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What is the axion? 2

4+ A hypothetical elementary particle proposed to solve the strong CP problem (R.D. Peccel and
H.R. Quinn 1977)

4 One of cold dark-matter candidates in the universe

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

4+ Magnetic dipole transition in a nucleus (7LI, 57Fe, 83Kr, 169Tm, etc.) can emit axions

Primakoff conversion

Photon A ~ AXion

Magnetic
field

—

Inverse Primakoff conversion Nucleon
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Expected solar axion spectrum 3

laxion-photon coupling Expected hadronic solar axion spectrum
Inter_nafl_ " -—.*;10 ] Moriyama 1995, Phys. Rev. Lett.
magnetic fie : :
9 Continuum spectrum g 1.
KT ~ 1.3 keV (T -13keV 5107 Line
ANNNNSAFFmm e e e oo : -
Photon Axion S | tontinuum 14.4 keV
VYVVYY 810“? KT ~ 1.3 keV FWHM ~ 5 eV
. :
g :
Blackbody [ """ Earth =1010|
Excitation :
3 Line spectrum — 8
W -------- ; -4 ._4Tk_e_\/ ------- . W * Breaking scale f, = 10° GeV
Photon AXIon Photon AT S SN P
Deexcivtation + 0 5 10. 15 20
57Fe of an absorber axion energy (keV)

S/Fe In the solar core

Focus on the intrinsic energy of 14.4-keV nuclear transition, .
| whichis independent of the axion mass
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Advantages of solar axion search using 57Fe nuclei 4

» Reactions In the stellar core are independent of whether axions

constitute the primary component of dark matter. —xpected hadronic solar axion spectrum
. . . o . . <10 . ] Moriyama 1995, Phys. Rev. Lett.
» Axions, with no theoretical mass limits, require exploration across a = :
wide mass range. However, detection methods based on nuclear 2 >l<
Interactions allow for focus on the intrinsic energy levels of atomic ‘T‘E 10 lzg L Ine
nuclei, irrespective of axion mass. 5 - Continuum 14.4 keV
810“.— kT ~ 1.3 keV FWHM ~ 5 eV
» Line spectrum detection offers the advantage of conducting b :
experiments on a relatively smaller scale compared to large-scale = :
experiments requiring massive electromagnet for continuous spectrum %1100
detection.
» Abundance of °/Fe nuclei in the sun, in contrast to other atoms with 10 9;
magnetic dipole transitions (‘Li, 83Kr, 169Tm, etc.), results in a ' Breaking scale f, = 10 GeV
significantly larger flux. I W SR I
0 5 10 15 20

> [ron-57 exhibits axion-nucleon coupling in both solar radiation and axion energy (keV)

terrestrial absorption, eliminating uncertainties associated with axion-
photon coupling.
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Previous studies using semiconductor Si detectors5

Solar axion mass constraints using axion-nucleon coupling with iron-57

Nucleon Size Mass Time Constraint
Namba 2007 57 : < 0
Si PIN photodiode Fe foil 35 um x 28 mm x 28 mm 197 mg 13.92day ma =216 eV (95% C.L.)
Derbin+ 2011 - _ 0
Si(Li) detector 57Fe 70 mm diameter, 30 mg/cm2 1.14 g 448day ma = 145eV (95% C.L.)
ISAl project 57Ee foil 40 um x 32 mm x 32 mm  ~ 200-300 mg — Tsuru-san’s talk

SOl detector

4+ Iron-57 branching ratio of 14.4-keV y-rays — 10.5%
That of conversion electrons and lower energy X-rays — 89.5%

4+ Detection efficiency of photodiode for 14.4 keV y-ray — 14.8%

é . )
y-ray SI PIN (cf. Derbin+ 2011 Si(Li) detector — 8.91%)
11% | photodiode

= (cf. Onuki+ 2023 SOI detector, ISAl — 14.9%)
~ NN detector
o l-(e-\f--» ) ’ 4+ Total detection efficiency after deexcitation 1.6%
- e g Conversion y | ey e T R
AXion L5 Qlectron (cf. Derbin+ 2011 Si(Li) detector — 0.94%)
| Y 65% (cf. Onuki+ 2023 SOI detector, ISAl — 1.6%)
>'Fefoil | \ver energy
197 mg Ka X-ray Detection efficiency Is low
2% because only gamma rays can be detected
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TES microcalorimeter for X-ray observation 6

