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▪ Axions will convert to photons in a magnetic field.

▪ The conversion rate is enhanced if the photon’s frequency correspond to a cavity’s 
resonant frequency.

𝑃𝑎→𝛾 = 𝜂𝑔𝑎𝛾𝛾
2

𝜌𝑎
𝑚𝑎

𝐵2𝑉𝐶𝑄𝐿

𝜂: The fraction of the converted power

transmitted to the readout probe 

𝑔𝑎𝛾𝛾: The axion-photon coupling constant

𝜌𝑎: local dark matter density

𝑚𝑎: axion mass

𝐵: magnetic field strength

𝑉: cavity volume

𝐶: form factor

𝑄𝐿: the cavity loaded quality factor
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A search excluded |𝑔𝑎𝛾𝛾| ≳ 8.2×10-14 GeV-1, a factor of 11 above KSVZ model, in the 𝑚𝑎 range 19.47 – 19.84 μeV in 2022.

Chang, Hsin, et al. "First results from the Taiwan axion search experiment with a

haloscope at 19.6 μeV." Physical Review Letters 129.11 (2022): 111802.
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Target:

An axion haloscope search the 𝑚𝑎 region: 8.48-9.10 μeV (2-2.3 GHz), 

excluding |𝑔𝑎𝛾𝛾| ≳ 7.5×10-15 GeV-1 (theoretic value of KSVZ model)

Configuration plan:

1. Superconducting magnet, providing 𝐵 = 6 T at the center

2. Josephson parametric amplifier (JPA), providing 𝑇𝑠𝑦𝑠 = 240 mK (two-photon noise)

3. Magnetic shielding, protection the JPA from the surrounding magnetic field.

4. Tunable cylindrical 2-2.3 GHz cavity, with 𝑉 = 4 L, 𝐶 = 0.46, and 𝑄 = 8×103

5. Cavity radiation calibration, a method directly characterizing the detection chain

Bore = 15 cm
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• The superconducting coils and five-layer

magnetic shield protects the JPA from ~ 1600 G

magnetic field is confirmed by the readings

from the two Hall sensors.

• We avoid ramping up to 9 T to further prevent

magnetic field penetration inside the shielding.
(Mid coil)

Hall sensor

(Shielding box)

Hall sensor
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Frequency tuning mechanism

Tuning rod

• 𝑓𝑟 = 2.0 − 2.3 GHz
• D = 128 mm : (diameter)

• L = 320 mm : (height)

• 𝑉 ~ 4 L
• 𝐶 ~ 0.46
• 𝑄𝐿 ~ 8000

𝑓𝑛𝑚𝑙 =
𝑐

2𝜋 𝜖𝑟𝜇𝑟
(
𝑝𝑛𝑚
𝑟
)2+(

𝑙𝜋

ℎ
)2

PEEK 

adapter

Tuning rod

Copper-coated cavity
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𝑃o• Calibration is crucial for finding gain of the output signal in the

detection chain and the system noise of the system.

𝑃𝑜 = 𝐺𝑘𝐵Δ𝑓 𝑆11
2 ෨𝑇𝑎𝑡𝑡 + 𝑆10

2 ෨𝑇𝑐 + ෨𝑇𝑎 ,

𝑆11 𝑓 =
𝜅0−𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

𝜅0+𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

𝑆10 𝑓 =
2 𝜅1𝜅0/2𝜋

𝜅0+𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

. 

• We have a known radiation power from cavity as our calibration source, 

to precisely characterize our detection chain.   

• This calibration method has been successfully carried out in a 4 GHz 

cavity with an expected result.
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Parameter CD102 Coming run

𝑇𝑠𝑦𝑠 (mK) 2300 240

𝜂 0.69 0.67

𝑚𝑎 (μeV)/

𝑓𝑐 (GHz)

19.47 – 19.84/

4.71 – 4.80

8.48 – 9.10/

2 – 2.3

𝐵 (T) 7.8 6

𝑉 (L) 0.23 4

𝐶 0.67 0.46

𝑄𝐿 2.0×104 8×103

|𝑔𝑎𝛾𝛾/𝑔𝑎𝛾𝛾
𝐾𝑆𝑉𝑍| 11 2.7

𝑃𝑎→𝛾 = 𝜂𝑔𝑎𝛾𝛾
2 𝜌𝑎

𝑚𝑎
𝐵2𝑉𝐶𝑄𝐿, 𝑔𝑎𝛾𝛾 =

𝑔𝛾𝛼

𝜋Λ2
𝑚𝑎

CD102 Coming run



1011/20/2024
1010

C
o
m

in
g
 R

u
n



1. Four goals have been achieved for the following run.

• A JPA reduce the system noise to the level of two-photon noise.

• The 2GHz cavity works at low temperatures.

• The shielding ability have been confirmed with Hall sensors.

• The system noise is accurately determined through cavity radiation calibration.

2.    We are ready to proceed with a data taking run this year.
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𝑃o

• The detection chain for axion haloscope search

is the signal path from a cavity to the signal

analyzer, where the gain is 𝐺 and the system

noise is given by

𝑇𝑠𝑦𝑠 =
1

𝑘𝐵Δ𝑓

𝑃𝑎𝑣𝑒/𝐺

𝑁𝑎𝑣𝑒
.

• The radiation emitted from an object 𝑥 is 

෨𝑇𝑥 =
ℎ𝑓

𝑘𝐵

1

𝑒

ℎ𝑓
𝑘𝐵𝑇𝑥−1

+
1

2
.

• The output power of the detection chain is 

𝑃𝑜 = 𝐺𝑘𝐵Δ𝑓 𝑆11
2 ෨𝑇𝑎𝑡𝑡 + 𝑆10

2 ෨𝑇𝑐 + ෨𝑇𝑎 ,

𝑆11 𝑓 =
𝜅0−𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

𝜅0+𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

𝑆10 𝑓 =
2 𝜅1𝜅0/2𝜋

𝜅0+𝜅1 /2𝜋+2𝑖 𝑓−𝑓0

. 

• This calibration method has been successfully 

carried out in a 4 GHz cavity.

𝑓0
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