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Axion Detection Sensitivity
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parameter Remarks

𝑆𝑁𝑅 Signal to noise ratio

𝑃𝑎 Typical axion signal power

𝜎 Average noise power

𝑇𝑠𝑦𝑠 Effective system noise 
temperature

∆𝑓 Resolution bin width

𝑁𝑎102 Amount of data

SSE Scan 

Cavity & Magnet

JPA & data taking strategy

The efficiency of reducing "𝜎"
1. 𝑇𝑠𝑦𝑠 factor of 1

2. 𝑁: factor of  square root

Hsin Chang et al, Phys. Rev. Lett. 129, 111802 (2022)

From TASEH CD102 result :
 𝑃𝑎~1.4 × 10−24𝑊
 𝑻𝒔𝒚𝒔~𝟐𝑲,→ 𝜎~1.4 × 10−23𝑊

→ ~8.1𝑔𝑎𝛾𝛾

After integrating JPA in detection chain
 𝑃𝑎~1.4 × 10−24𝑊
 𝑻𝒔𝒚𝒔~𝟎. 𝟑𝑲,→ 𝜎~2.1 × 10−24𝑊

→ ~3.13𝑔𝑎𝛾𝛾 (with the same data 

taking time)
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Amplification Chain

Noise power after sequential Amplifiers: 

𝑃𝑜𝑢𝑡 = 𝐺𝑝(𝐺𝐻 𝐺𝐽 𝑃𝑣𝑐 + 𝑃𝑎𝑑𝑑,𝐽 + 𝑃𝑎𝑑𝑑,𝐻 + 𝑃𝑎𝑑𝑑,𝑃)

𝑃𝑎𝑑𝑑,𝐽
JPAs HEMT post post post
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𝑃𝑜𝑢𝑡 = 𝐺𝑝𝐺𝐻𝐺𝐽 𝑃𝑖𝑛 + 𝑃𝑎𝑑𝑑,𝐽 +
𝑃𝑎𝑑𝑑,𝐻

𝐺𝐽
+

𝑃𝑎𝑑𝑑,𝑃

𝐺𝐽𝐺𝐻

𝑃𝑜𝑢𝑡 = 𝐺𝑡𝑜𝑡𝑘𝐵𝑇𝑠𝑦𝑠∆𝑓 = 𝐺𝑝𝐺𝐻𝐺𝐽∆𝑓(Tin + Tadd,J +
Tadd,H

𝐺𝐽
+

Tadd,𝑃

𝐺𝐽𝐺𝐻
)

𝑇𝑠𝑦𝑠 = Tin + Tadd,J +
Tadd,H

𝐺𝐽
+

Tadd,𝑃

𝐺𝐽𝐺𝐻

parameter Remarks

𝐺 Gain from amplifier 

𝑃𝑎𝑑𝑑 Add noise from amplifier

𝑇 Effective noise temperature 

Amplification 
chain
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Quantum Parametric Amplifier

Phase I

Phase II
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Josephson Parametric Amplifier 

➢ LJPA (Mutus)
➢ 20dB Gain
➢ SQL system noise
➢ 50MHz BW
➢ -115dBm saturation power
➢ citation 108

Appl. Phys. Lett. 103, 122602 
(2013)

➢ LJPA (Elo)
➢ 20dB Gain
➢ SQL system noise
➢ 100MHz BW
➢ -125dBm saturation power
➢ citation  14

Appl. Phys. Lett. 114, 152601 
(2019)

➢ FDJPA
➢ 20dB Gain
➢ 2*SQL system noise
➢ 2MHz BW
➢ -135dBm saturation power
➢ citation 450

Appl. Phys. Lett. 93, 042510 
(2008)

JPA

LC Circuit Linear C/L

Nonlinear 
Element

Josephson Junction/ 
SQUID

Pump Feed 
line 

3WM pump line

Parallel Plate 
Capacitor 

Interdigit 
Capacitor 

CPW 
Capacitor 

SQUID

SQUID

SQUID
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JPA at 2GHz
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Shielding 
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Implemented at Axion Detection Chain
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JPA in Other Frequency Band
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IMPA

Multistep LJPA device image 

Parallel-plate 
capacitor

SQUID

Dielectric fabrication
-> developing the multilayer JPA fabrication

Impedance matching network 
-> improving the bandwidth
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Phase II : TWPA 


