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The haloscope: a resonant axion dark matter detector

Expected signal and noise
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Experimental setup and cavity model

Magnetic

Field

M
ic
ro
w
av
e

C
av
it
y

Tunable antenna

Weakly coupled antenna

Liquid Helium Bath

300 K

-2
0

d
B

KF 40

Cavity input

Channel 1

HEMT

Tamb

C1
50 Ω

C2
50 Ω

KF 25

OUT

Channel 4

QUAX Collaboration Very high Q-factor dielectrical mw resonator 16th Patras Workshop 3 / 11



Electric �eld and surface loss for the TM010 mode

Only upper
half of the
cavity shown
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Cavity coolings: Q factor vs temperature

Cooling run 1

Cooling run 2
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Measurement at 4 K: Q factor vs magnetic �eld

Frequency shift

Magnet Ramp-up

Magnet Ramp-down

Cu magnetoresistance measurements @CAPP: slight surface conductivity increase
(≈ 3%)... instead about ≈ 50% increase seen!

QUAX Collaboration Very high Q-factor dielectrical mw resonator 16th Patras Workshop 6 / 11



Mechanical tuning demonstration

Fine Tuning
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Planned tuning mechanism

10.1016/j.nima.2020.164641
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Summary

Thank you for the attention!
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Appendix 1 - Haloscope scan rate

λ=
Tadded

Teff
(Tsys = Tadded + Teff ) ; Paxion = P0

β

1+ β

QLQa

QL + Qa

df

dt
=

1

SNR2

(
P0

kBTeff

)
2
(

β
1+β

4β
(1+β)2+λ

)2

QLQ
2

a

QL + Qa
·

Dongok Kim et al JCAP03(2020)066
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Appendix 2 - Cavity coolings: losses and frequency vs temperature

Cooling run 1

OHFC Cu surface resistivity @10.3 GHz
(considering anomalous skin e�ect)

Red line postulates that at the 4K point all the losses happen in the copper
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