA3ZtBk17dDnxmw/ABfW9OzkOoOvigUcdSrBU0v15rWceF6yjjg0SH/ZyebNoJjDmiZWSPEpR7eW+O32fhC54kjAsRNsyA9mNMJeUMIj1TiggwGSEB9BW1MMuiG6UbB0bB0rpG47PVXnSSNTfExF2hRi7tup0sRyKWW8i/ue1Q+mcdSPqBaEEj0wfckJmSN+YRGD0KQci2VgRTDhVuxpkiDkmUgWld65A/YXDjbr3lj6CiCwzTqqkjlhXIVmzkcyTRqlonRTLtXK+cpHGlUV7aB8VkIVOUQVdoyqqI4I4ekYv6FV70t60d+1j2prR0pld9Afa5w/hiJ1z</latexit>

= Q0/(1 + �) Axion Signal Power

Systematic Uncertainties

Net Detector Livetime



Total System Noise Temperature
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Signal to Noise Ra<o Improvement (SNRI)



Grand Power Spectrum
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Grand Power Spectrum

#s
pe

ct
ru

m
   

   
   

1
2

3
4

5
6

7
8

9
10

11
12

13
14

15



Axion Signal Likelihood and Rescan Candidates
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Likelihood CalculaNon

 4.78000                                                                 4.78001

● Rescan Criteria: PA > 0.01 
   ➔ 8 Rescan candidates 
 
● Rescan Opera<on: Aug. 2021 
   ➔ No persistent signal is found 
       se_ng upper bound in ga""

Expected DM Axion Signal: 
Maxwell-Boltzmann DistribuNon 
in frequency domain



18Yoo 2023-04-01 UCLADM

Rescan Results

#3 #4 #5 #6 #8

No significant enhancement of dark mager axion signal 



19Yoo 2023-04-01 UCLADM

Frequen<st Bayesian

Axion Dark Matter Search Results



Summary

More details: PRD 106 092007 (2022)


