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• Solar axion search experiment 

• Test Run ! with a single pixel      by Y. Yagi 

• Way forward to enlarge the area 

• Sensitivity and design of arrays   by K. Tanaka 

• XRISM  

• XRISM has launched successfully and is working ! 
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Test run with 57Fe+TES μcalorimeter
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Details will be reported by Y. Yagi soon. 

JAXA115 Ax1 27 観測時間 (PC保存時間を差し引いてある) 20

Sunrise Sunset Day length
Oct 29 2023 06:01:02 AM 04:51:28 PM 10h 50m 26s
Oct 30 2023 06:01:59 AM 04:50:24 PM 10h 48m 25s
Oct 31 2023 06:02:55 AM 04:49:21 PM 10h 46m 26s
Nov 1 2023 06:03:52 AM 04:48:19 PM 10h 44m 27s
Nov 2 2023 06:04:50 AM 04:47:19 PM 10h 42m 29s
Nov 3 2023 06:05:47 AM 04:46:20 PM 10h 40m 33s
Nov 4 2023 06:06:45 AM 04:45:22 PM 10h 38m 37s
Nov 5 2023 06:07:43 AM 04:44:26 PM 10h 36m 43s
Nov 6 2023 06:08:42 AM 04:43:31 PM 10h 34m 49s
Nov 7 2023 06:09:40 AM 04:42:37 PM 10h 32m 57s
Nov 8 2023 06:10:39 AM 04:41:45 PM 10h 31m 6s
Nov 9 2023 06:11:38 AM 04:40:55 PM 10h 29m 17s
Nov 10 2023 06:12:37 AM 04:40:06 PM 10h 27m 29s
Nov 11 2023 06:13:37 AM 04:39:19 PM 10h 25m 42s
Nov 12 2023 06:14:36 AM 04:38:33 PM 10h 23m 57s
Nov 13 2023 06:15:35 AM 04:37:49 PM 10h 22m 14s
Nov 14 2023 06:16:35 AM 04:37:06 PM 10h 20m 31s
Nov 15 2023 06:17:34 AM 04:36:26 PM 10h 18m 52s
Nov 16 2023 06:18:34 AM 04:35:47 PM 10h 17m 13s
Nov 17 2023 06:19:33 AM 04:35:09 PM 10h 15m 36s
Nov 18 2023 06:20:32 AM 04:34:34 PM 10h 14m 2s
Nov 19 2023 06:21:32 AM 04:34:00 PM 10h 12m 28s
Nov 20 2023 06:22:31 AM 04:33:28 PM 10h 10m 57s
Nov 21 2023 06:23:29 AM 04:32:58 PM 10h 9m 29s
Nov 22 2023 06:24:28 AM 04:32:30 PM 10h 8m 2s
Nov 23 2023 06:25:26 AM 04:32:03 PM 10h 6m 37s
Nov 24 2023 06:26:24 AM 04:31:39 PM 10h 5m 15s
Nov 25 2023 06:27:22 AM 04:31:16 PM 10h 3m 54s
Nov 26 2023 06:28:19 AM 04:30:55 PM 10h 2m 36s
Nov 27 2023 06:29:16 AM 04:30:36 PM 10h 1m 20s
Nov 28 2023 06:30:12 AM 04:30:20 PM 10h 0m 8s
Nov 29 2023 06:31:08 AM 04:30:05 PM 9h 58m 57s
Nov 30 2023 06:32:04 AM 04:29:52 PM 9h 57m 48s
Dec 1 2023 06:32:58 AM 04:29:41 PM 9h 56m 43s
Dec 2 2023 06:33:52 AM 04:29:32 PM 9h 55m 40s
Dec 3 2023 06:34:45 AM 04:29:25 PM 9h 54m 40s
Dec 4 2023 06:35:38 AM 04:29:20 PM 9h 53m 42s
Dec 5 2023 06:36:29 AM 04:29:17 PM 9h 52m 48s
Dec 6 2023 06:37:20 AM 04:29:16 PM 9h 51m 56s
Dec 7 2023 06:38:10 AM 04:29:17 PM 9h 51m 7s
Dec 8 2023 06:38:59 AM 04:29:19 PM 9h 50m 20s
Dec 9 2023 06:39:46 AM 04:29:24 PM 9h 49m 38s
Dec 10 2023 06:40:33 AM 04:29:31 PM 9h 48m 58s
Dec 11 2023 06:41:19 AM 04:29:40 PM 9h 48m 21s
Dec 12 2023 06:42:03 AM 04:29:51 PM 9h 47m 48s
Dec 13 2023 06:42:47 AM 04:30:04 PM 9h 47m 17s

https://sunrise.maplogs.com/ja/
chuo_ward_sagamihara_kanagawa_prefecture_japan.78028.html 