Superconducting Transition Edge Sensor (TES) microcalorimeter
Sub-mm size “thermal detector with transition edge”

|For X-ray observation

Single pixel

Particle  Detection principle TES Al wiring

Our group (1-pixel), Akamatsu+ 2009

Detect individual Transition edge
particles one by one $ Normal AE =2.79%+0.29 eV@5.9 keV
- gk
o Our group (1-pixel), Muramatsu+ 2020
o| Slope O Heat
GOSQIREI iHeat & AE = 15.6772% eV@13.9 keV
TES X | Super —2.66
4—|—> _ Muramatsu+ 2016,
| j _ ~100 um Temperature ~ 100 mK 3. Low Temp. Phys.
Thermal link —— Au absorber Membrane
‘ 64-pixel array Our group (64-pixel), Muramatsu+ 2016

Heat bath (~ 100 mK) AE =7.84%£0.57 eV@5.9 keV

World record (208-pixel), Smith+ 2021
AE=197x0.01 eV@5.9 keV

— Use °’Fe absorber
iInstead of X-ray absorber
for solar axion

C: Heat capacity
T: Temperature Muramatsu+ 2016,
a a: Slope (=InR/InT) J. Low Temp. Phys.
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Advantages of using TES microcalorimeter?

Semiconducting Si detector Superconducting TES microcalorimeter

AE ~ 2 eV (theoretically)
Low noise at cryogenic temperature

AE ~ 500 eV

Total detection efficiency ~ 70%

Capable of self-absorbing gamma rays, conversion electrons,
and low-energy X-rays In iron absorbers

Total detection efficiency ~ 1%
Detects only gamma rays

1-pixel absorber
100-um square x tens of um = a few ug of °>/Fe
— Arrayed to Increase mass

Large mass of converted material
due to the use of >/Fe foll

Just build low background environment Need anti-coincidence detector
that can operate at room temperature that can operate at cryogenic temperature

14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and lron-57 Absorber,  Yuta Yagi, = The Univ. of Tokyo, ISAS/JAXA



Observation sensitivity of TES array

8

30 upper limit of total detection rate per unit mass of Observation sensitivity of TES array
iron-57 in the lab. (events/day/kg) All background limits
> b.ixel: BDG rate (counts/s/pixel/kev) 7707 ﬁg : 2(5) ex, 88 gays
Ob .. NtnAE + (9/2)% + 9/2 N: the number of pixels f— _— 19 €V, ays
R - \/ plxel 7] ( ) f exposure time (S) g) x:’\.' T - e ﬁg * ] 5 eV, 200 dayS
— | 1 fudge factor S 107 S, :10eV,200days
tM57FeaP1X61NaTES AFE: energy resolution (eV) _g R Semiconductor 300 >j<>
Ms; e.pixel: IFON-57 mass per pixel (g/pixel) < | ~
aTEI;: I():letiection efficiency @ Namba 2007_ Cj)
E o NSt T 200
o o q>) 10° Semiconductor 933
(i) if 95, NtAE < (9/2)* (Photon limit) (Y S —— el D Derbin+ 20111150 7
9 : .t. _
R= E . 3
tM57Fe,pixelNaTES = 102 @ R -100,.\
o | < v lag @
T S - e~ S R
Q O <t .
- & 2 60
i) i . 2 M O o O Y I O
(i) 1 9b;,  NtnAE > (9/2)= (Background limit) 09) 10101 702 703 703 705 1708
b AR The number of pixels
\/ pixel// 1 brixerl . Yagi+ 2023, J. Low Temp. Phys.
pixel Breaking scale f, = 10° GeV J ’ D Py

R_

— X
4
M57Fe,pixelaTES\ /tN a1/4M§7/F€,piXelaTES tN Absorber = 100 ym X 100 ym X 10 um

BGD rate = 1.0 x 1072 counts/s/cm?/keV (with anti-coincidence detector)

= 1.0 X 107° counts/s/pixel/keV

14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and lron-57 Absorber,  Yuta Yagi, = The Univ. of Tokyo, ISAS/JAXA



Degradation of TES performance due to magnetic field 9

The spectroscopic performance of TES could degrade
under a magnetic field made by ferromagnetic iron absorber

