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 3Effects of 57Fe Thermal Motion, Nuclear Recoil, and Natural Width
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Effects of 57Fe thermal motion,  
nuclear recoil, and natural width

✦ Calculated fraction of axions emitted toward earth due to deexcitation of 57Fe nucleus in solar interior that react with 57Fe on earth and 
are resonantly absorbed. 

✦ For resonance absorption on ground, emission should fall within natural width at center of the emission line,  
and integral over relevant energy range was obtained as a percentage of total. 

✦ Calculating percentage of resonance absorption again on ground at solar temperature of 1.3 keV (4.2 keV) is only 1.8% (0.98%).

Spectrum of axion on the ground  
when all effects are taken into account
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 4Detection Sensitivity 

Yagi+ 2023b, IEEE Trans. Appl. in press

Yagi+ 2023a, J. Low Temp. Phys.

✦ TES calorimeters can detect self-absorbed thermal energy from axions 
✦ Therefore, more than 70% of efficiency is expected 
✦ Increase the converter mass by using an array device 
✦ Low-noise microwave SQUID multiplexed readout 

64-pixel TES array

Single TES pixel with Fe
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The detection sensitivity of  
TES calorimeter array

• Hadronic axion model 

• f_a = 1e+6 GeV 

• 57Fe; t10um×w100um×l100um 

• With anti-coincidence detector; 
Conservative BGD rate  
 = 1.0×10-2 counts/s/cm2/keV
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 5Setup of a Conventional X-Ray Irradiation Experiment
Calibration 
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✦ TES is fixed to detector stage at a certain angle 

✦ The angle cannot be changed freely 

✦ To observe solar axion efficiently, consider the setup of the observation environment 

- Consider the appropriate observation direction 

- Optimize TES setup in the measurement environment

At ISAS
Dilution refrigerator without signal multiplexing
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Efficiency × 1.5 Efficiency × 1.7

✦ Effects of magnetic field inside 
earth and its interaction with 
57Fe nucleus could appear.

 6Direction of Detector Plane for Efficient Observation

③ Day and night Earth, 
Double-sided irradiation of stage

② Day Earth, 
Double-sided irradiation of stage
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North

✦ Detection efficiency is 1.5 times 
higher 

✦ Events can be simplified and 
detection efficiency can be 
improved.

Determine the staging angle that will provide the greatest detection efficiency throughout the year.

Max efficiency ~ 35% Max efficiency ~ 61%

① Day Earth, 
Irradiation of front surface stage

South

Azimuth

Elevation

North

✦ Same procedure as solar panel 
installation

Max efficiency ~ 24%
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✦ Effects of magnetic field inside 
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 7Direction of Detector Plane for Efficient Observation

② Day Earth, 
Double-sided irradiation of stage
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✦ Detection efficiency is 1.5 times 
higher 

✦ Events can be simplified and 
detection efficiency can be 
improved.

Determine the staging angle that will provide the greatest detection efficiency throughout the year.

Max efficiency ~ 35%Efficiency × 1.5
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Efficiency × 1.5

 8Direction of Detector Plane for Efficient Observation
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detection efficiency can be 
improved.

✦ Same procedure as solar panel 
installation

Determine the staging angle that will provide the greatest detection efficiency throughout the year.
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✦ Effects of magnetic field inside 
earth and its interaction with 
57Fe nucleus could appear.
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 9Direction of Detector Plane for Efficient Observation
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✦ Detection efficiency is 1.5 times 
higher 

✦ Events can be simplified and 
detection efficiency can be 
improved.

✦ Same procedure as solar panel 
installation

Determine the staging angle that will provide the greatest detection efficiency throughout the year.

Max efficiency ~ 24% Max efficiency ~ 35% Max efficiency ~ 61%
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 10Radiation Sources for Energy Calibration

Lépy+ 2008, Appl. Radiat. Isot.

