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Solar axion search with TES 
microcalorimeters and an iron-57 absorber

1. Solar Axion search

2. Principle of Detection

3. TES microcalorimeter

ü Induce an inverse reaction at the laboratory
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4. Design using iron-57 absorbers

5. Development of 64-pixel TES array 

ü Axion can solve the strong CP-problem
ü Axion can be a part of dark matter 

Ø Axion search is a well-motivated experiment in both particle 
physics and astrophysics field

ü Sun is a good source of axion S. Moriyama
Phys. Rev.Lett.,75(1995)3222
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Ø Line spectrum from 57Fe, 7Li, 83Kr and 169Tm are characteristic 
signals from solar axions

• Branching ratio emitting 𝛾-rays of 14.4 keV: ~10%

• Self-absorption by an Iron foil: ~80%
à Overall efficiency, including detector acceptance: only 1%(T. 
Namba, 2007) or 9%(A. V. Derbin, et al., 2011)

eg. Gas and silicon detectors

𝛾-ray detector

ü Catching the mono-energy 𝛾-ray using detectors with a high-energy 
resolution

ü We can investigate the interaction term of axion-nucleon coupling
independently

But…
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.
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TES Microcalorimeter with 169Tm [4]Semiconductor with 57Fe [2,3]

TES Microcalorimeter with 57Fe [5]

• Axion is one of cold dark-matter candidates in the 
universe 

• Axion-photon conversion is allowed in electric or 
magnetic fields. 

• M1 transition in a nucleus, 57Fe, 7Li, 83Kr, and 169Tm, 
can emit an axion
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 

Solar Axion Search by Spectrometer
[1]

[2] ma < 216 eV (95 % C . L.)
[3] ma < 145 eV (95 % C . L.)

14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV

[4]

3.9 days

8.18 g

• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 

• We have been fabricated TES 
microcalorimeter array of 64 pixels  

• We will start a test observation for 
a technical demonstration
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.
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• Axion is one of cold dark-matter candidates in the 
universe 

• Axion-photon conversion is allowed in electric or 
magnetic fields. 

• M1 transition in a nucleus, 57Fe, 7Li, 83Kr, and 169Tm, 
can emit an axion
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 
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14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV
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3.9 days

8.18 g

• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 

• We have been fabricated TES 
microcalorimeter array of 64 pixels  

• We will start a test observation for 
a technical demonstration
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
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• Axion is one of cold dark-matter candidates in the 
universe 

• Axion-photon conversion is allowed in electric or 
magnetic fields. 

• M1 transition in a nucleus, 57Fe, 7Li, 83Kr, and 169Tm, 
can emit an axion
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source
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• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 
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• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV
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• TES and iron converter/absorber 
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 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
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certain distance from the TES  
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high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.

Summary

References
[1] S. Moriyama, Phys. Rev. Lett. 75, 3222, (1995), DOI: https://doi.org/10.1103/PhysRevLett.75.3222  
[2] T. Namba, Phys. Lett. B 645, 398, (2007), DOI: https://doi.org/10.1016/j.physletb.2007.01.005 
[3] A. V. Derbin, V. N. Muratova, D. A. Semenov, and E. V. Unzhakov, Phys. Atom. Nucl. 74, 596, (2011), DOI: https://doi.org/10.1134/S1063778811040041 
[4] A. H. Abdelhameed et al., J. Phys.: Conf. Ser., 2103, 012142, (2021), DOI: https://doi.org/10.1088/1742-6596/2103/1/012142 
[5] Y. Yagi et al., J. Low Temp. Phys., (2022), under minor revision

TES Microcalorimeter with 169Tm [4]Semiconductor with 57Fe [2,3]

TES Microcalorimeter with 57Fe [5]
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universe 

• Axion-photon conversion is allowed in electric or 
magnetic fields. 

• M1 transition in a nucleus, 57Fe, 7Li, 83Kr, and 169Tm, 
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 

Solar Axion Search by Spectrometer
[1]

[2] ma < 216 eV (95 % C . L.)
[3] ma < 145 eV (95 % C . L.)

14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV

[4]

3.9 days

8.18 g

• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 

• We have been fabricated TES 
microcalorimeter array of 64 pixels  

• We will start a test observation for 
a technical demonstration
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.
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can emit an axion

 10

Absorber 
(Fe)

Thermal  
strap 
(Au)

TES

Wire (Al)

10
0 

µm

20 µm

18
0 

µm

Absorber

TES  
(Ti/Au = 30/90 nm)

Thermal strap

Seed layer

Top

Side

Membrane structure (SiNx/SiO2)

Si wafer

3 µm

2 µm

300 µm Si  
wafer

Conclusion and Future Works

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

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

• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 

Solar Axion Search by Spectrometer
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[2] ma < 216 eV (95 % C . L.)
[3] ma < 145 eV (95 % C . L.)