TES-Fe distance: 60 um
Fe thickness: 10 um

Magnetic field
M th flEId 0.08 - : } NO Fe inViCinity “...0‘000.009000000 LT
TES TES : o M
0-071 "« Fe with 60pm gap SR ¥
~ ... o' o LL
G 0.06 - G % e
o More gentle *QQ ' 3
No change Make the sensitivity worse O o= slo?oe o § i §
© o I
*' ‘» FAN e T e e .I(T) Dty o. : ©
Skernal.id D 2+ *Energy resolutioh
8:) 0.03 - i e 4
When the distance between TES and 5-um thick Fe exceeds 30 pm, 0.02 1 :  AFE 1
the vertical magnetic field is less than 1 uT. 0.01 - A Op€
0.00 - .“.”.: . T T T T T

220 240 260 280 300 320 340 360
Temperature (mK)
Konno+ 2020, J. Low Temp. Phys.

“Development status of TES micro-calorimeters with 57Fe for solar axion search” Yuta Yagi, The Univ. of Tokyo, ISAS/JAXA



Structure to reduce the influence of iron magnetism10

Placing Fe absorber at a distance laterally from TES
and thermally linking them with a highly conductive strap

Blackbody radiation

KT ~ 1.3 keV
—~1013 _
*.*> Moriyama 1995
O
- 15— 57 <)
qu 10 12? Continuum Line 4o !’.A“! 14.4-keV first level
o - (KT ~ 1.3 keV) 14 .4 keV .‘ov)‘ Magnetic dipole transition
Q1 ,
Q10 F
=
o
o= 10 10
107}
Ol - ISJLUIOI - 115. - 120
axion energy (keV)
10—-50 um
14.4-keV thermal transmit _ _
— 1-2 um Need to fabricate a test device

— V_ TUAUTES and confirm the performance

“Development status of TES micro-calorimeters with 57Fe for solar axion search” Yuta Yagi, The Univ. of Tokyo, ISAS/JAXA



Challenges in fabricating TES for axion 11

Issues/Challenges Solutions/Improvements

Opting for electroplating, a targeted chemical reaction method,
iInstead of widespread techniques like evaporation or sputtering for
cost-effective coating of specific areas.

Iron-57 used as absorber is expensive (~ 1M yen/gram),
necessitating an efficient deposition method.

Processing pure iron is uncommon, leading to an undeveloped As part of the development, collaboration with Waseda University,
deposition process. The coated area is small (100 um square), specializing in electroplating, for the deposition of the iron
making thickness control challenging. absorber.

Due to the increased thermal conduction distance from absorber, It Successfully achieved Fe and Au electroplating with thermal
IS necessary to deposit films of materials with high thermal conductivities, = | W/ m/K@4 K for Fe
conductivity, such as Fe absorber and Au strap. and > 3.5 W/ m/K@200 mK for Au

Thermal conductivity of gold

g 7 ! f 'B'la'.c'k'p'a'lr;t'ls' IA':J_;_SIeIeIdI P rrfprrrrrtr '.!' '-

' S | | ]

- Iron solution Thin °°Fe absorber S 6| Yagi+2024, £ i
Iron (lIl) oxide powders = | mpen. BT ES
: Sgf o+ ]

566 1.5 um thick @4

Used to set < | A - NS

conditions because S 3} | §

of its low cost. 2 | | | | | ]

—2F @ | 055mAlcm’]

o "I || emo0s3mAcm?:

e

e bbb b T '

05 1.0 1.5 20 2.5 3.0 3.5
Au or Au+Seed thickness (jum)
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Self-fabricated TES Devices 12

@ Membrane structure (SINx/SIO2)
ere (AI)
.

 Thermal
Absorber straSJ

(Fe) (AU

0. Oum

0. Opm 100. 0 200. 0 282. 6

Si wafer _ _
Yagi+ 2023, J. Low Temp. Phys. DeVI CES d €Sl g N ed

with 64 pixels

After Fe deposition process,
Issues such as peeling and
detachment of Fe occur,
especially during vacuum
cryogenic tests. Currently, less
than half of the Fe remains intact.

64-pixel array

Use the single-pixel for

the first test observation
Yagi+ 2023, IEEE Trans. Appl. Yagi+ 2024, in prep.