✦ Use two calibration sources for energy calibration

241Am energy spectra

57Co 241Am

Lines 
around  

14.4 keV
14.4 keV 13.9, 16.8, 17.8 keV

Half-time 272 days 432 years

Merit • Can calibrate the target 
line

• Lots of lines around the 
target line for easy 
calibration.

Demerit • Emits 122 and 136 keV  
γ rays

• Emits γ rays above 59 keV 
• 5.4 MeV α ray 
• Emits weak 14.4-keV line

TES

Calibration  
source or

1 K
 shield

4 K
 shield

40 K
 shield

E
xterior Calibration  

source

TES

Case 1 Case 2

Measured by Ge detector 
Energy resolution = 115 eV @ 5.9 keV 
(cf. TES ~ 2eV @ 5.9 keV)

Irradiation method for calibration sources
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 11Setup of Test Observation at ISAS

TES

Calibration  
source

New refridge. at KEK  
will rotate entire stand

• 6th floor laboratory at ISAS 

• Tilt stage 3° ~ 5° elevation angle

Production observation will be performed  
at KEK using MWMUX refrigerator

Dilution refrigerator without signal multiplexing

or
1 K

 shield

4 K
 shield

40 K
 shield

E
xterior

Calibration  
source

TES

✦ No need to apply and remove 
the radiation source frequently 

✦ Secondary X-rays from the 
shutter are generated 

✦ Need to remove and apply the 
radiation source at sunrise and 
sunset.

Case 1 Case 2

✦ Allows daily baseline calibration 
for more accurate energy 
calibration 

✦ X-ray count will be less due to 
distance 

✦ Need to remove and apply the 
radiation source at sunrise and 
sunset. 
→ Rotate and introduce 
automatically into the irradiation 
port

Source from outside  
only at night earth

At ISAS Shutter
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 12Practical Configuration and Sensitivity

Still considering the method of observation and would appreciate any advice.

Day Earth, 
Double-sided irradiation of stage

South

Azimuth

Elevation

North

✦ Azimuth → West or East direction 

✦ Elevation angle → 30°

Max. efficiency ~ 35%

Yagi+ 2023a,  
J. Low Temp. Phys.

101 102 103 104 105 106

The number of pixels
104

105

106

107

3σ
 u

pp
er

 li
m

it 
(e

ve
nt

s/
da

y/
kg

)

25
6 

pi
xe

ls

10
4  

pi
xe

ls

Namba 2007

Derbin+ 2011

Axion m
ass m

a  (eV)

300

200

150

100
80

60

ΔE : 20 eV, 100 days
ΔE : 15 eV, 100 days
ΔE : 15 eV, 200 days
ΔE : 10 eV, 200 days

101 102 103 104 105 106

The number of pixels
104

105

106

107

3σ
 u

pp
er

 li
m

it 
(e

ve
nt

s/
da

y/
kg

)

25
6 

pi
xe

ls

10
4  

pi
xe

ls

Namba 2007

Derbin+ 2011

Axion m
ass m

a  (eV)

300

200

150

100
80

60

ΔE : 20 eV, 100 days
ΔE : 15 eV, 100 days
ΔE : 15 eV, 200 days
ΔE : 10 eV, 200 days

Detection sensitivity
✦ Azimuth → West or East direction 

✦ Elevation angle → maximum 5°

Efficiency ~ 32%

Can't tilt dilution refridge.

Efficiency ~ 46%

Tracks the sun on azimuth only

× 2

If include night Earth, 
efficiency ~ 89%

TES

Calibration  
source

5°
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 13Summary and Next Steps

★ TES is promising for the most stringent bound for observations with 57Fe 

-  Successfully produced 64-pixel TES array with 56Fe absorber 

-  Can produce large TES arrays and readout systems by expanding our technologies 

★ Practical configuration and sensitivity for the observation was considered

★ Design of dilution refrigerator equipped with a system that can track the sun in the azimuthal 
direction with microwave multiplexing readout 

★ Fabrication of TES array with sufficient performance for test observation

Next steps

Summary