14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV

[4]

3.9 days

8.18 g

• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 

• We have been fabricated TES 
microcalorimeter array of 64 pixels  

• We will start a test observation for 
a technical demonstration
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.
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• Axion is one of cold dark-matter candidates in the 
universe 
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• M1 transition in a nucleus, 57Fe, 7Li, 83Kr, and 169Tm, 
can emit an axion
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 

Solar Axion Search by Spectrometer
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[3] ma < 145 eV (95 % C . L.)

14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV
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• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 
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a technical demonstration
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Several innovative techniques for particle detection are being developed, and there could be new channels to search dark matter in wide parameter space. Cryogenic detectors are promising due to their 
high energy resolution, which derives high sensitivity and low background for monochromatic dark matters. We focus on 14.4-keV monochromatic axions produced by the 57Fe M1 transition in the Sun. In 
the solar core, a 57Fe nucleus interacting with blackbody photon with kT ~ 1.3 keV is excited to the 14.4-keV first level through M1 transition. It deexcites soon and emits a 14.4-keV monochromatic axion. At 
the reconversion, the 57Fe emits a 14.4-keV gamma-ray, conversion electron, or a lower energy X-ray with a certain probability. Ideal energy resolution of a transition edge sensor (TES) microcalorimeter is 
about 2 eV below 10-keV particles, where a typical energy resolution of a conventional Si-PIN detector is ~ 120 eV. Therefore, it has a much higher sensitivity than a semiconductor sensor. We designed a 
64-pixel TES microcalorimeter array with 57Fe absorbers to detect the 14.4-keV solar axion. There are lots of practical difficulties to utilize 57Fe as an absorber. We will describe the design, fabrication, and 
current plan. Discussion and new proposals about new application of cryogenic detectors for axion search are welcomed.
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• Special structure to avoid the degradation of 
transition sharpness under iron magnetization  

• Successfully operated the TES with a distance 
between TES and absorber for the first time 

• To perform evaluation a few pixels of 64 pixels 
under 14.4-keV radiation source

The branching ratio of 14.4-keV γ-rays —  10% 
That of conversion electrons and lower energy X-rays —  90% 
Self absorption by Iron foil — about 80% 
 → Overall efficiency including solid angle of the detector  
       ~ only 1%[2], 9%[3] 

Solar Axion Search by Spectrometer
[1]

[2] ma < 216 eV (95 % C . L.)
[3] ma < 145 eV (95 % C . L.)

14 days 
211 mg• Low efficiency 1-9% 

• Low energy resolution  
ΔE ~ 120 eV

• This target is 8.41-keV line from 169Tm 
• With high-mass Tm3Al5O12 crystal (non-magnetic material) 
• Microcalorimeter can detect heat energy from axions 

 → High efficiency due to detecting self-absorbed energy 
• TES, Transition edge sensor (superconductor detector), has 

high energy resolution ΔE ~ 2 eV

[4]

3.9 days

8.18 g

• TES and iron converter/absorber 
are integrated 
 → More than 70% efficiency is 
expected 

• Increase the converter mass by 
using an array device 

• The ferromagnetization of iron may 
degrade on the spectroscopic 
performance 
→ To place the absorber at a 
certain distance from the TES  
and to connect them with a thermal 
strap  

• We successfully operated the TES 
microcalorimeter with a distance 
between TES and absorber under 
iron magnetization for the first time 

• We have been fabricated TES 
microcalorimeter array of 64 pixels  

• We will start a test observation for 
a technical demonstration

Only single pixel TES

TES

64-pixel TES array

[5]

[5]

1 
cm

Y. Yagi, et al.,
Journal of Low Temperature Physics (2023) 211:255-264

Ø Please wait for the publication
Ø Sensitivity was dominated by the 
photon limit

• 90% convert to Auger electron or lower energy X-ray

TES 𝑇 ~ 100mKThermal capacitance
𝐶 ~ 1 pJ/K

Thermal conductivity
𝐺 ~ 1nW/K

Heat sink

Normal state

Log R

Log T

𝜶 = 𝑻
𝑹
𝝏𝑹
𝝏𝑻
~100-1000

Superconducting state

Phase-transition

X-ray 𝐸

• TES, which consists of a superconducting film, is operated in the narrow 
temperature region between the normal and superconducting state

• The logarithmic sensitivity of a superconducting transition 𝛼 can be two 
orders of magnitude more sensitive than that of semiconductor thermistors

• Energy resolution

𝛼 = !
"
#"
#!: dimensionless sensitivity

𝐶: thermal capacitance
𝑇: temperature

TABLE 2. Contribution of each noise component to the measured energy resolution (eV). 

