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Solar axion at 14.4 keV
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Detection efficiency

57TFe + axion — S7Fe* — [ ~'Fe+y  (9%)

0.98% y ray detection efficiency : 14.8% in Namba
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In the Sun:
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puCalorimeters: detect heat dissipation

AE o 4 /kBTy

Absorber //

XRISM Resolve sensor
32 pixel array with

thermistor vz ¥ ion-implanted Si thermister
R x exp+/T,/T
Thermal
link AE~ 4.5 eV in space !

Heat sink = 100mK

Transition Edge Sensor (TES)

log R

Athena ~1500 array image
AE~ 4eV

ISAS in-house 224 pix array
(Hayashi+ 2024)
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A sample chip with 57Fe

64 sensors with several patterns,
yield is still < 0.5

@ Membrane structure (SiNx/SiOz2)
Wire (Al)

= TES
JI Absorber Thermal

(Fe) | A

o
o
=t

Si wafer

S
(Ti/Au = 30/80 nm)

Fe density is measured by
Rutherford backscattering spectrometry
as > 70%.
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A test run in early 2024

Cu collimator
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Calibration

e 271794
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of | 11 57Co Rl was set under a GV
of | 1 for calibration.

ol | 1 57Co—57Fe by e capture.

il e | It gives 14.4 keV photons
" 0 " which is the same energy as

Energy (keV)
the expected axion reaction.
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57Fe TES calorimeter worked.

57Co Rl was used as a calibration
source with the 14.4 keV .

14.4 keV and Fe fluorescence
lines are detected.

Without RI,
NO event 14.4 keV +/- 60
is detected
—95% UL Is 3.689 events
/4.725 days/0.97ug 57Fe

Ener'g—y'résdlufioﬁ by Gaussian
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BGD rate estimate
® Assume the background spectrum is flat

® Narrow band (14.4 keV +/- 6 O)

142272 counts)/(4.725 da
BGD rate = q ( f0'012)5 (; 8)63( 1903 IZ)V) = 2.228501%36 X 107° counts/s/pixel/keV (95% C.I.
pixel) x (13.863-14. e '

+6 0 energy range

® \Wide band use all 10 events (3-26 keV)

(1078322 counts)/(4.725 day)

BGD rate = 1 pixeD) X (3.000-26.000 keV) = 1.065f8'§2f1 X 107° counts/s/pixel/keV (95 % C.I.)
p1xe . - . c - S
® Axion rate =Signal-BGD T =waw _

I Axion rate

—k
o
i

..........................

0.725 event/day for 95% U/L.

-
20—

Full peak efficiency for 14.4 keVy &7 | +&  —iua |
is estimated as 0.69+0.02 * 0.9973 . | .| e et
by EGSS. % 2r 00 02 04 o6 BT 7o 1
R < 1.09 +0.25 c/day/kg(95 % U.L.)  * o oo e o

Major systematic error come from
the volume and density of the pixel.
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Comparison with past results

Namba (2007) obtained by 57Fe foil + Si PIN as
R < 2.33 x 10° ¢/day/kg(95 % U .L.)

Following the Moriyama (1995) formula,
he assumed QCD axion of KSVZ model

(heavy quark +PQ scaler) as
4
, 10° GeV '\ _,
R=3.1x10%/day/kg | — C

Vz fm, vz 1.3x107
= =1eV

m. =
“ o l+z f 1+z f,/GeV

m, x 1/f, x R" = m_ < 1.0+0.04 keV(95 % UL)

The result is shown by Yagi+ in ASC 2024.
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Overlaid on PDG figure of g,
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Improvement plan

a =30, n=4, Strap 1 um, Fe 57.2 um, Iron 100 pm square
AEi, 51 eV, AEno,r =214 eV, AEix 220 eV
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The number of pixels

* Longer exposure > 100 days (x 102)
* Huge absorber = NO ! large C v Resolution

=We need large format arrays. (x 102+1)

* Fabrication of TES array with 57Fe
* Readout large format array in refrigerator
* Reduce background (x 107)

* Anti-counter
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Fabrication of Ti/Au bilayer

"y

AE o [ksT2C

thickness of Ti/Au to set t

Thermal

link

We need to optimize
ne Tc and C

Vapor deposition for Ti/Au TES

SHVIVIDQFH PQ

procured by this 20H05857 in FT 2021.