神奈川県相模原市中央区由野台の 
日の出/日の入り時刻

Comment
run094
run095
run096 260,000データ取っているが、最後の500データくらいはFLLがoffになった状態のデータなので除いた。25,500データまでの観測時間を記載している。解析も25,500だけ。
run097

run098 933データ取っているが、最後のデータでFLL jumpし、手動でそのデータセットを保存したため、最終データセットの観測時間が分からない。そのため、33データは捨てる。900データまでの
観測時間を記載している。解析は933やっている。 

run099 1700までデータを取っているが、FLL jumpはNo.1697にあり、それ以降は飛んだ後に引っかかった謎のデータ。1600までを観測時間としたが、解析はすべて行った。 

run100
最後のデータセットは50データを手動で太田くんが取得したもので、ここにFLL jumpがあったはずで、12,460までデータはあるが、No.12410以降が0のデータになっている。No.12409は普通
のデータなので、何かが起こっている。FLL jumpして、低いベースに移動したことが考えられるが、No.12410以降にデータが残っている意味が分からない。測定開始時間が記録されていなかっ
たので、最初の100データは観測時間にいれず、No.100から12409までの時間を観測時間とした。No.12409までの解析を行った。 

run101 742までデータを取ってあるが、FLL jumpがNo. にある。そのため、観測時間は700までにし、解析はすべて行った。ベースラインの誤差が全て大きい。ダウンサンプルしていないから。
run102 最後のデータが20でFLL jumpしてベースが上へ上がって終わっている。FLL jumpのデータは無く、高エネルギーの入射によるjumpではないよう。全部で3720だが、3700までを観測時間とし
run103

* データ数とIDは異なるので注意。IDは0から始まる。

Chip ID Observation  
start

Observation  
finish

Causes for stopping 
measurements

Number of raw 
data

Total 
observation 

time

Total 
observation 
time (sec)

Count rate 
(min/100 

data)

Day earth 
observation 
time (sec)

Night earth 
observation 
time (sec)

run094 JAXA115 Ax1 27 8:14:00 PM Oct 31 2023 8:17:30 PM Nov 1 2023 Manually stopped 5,159 24h 3m 30s 86,610 28.0 38,667 47,943

run095 JAXA115 Ax1 27 8:35:00 PM Nov 1 2023 1:21:53 PM Nov 3 2023 Automatic FLL release 8,600 40h 46m 53s 146,813 28.5 64,715 82,098

run096 JAXA115 Ax1 27 5:15:00 PM Nov 3 2023 1:14:40 PM Nov 8 2023 Automatic FLL release 25,500 115h 59m 40s 417,580 27.3 178,027 239,553

run097 JAXA115 Ax1 27 4:35:00 PM Nov 9 2023 6:42:17 PM Nov 9 2023 PC auto restart 500 2h 7m 17s 7,637 25.5 7,555 82

run098 JAXA115 Ax1 27 2:00:00 PM Nov 10 2023 5:42:04 PM Nov 10 2023 FLL jumping 900 3h 42m 4s 13,324 24.7 9,606 3,718

run099 JAXA115 Ax1 27 7:53:00 PM Nov 10 2023 2:46:18 AM Nov 11 2023 FLL jumping 1,600 6h 53m 18s 24,798 25.8 0 24,798

run100 JAXA115 Ax1 27 2:42:16 AM Nov 12 2023 10:19:27 AM Nov 17 2023 FLL jumping 12,310 127h 37m 13s 459,433 62.2 88,001 113,584

run101 JAXA115 Ax1 27 4:03:00 PM Nov 20 2023 11:08:07 PM Nov 20 2023 FLL jumping 700 7h 5m 7s 25,507 60.7 0 11,463

run102 JAXA115 Ax1 27 7:57:00 PM Nov 21 2023 11:27:47 AM Nov 23 2023 FLL jumping? 3,700 39h 30m 47s 142,247 64.1 23,267 37,323

run103 JAXA115 Ax1 27 8:00:00 PM Nov 23 2023 10:38:12 AM Nov 24 2023 Manually stopped 2,600 14h 38m 12s 52,692 33.8 12,208 28,326

sec 1,376,641 422,045 588,888

day 61,569 15.93 4.885 6.816

57Fe absorber connected to a TES

If an axion is converted to photon, it make a pulse from the TES
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We want more mass !