(a) 
(b) 

^E 
4.8 
2.8 

AE'v 
2.5 
1.5 

AE'b 
4.1 
2.4 

^-^ Johnson 

0.93 
0.93 

^-^phonon 

1.07 
1.15 

^-^ readout 

2.58 
0.83 

^-^excess—J 

0.78 
1.20 

^-"^excess—p 

2.79 
1.37 
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FIGURE 4. (a) Average pulses of the two measurements 
when 4.8 eV resolution (dashed line) was obtained and that 
when 2.8 eV (solid line). Pulse heights and time constants 
are A/ = 13.6,17.7 ilA and Tgff = 305,227 ;Us, respectively, 
(b) Schematic view of the collimator setup, (c) Energy spec-
trum of Mn-Ka X-rays. The data is shown in black. The blue 
curves show the source line-shapes used for the fit (red line). 

PURSUIT OF ENERGY RESOLUTION 

have also improved the temperature stability of the di-
lution refrigerator. When the 4.8 eV resolution was ob-
tained, this thermal drift of'--' 30 ûK was seen, and the 
resulting drift of pulse-height was corrected using the DC 
level of the SQUID output. It is likely that the main cause 
of the pulse variation {E^ = 2.5 eV) is due to the drift. By 
reducing the vibration and electrical noise of the ther-
mometer reading refrigerator, we have succeeded in im-
proving the temperature stability down to 10 ûK rms. 

As a result of the improvements, we finally achieved 
an energy resolution of A£'= 2.79±0.29 eV at 5.9 keV. 
Figure 4 (c) shows an energy spectrum of Mn-Ka X-rays. 
The parameters and the breakdown are summarized in 
Tables 1 and 2. Dominant contributions to the energy res-
olution are dramatically reduced, although both excess 
noise components still exist. Further improvement of the 
energy resolution will require upgrades to both the cryo-
stat and the SQUID readout electronics. 

CONCLUSION 

We have studied the impedance and excess noise char-
acteristics of a Ti/Au TES microcalorimeter. We found 
two types of excess noise: Johnson noise, which has an 
apparent correlation of M = {).2^/a and phonon noise, 
which originates mainly in thermal fluctuations of the sil-
icon substrate. Because of the baseline energy resolution 
of 2.4 eV and the existence of the residual p-type excess 
noise, there is still room for improvements. We will try 
to reduce the noise further and achieve better energy res-
olution in the near future. 

It was reported in [7] that the p-type excess noise of an-
other TES array was generated by small pulses which 
were probably induced by X-rays hitting the membrane. 
Therefore, we fabricated a 0.2 mm-thick silicon collima-
tor with a hole size of 120x 120 jirv?-, which fits the size 
of the Au absorber. It has been attached to the device as 
close as 0.1 mm above the absorber. Further, we have in-
stalled an additional acrylic collimator to keep the X-rays 
from the ^^Fe isotope out of the sillicon substrate outside 
of the silicon collimator. A schematic view of the colli-
mator setup is shown in Fig. 4 (b). 

A radiation shield of the detector stage was also rein-
forced in order to shut out radiation from 4 K or above. 
As mentioned in the previous section, we also introduced 
a high resolution 16-bit ADC for data acquisition. We 
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Mn-Kα1

Mn-Kα2

𝚫𝑬 = 𝟐. 𝟕𝟗 𝒆𝑽
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Ti/Au TES

ü We are planning to install a 64-pixel TES array into the dilution 
refrigerator at QUP (High Energy Accelerator Research Organization)

1K stage

10mK stage

4K stage 10mK stage

3D modelDR at QUP

MW IN
MW OUT
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64-pixel TESü Fabrication of a 64-pixel TES array was 
already done (Y. Yagi, et al, 2023)

ü The microwave SQUID multiplexer (MW-
Mux) can multiplex 40 TESs per chip(Y. 
Nakashima, et al., 2020)

6. Conclusion

Ø The next step is to increase the target mass (need to multi-pixel 
readout)   

ü Detection of the 14.4 keV line signal using TES calorimeter is a 
promising way to investigate the solar axion 

ü Key components of the experiment (iron absorber and MW-Mux) were 
already developed

ü We are developing a 64-pixel TES array for solar axion search at QUP