Ti: electron beam heating \/
Au: resistive heating

7HPSHUDIXUH P .

in T vacuum chamber
installed in ISAS CR.
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Tc of bilayer TES

T. Critical temperature of the proximity-coupled bilayer
N d T.; Critical temperature of material i
2 d;  Thickness of material i
In -Té _ a ln(l + 1"‘—04) —u (Tc ) , (1) o = 2472 , B — 4 E@CTC 1 ]\]1 dl- N; Normal density of states at the Fermi energy in material
1. Il + « (©1/T)apB Nldl h e i
®; Debye temperature of material i
10 P —— — — —— Y — 3 Rp Interface resistance between materials 1 and 2
B @ e ™ T
N [ QA-‘lv’ "o
1E d Eq. (7) . .
WNCTICT, Previous works used eq.(9)
= 0.100; N 'Eq. (8) - We used an approximation by eq.(7)
I . and evaluated B and “interface Rg”
4, 0.010 :
e Kubo 2025 that may reflect the quality of fabrication.
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reasonable Ti/Ai thickness.
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A trial of Anti-counter

Pesorbe(Shicineslogasun) lkeda-san designed anti-counter utilizing TES referred
Athena anti-counter (ex. Andrea + 2024).

A large absorber of Si wafer (2.5-10 mm square) can
detect Cosmic Rays.

R=T Date 2025.01.30 14:22:24

. N2
. h3
. | s (M4
020 $ : . S
. s

Resistance ()

005 4

.
| .
000 L—0p - + +
0.08 0.10 012 014 a1 018 0.20
« " .
. )

Temperature (<)

B Transition at ~ 150mK was measured,
Irradiation test has not yet done.

Fabricated by ISAS CR
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"What ts dark matter? -

Multiplex 38 =66 pix simultaneously

TES

FWHM=3.09 eV
66 pixels

Kikuchi+ 2023

80 mm

(b)
48 40ch MW-MUX Chipx2 |

‘ ..,M <MW input

3 "  Flux Ramp
N < input

« 25-pin Nano
D-sub

e ,ﬁ’ """ _, Flux Ramp
5 o output

W

PCB (AD1000)

Nakashima ph.D. thesis, Nakashima+ 2020

Now 80 pixel read-out system in 1.2
GHz BW (4.7-5.9 GHz) is working.
160-pixel in 2.4 GHz BW is under
development.

=256 pix is achievable in 1 line with

4GHz BW
it gives ~10 mW heat load @ 4K

=~ 1000 pix is feasible within current

technology
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LD400 dilution in Fuji hall

In April 2024 We need to install many components.

Readout Ramp generator

Coax. Cable 1
300 K
50K

i I-'";[;"; '& 7 CuNi Coax
V=i L"i"\i s:..' ! ‘1/
<=one | Tk P '-';./?"' ik
MIRE 173?‘1:‘
i s ; HEMT L1
: A

NbTi Coax. 7

||‘-&|
1K
10 mK

—{ 1 HwssH ]
P

MWMUX & TES
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MWMUX and TES assembly

N
R
N . N
.
N S
A )
\
N\ /'

R AW ) (e

Cold stage and PCB board are designed and fabricated.
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MWMUXO04 in FY2024

Kikuchi, Hayakawa, lkeda +

In 2024, 3 MWMUX chips with 40 channel each utilizing 4.0-4.6GHz,
6- 8 GHz were fabricated and evaluated in AIST.

-

N

= F 7

L [ CteNoiL 6.0-67 GHz | 6.7-7.3 GHz

S < BN (Chip No.2) (Chip No.3)

= - |+ >
P

= 10 = |
- - Under analysis
8 —

'O : ______ Typical noise levelof TES

-

i -

5 s\ eyt

O @

© 1 C@JXO] (Nakashima @

= =

8— _ 1 1 N\ . Ax10°
w4000 5000 6000

Freq(Hz)

There are some fluctuations in coupling capacitance.
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Room temp. electronics box

MW-Mux Readout Circuit Box
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Lamp modulation

', Copied from AIST design.
= == Now waveforms from 40 pix
Lo ronvodecnivvux gre handled by 1 FPGA board.
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Cold stage design and assembly

— ) | -__.“ 8 , .
. - L . N | "“l,
. 0!