14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and Iron-57 Absorber,  Yuta Yagl,  The Univ. ot Tokyo, ISAS/JAXA



Axion observation setup utilizing dilution refrigerator 13
Dilution refriget syste

m

‘ _ .
- .-,.,_: Sl i5” s

TES stage
(~ T00 mK)
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Setup of TES stage with Cu collimator 14

L-shaped TES stage

g,

» Conducted tests with single-pixel TES with iron-57 absorber without anti-coincidence
detector

» To prevent incoming 14.4 keV radiation other than the absorber, a copper collimator was
employed.

Schematic diagram

Underside of stage
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Switching mechanism between calibration and observation15

Gate valve (shutter)

OPEN: energy calibration phase
CLOSE: axion search phase

'''''''''''''''

'~

iiiii

OO0 S

Spectrum of X-rays and gamma rays from 2/Co isotope
Photons per 100 disintegrations

8ol uil ]

| > >

| X 2l

60 N oA

o | O i

€ | s

8 40 F > %_

| S T Q.

I -2 )

» 57Co decays to 57Fe, emitting 14.4 keV 201 - < =

gamma rays, providing an energy | i |

calibration source matching axion energy. T T N T,

Energy (keV)
14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and lron-57 Absorber,  Yuta Yagi, = The Univ. of Tokyo, ISAS/JAXA



Measurement log (Jan. to Feb. 2024) 16

Gate valve

OPEN phase

(°’Co enerqgy

calibration)

Total ~ 10 days

Gate valve

CLOSE phase

(Axion search)

Total ~ 4.5 days

(Day earth)

14.4-keV Solar Axion Search:

Chip ID Observation Obs_er_vation %? Causes for stopping Tot_al _ obs-er:?\tlfziiltion
start finish AC measurements observation time time (sec)
runll4 JAXA115 Ax1 2 5:51:00 PM Jan 16 2024 3:41:37 PM Jan 17 2024 AC PC auto restart 9h 50m 37s 35,437
runllé JAXA115 Ax1 2 4:13:00 PM Jan 28 2024 1:04:55 AM Jan 29 2024 DC FLL jumping 8h 51m 55s 31,915
runli8 JAXA115 Ax1 2 5:21:00 PM Jan 30 2024 9:24:41 AM Jan 31 2024 AC Manually stopped 16h 3m 41s 57,821
runl120 JAXA115 Ax1 2 5:27:00 PM Jan 31 2024 8:56:56 AM Feb 1 2024 AC Manually stopped 15h 29m 56s 55,796
runl22 JAXA115 Ax1 2 5:39:00 PM Feb 1 2024 8:48:04 AM Feb 2 2024 AC Manually stopped 15h 9m 4s 54,544
runl24 JAXA115 Ax1 2 5:54:00 PM Feb 2 2024 9:00:55 AM Feb 3 2024 AC Manually stopped 15h 6m 55s 54,415
runl26 JAXA115 Ax1 2 5:18:00 PM Feb 3 2024 8:59:17 AM Feb 4 2024 AC Manually stopped 15h 41m 17s 56,477
runl28 JAXA115 Ax1 2 5:17:00 PM Feb 4 2024 8:57:54 AM Feb 5 2024 AC Manually stopped 15h 40m 54s 56,454
runl130 JAXA115 Ax1 2 5:23:00 PM Feb 5 2024 8:36:35 AM Feb 6 2024 AC Manually stopped 15h 13m 35s 54,815
runl33 JAXA115 Ax1 2 5:20:00 PM Feb 7 2024 9:57:15 AM Feb 8 2024 AC Manually stopped 16h 37m 15s 59,835
runl35 JAXA115 Ax1 2 7:15:00 PM Feb 8 2024 10:23:10 AM Feb 9 2024 AC Manually stopped 15h 8m 10s 54,490
runl37 JAXA115 Ax1 2 6:04:00 PM Feb 9 2024 3:26:30 PM Feb 11 2024 AC Manually stopped 45h 22m 30s 163,350
run140 | JAXALL5AX1 2 6:14:04 PM Feb 23 2024 4:32:29 AM Feb 26 2024 pC | Accidental lemperature | - sgp, 18m 255 209,905
chip o % | casestorsoppng | o | T | daveart | Moot
start finish AC measurements observation time time (sec) time (sec) time (sec)

runlis JAXA115 Ax1 2 1:00:00 PM Jan 28 2024 4:05:00 PM Jan 28 2024 DC FLL jumping 3h 5m Os 11,100 3,122 7,978
runll?7 JAXA115 Ax1 2 9:50:00 AM Jan 30 2024 1:33:55 PM Jan 30 2024 DC FLL jumping 3h 43m 55s 13,435 13,435 0

