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Solar Axion Search 2
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Transition Edge Sensor(TES) microcalorimeters 3
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* Measure particle energy as a temperature rise.

* \ery high energy resolution ~ 2.8 eV@5.9 keV(akamatsu+2009)

We are developing TES microcalorimeter using 57Fe as absorber.



Sensitivity 4
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 Efficiency depends on energy resolution, absorption efficiency,
observation time, °’Fe mass.

* Arraying 10k pixels gives unprecedented axion mass limitation.



Magnetic dependance of the TES resistance

X-ray TES microcalorimeter ©  ————————————
10 "
Absorber(Au) = e e
: S e ]
o
3
cC 10 ey
S .................
e e
(0}
()
m ......................................................
%)
LLI 1 : ISOOO0O0O000 IORIOIEn
- Jo i
o iehisaki+ 2008
. 145 150 155 160
Al wire Bath Temperature T¢ (MK)

— AEpyi & V T2Cla

 TES energy resolution degrade by magnetic field.

» But 57Fe, solar axion converter is ferromagnetic substance



Structure of the axion TES microcalorimeter 6
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 Axion TES was fabricated with new structure.

* Fe absorber connected to the TES with Au strap.

 We have succeeded to make TES detector with such structure at ISAS
supported by Waseda University.



Energy resolution and Au strap structure

1. Additional thermal structure may cause dependance of the
waveform on the incident position.

2. Energy resolution of TES depends on heat conductance.
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What kind of structure has the best energy resolution?



Electro-thermal simulation

« COMSOL Multiphysics : General physics simulator using finite
element method.
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Reproduction of the measured waveform 9
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* | have reproduced to measured
waveform.
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Au strap structure changes
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* | changed the width and thickness of the gold strap.

* As expected, the position dependence of the waveform and
degradation of the apparent energy resolution are observed.



Position dependent in simulation
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* Position dependent was
appeared in simulation.

* The energy resolution of summed
spectrum become worse.
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Result of changing Au strap width
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e Energy resolution is the best when gold strap
width is 50um.

e This time, | used good thermal conductivity of Fe
and Au.(Yagi+2023b, Miyagawa Master thesis)

» Differences in thermal conductivity are likely to
be apparent.
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Result of changing Au strap thickness
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* Previous simulation suggested 5um.
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e Energy resolution is best when thickness is 2um.

(width is current design)



Summary

* We have designed TES microcalorimeters for Solar axion search
with iron 57 isotopes.

* The degradation of the energy resolution due to this additional
thermal component is expected.

* We have simulated this degradation effect under the electro-
thermal circuit, and obtained optimized design parameters with
realistic physical properties.
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Future Outlook 15

* The in-house fabrication of this device is on-going.

We will measure the properties of this device at 100 mK, and
update the simulated parameters.

* Then we can optimize and update the design.

Right figure shows a sample of 64 pixel format array
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