- : ||

OptlcaIJTES uses

lkeda and Sato designed the stage,

verourclilyl  and made in ISAS machine shop.
I o Cooling test was finished.
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HEMT, circulator etc.

LNF LNC4_8F .
S o«
§ " . ‘W\..'/. A
a5 '. W
A Y [—1omw
: J. - |—B6.1mW
: | 9.8mW
maowwoosoooeooomooaoooso&;o‘
Freq. (Hz)

Gain is consistent with the spec.

measured and consistent with the
design.
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A Picture at the end of FY 2024
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XRISM |

A2029 (XRISM+2025, 10.3847/2041-8213/ada’cd) Centaurus(XRlSM+2025 10.1038/s41586-024-08561-7 )
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Coming Events

- - - . N . .
’ v e . . ' . . -

AO2 proposal by May 15th “ Opening a New Era of the Dynamic Universe.

for Researchers

o .
: X-Ray Imaging and
l Spectroscopy Mission

o > For Propesen

For Proposers

Hews & AV e s

Ado.t XResM Current AO announcement

For Proposors
Aocaping G0 Cycle 7 IAC-2) srcposals,
forbeeven Due date: 230A98/14 By 1804 T &30 8T
2 abydy Rolcrencen
JEIEM Oyvoed GO annaucenent Dy KA Lpdie 2005211 XIS Ovold G0 JAKA LB IQX214 T NUAPANESE
Help desk.

Usef/ iris Proposers' Observatory Guide (POG)

International Conference 2025

— sponsored by the JSPS core-to-core program —

Wﬂimgﬂ_‘— Scientific Organizing Committee

Laura Brenneman (CfA, USA) Elisa Costantini (SRON, Netherlands) Teruaki Enoto (Kyoto Univ. & RIKEN, Japan) Matteo Guainazzi (ESA, Netherlands) Edmund Hodges-Kluck (NASA/GSFC, USA)
Richard L. Kelley (NASA/GSFC, USA) Kyoko Matsushita (TUS, Japan) Stéphane Paltani (Univ. of Geneva, Switzerland) Rob Petre (NASA/GSFC, USA) Aurora Simionescu (SRON, Netherlands)
Makoto Tashiro (Saitama Univ., Japan) Yukikatsu Terada (Saitama Univ. & JAXA/ISAS, Japan) Masahiro Tsujimoto (JAXA/ISAS, Japan) Brian J. Williams (NASA/GSFC, USA) Hiroya Yamaguchi [chair] (JAXA/ISAS, Japan)

Planning Observation

Local Organizing Committee

Teruaki Enoto [chair], Takeshi 6. Tsuru [co-chair], Hiroyuki Uchida, Yoshihiro Ueda, Atsushi Takada (Kyoto University), Hironori Matsumoto, Hirokazu Odaka, Taiki Kawamuro (The University of Osaka),
Takaaki Tanaka (Konan University), Masayoshi Nobukawa (Nara University of Education), Kumiko Nobukawa (Kindai University), Kazuhiro Nakazawa (Nagoya Univeristy), Hirofumi Noda (Tohoku University),
Megumi Shidatsu (Ehime University), Satoshi Yamada (RIKEN), Aya Bamba (The University of Tokyo), Manabu Ishida, and Shin Watanabe (JAXA/ISAS)

ToO Requests

Approved Target List

Early Release Data

-

https://www-cr.scphys.kyoto-u.ac.jp/
conference/xrism2025/index.html
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Summary

® Thanks to this Henkaku kakenhi “What is dark matter ¢”

We have investigated a new method to search Solar axions utilizing TESs
with 57Fe absorber.

A dedicated test chip was fabricated, tested, and proved to work as a
detector. m, < 1.0 +0.04 keV(95 % UL)

Nice TES is fabricated by a new evaporator and the Tc of the Ti/Au bilayer is
understood and controllable.

To improve the sensitivity, the optimization of TES array and multiplexed
readout is required. A ~160-channel readout MWMUX is installed in a
refrigerator now. (A backup system is also ready.)

XRISM with a calorimeter array “Resolve” was launched in 2023. It
achieved an energy resolution of 4.5 eV (FWHM) in orbit. New approach
to search for DM will come widely.
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