4:21:00 PM Jan 30 2024 5:14:00 PM Jan 30 2024 DC Manually stopped Oh 53m 55s 3,180 2,766 414
runll9 JAXAL15 Ax1 2 - - AC -
runl2l JAXA115 Ax1 2 9:10:00 AM Feb 1 2024 5:32:00 PM Feb 1 2024 AC Manually stopped 8h 22m Os 30,120 28,751 1,369
runl23 JAXA115 Ax1 2 8:55:00 AM Feb 2 2024 5:47:00 PM Feb 2 2024 AC Manually stopped 8h 52m Os 31,920 29,713 2,207
runl25 JAXA115 Ax1 2 9:04:00 AM Feb 3 2024 5:13:00 PM Feb 3 2024 AC Manually stopped 8h 9m Os 29,340 29,235 105
runl27 JAXA115 Ax1 2 9:03:00 AM Feb 4 2024 5:13:00 PM Feb 4 2024 AC Manually stopped 8h 10m Os 29,400 29,357 43
runl29 JAXA115 Ax1 2 9:01:00 AM Feb 5 2024 5:19:00 PM Feb 5 2024 AC Manually stopped 8h 9m Os 29,880 29,539 341
runl3l JAXA115 Ax1 2 8:40:00 AM Feb 6 2024 5:17:00 PM Feb 6 2024 AC Manually stopped 8h 37m Os 31,020 30,861 159
runl32 JAXA115 Ax1 2 10:50:00 AM Feb 7 2024 5:16:00 PM Feb 7 2024 AC Manually stopped 6h 26m Os 23,160 23,123 37
runl34 JAXA115 Ax1 2 10:00:00 AM Feb 8 2024 5:18:00 PM Feb 8 2024 AC Manually stopped 7h 18m Os 26,280 26,184 96
runl36 JAXA115 Ax1 2 10:26:00 AM Feb 9 2024 6:00:00 PM Feb 9 2024 AC Manually stopped 7h 34m Os 27,240 24,685 2,555
runl38 JAXA115 Ax1 2 3:33:00 PM Feb 11 2024 2:15:15 PM Feb 14 2024 AC Manually stopped 70h 42m 15s 254,535 112,075 142,460
runl39 JAXA115 Ax1 2 11:07:00 AM Feb 16 2024 5:32:00 PM Feb 16 2024 AC Manually stopped 6h 25m Os 23,100 22,647 453
Preliminary Results with a TES Microcalorimeter and Iron-57 Absorber,  Yuta Yagi, @ The Univ. of Tokyo, ISAS/JAXA




58 hours energy calibration with single-pixel TES 17

» Reporting select data with a more advanced understanding of events.

» Conducted about 58 hours of energy calibration measurement (run140)

= | [Pulse _ 'Energy calibration measurement (~ 58 h)]
helght
i PHWPAQQHVGFUHQ pulse height to energy Gaussian fit of major peaks data
o2 s ERC A 8| 9 10 - Elnerlgy§pe<|:trulm I - Energy resolutlon by Gau35|an -
60_.1,.101data.....60_??:!n!!:_._ | | | | | | -64kev
(Noisedata || |1 [ | [ [ ) | | 11 €0 1T T || . 71 keV
S | removed) | zf s L Hknxanaannnnans
g * 90 4.5 5.0 5.5 6'0 6.5 7.0 .7i5.80 540_' | | * AE (FWHM)
- 1 - i . . l
3 | | | {11 2 | : A 11179.3+/-20eV
O ‘ _ O 20_ ! L 060 ..... 6;5 ..... 70 SRR v 2 SE. 132 5 +/- O 7 ev
NIRRT | . i IBRBBRIRRRn ' '
| B (W M 15 6 ﬁ ﬁ ﬁ RN REE NI
O IIIIIIIII.IL.I_r.IIlllllllllllllllll O - lllllllluml
0 2 4 6 8 10 12 14 16 18 20 22 24 6 7 8 9 10 11 12 13 14 15
Energy (keV) Energy (keV)
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18

Unexpected event

Conventlonally follows a Ilnear relatlonshlp T
_ | | | | | | | ;O.BO- ]
RERRERRRRN RRRRARREE go26r | — T T
0.06F | §0_24_ e . 553 PH=0.101 V. PA=0.0009 V -
: EERRRNRREN ERRNENRRENRAN 0.22F——— | T T R
ooshb .y 2 3 4 5 6 78910
&~ ] | | | P | | ! ! [ e
= i | | | : 4 —~ 0.30F | | . | R ISR E— S —
~ t The'lower'energy side | | | 1 Z : v | | [ — — .
© 0.041" has been observed to | ENNNNRES! o 028 —— | e e e e
~ exhibit numerous events. | RN 30-26‘ — | | e e T
3 0.03 EEBEERREEY — g 024 . 471, PH=0.101 V, PA=0.0060 V
S B 022 | i i e i B
o N RS i e
0.02 X 3 4 5 678910
T Time (msec)
0.01 » Waveforms were observed where the pulse height remained the
/4 same, but the pulse area slightly differed.
0.00 \

» The slight waveform differences may potentially indicate

0.0 0.1 02 03 04 05 06 07 08 distinctions between absorber events and strap events.

Pulse height (V)
Pulse height (V) = Baseline — Peak > |t Is essential to understand the events thoroughly and impose

f OlOms (Baseline — V(1)di constraints on the axion observation data accordingly.
Pulse area (V) = ——

[1oms g, We're still in the process of understanding the events.

Oms

14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and lron-57 Absorber,  Yuta Yagi, = The Univ. of Tokyo, ISAS/JAXA




4.5 hours solar axion search with single-pixel TES 19

-
-

[
rna

Voltage (V)

-
o

» Reporting select data with a more advanced understanding of events.
» Conducted about 4.5 hours of axion observation (runll?)
» Seven events were measured.
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Events No. O Is associated
with the TES substrate event.

14.4-keV Solar Axion Search: Preliminary Results with a TES Microcalorimeter and Iron-57 Absorber,

Events No. 1 to No. 6 are attributed to electrical shot noise.

Given the short observation time for the data used here,
background events such as cosmic ray events were not observed.

— With improved waveform understanding in calibration phase, additional data can be

Incorporated, allowing for background rate calculations and axion mass constraints.

Yuta Yag|,

The Univ. of Tokyo, ISAS/JAXA



Future constraint on the axion mass 20

Using the obtained excitation rate from observations to place constraints on the axion mass.

10° GeV

(
R = 3.1 x 10°/day/kg

\f fom,

a

vz 1.3 %107

m =1eV

U

1 +z f,/GeV

7T
) C* Moriyama 1995, revised

~

The plan Is to impose a mass limit of a few
keV or less based on short observations

e.g. Namba 2007, Phys. lett.

B

5 X N v Y

10 125 15 175

— + 57Fe data
> 41 (57Fe: 95.85%)
'é 1 Background data
Q ' S8 %
= R
>
32| ‘I“‘I;ﬁq_x H“P % 'IZ{:I’ h__} daity H‘ +Jr+++
L 1! Slgnal T
% | <region>
O i

vvvvvvv

20 225 25

Energy [keV]

(m. = 139 MeV, f. = 93 MeV) (a few hours) with single-pixel TES.
_

1.5 e
= | 95% CL upper limit | [~ B ™
% H (7.93x1075¢cps) R < Ny _ 7.12 day™"
$ 05 1L o J[ I | Ms7-yg-€ 197 mg-0.105-0.148
553 01 .I. 1H+ } -{- I‘1L' ll[#ﬁ;k =2.33 x 10° day kg ..
g 05 1 i Jf a I f |
Signal | m, <216 eV (95%C.L.)
L | region \_ y

"0 125 15 175 20 225 25

Energy [keV]
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Summary 21

% TES microcalorimeter is promising for the most stringent bound for observations with 57Fe.

% Conducted the first solar axion observation using a TES with a 57Fe absorber.

% Unexpected events were observed, and investigations are currently underway to
understand them.

% Once event classification is established, preliminary constraints on the axion mass can be
applied, paving the way for future high-sensitivity observations with an array.
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