• To increase the target mass, we need an array with 
many TES pixels.  

• Sensitivity calculation and trial to obtain the better 
design is shown by K. Tanaka.  

• From technical point of view,  

• Development of multiplex readout  

• A new refrigerator plan 
An Oxford dilution ProteoxS at QUP premise  
is considered.(φ~20cm, with coax cable)
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Multiplex  38 →66 pix simultaneously
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and an unprecedented noise level of
ffiffiffiffi
SI
p
¼ 9 pA=

ffiffiffiffiffiffi
Hz
p

. This suggests
the MW-Mux will be applicable for x-ray15,16 and optical17,18 TESs
with a large signal bandwidth.

The aim of the current work was to read out large-scale
TES arrays with srise " 10 ls using the 4GHz full bandwidth of a
commercial high-electron-mobility transistor (HEMT) amplifier
(LNF-LNC4_8C). The fundamental design of the MW-Mux followed
that of our previously developed MW-Mux based on a microstrip-
SQUID directly coupled to a resonator.19–22 We applied a 500 kHz
flux-ramp signal to modulate the resonator, in order to obtain enough
samples of the pulse of the TES x-ray microcalorimeter to avoid
degrading the energy resolution DE. A resonator bandwidth BW of
2MHz is compatible with 500 kHz FRM in which we apply the flux-
ramp signal with 2U0 amplitude. 240 resonances can be embedded in
4GHz by leaving a 16MHz space between the resonances. The BW
was designed by adjusting the lengths of seven fingers of the interdigi-
tal capacitor coupling the resonator to a coplanar wave guide (CPW)
feedline. We set a ratio of Dfr=BW " 1, where Dfr is the maximum
resonance frequency shift due to flux applied to a SQUID. The
SQUID loop inductance, Ls, and critical current, Ic, were, respectively,
set to 9.88 pH and 10lA; these yielded a hysteresis parameter
k # 2pLsIc=U0 ¼ 0:30. The designed value of mutual inductance Min

between the SQUID and input coil in series with a TES was 237 pH.
Two chips, each embedding 40 resonators and SQUIDs in 5$ 20mm2,
were designed to provide frequency ranges of 4.66–5.28GHz and
5.30–5.92GHz, respectively. Owing to the I/Q-mixer band of
4.5–9.0GHz, we avoided the 4.0–4.5GHz band for these two chips. In
future work, six chips designed in the same manner could cover the
4GHz full bandwidth of a HEMT by cascading the microwave feedlines.
The other four chips are currently in preparation.

We also investigated the effects of airbridges across the CPW feed-
line. Undesirable resonances may be caused by an odd propagation
mode, e.g., slotline mode, due to an electrical-potential imbalance
between the two lateral ground planes. These could distort the
MW-Mux resonances in cases where the chip size is not negligible com-
pared with the microwave wavelength (kmw) of several dozen millimeters
at 4–8GHz, e.g., 32–16mm, on the assumption that phase velocity
vp ¼ 0:43c, where c is the velocity of light. These unintended resonances
have never appeared clearly with our previous 5$ 5mm2 chips.21,22 By
contrast, the performance of the MW-Mux was adversely affected by
such undesirable resonances in our developed 5$ 20mm2 chip. To sup-
press these resonances, we implemented airbridges across the feedline at
every 475 lm space (kmw=34 at 8GHz) using an Al bonding wire.

Figure 1 shows the transmission power through the CPW feed-
line without (a) and with (b) airbridges in two different MW-Mux res-
onance-frequency bands measured at 4K with a Gifford–McMahon
refrigerator, and a micrograph (c) of a part of the CPW feedline. As
shown in Fig. 1(a), without airbridges, there was a parasitic resonance
within the frequencies of the MW-Mux resonances. On the other
hand, as shown in Fig. 1(b), the airbridges worked well, making jS21j
flat over the full 4–8GHz band of the HEMT amplifier, except for dips
intrinsic to the MW-Mux. This indicates that connections between
parallel ground planes, such as those provided by the airbridges we
implemented, are required to avoid parasitic resonance in a large chip
with size 5$ 20mm2.

In order to evaluate the performance of our MW-Mux, we used a
32$ 32 Ti/Au bilayer TES array detector developed by SRON.

Another TES array from the same wafer but with different pixel design
was characterized by SRON using an FDM readout and exhibited full-
width at half maximum (FWHM) DETES % 2:4–2.8 eV at 5.9 keV.23,24

Figure 2 shows a photograph of a completely assembled sample
holder (a) and a lid (b). The TES array was placed on the center of the
sample holder with the lid, on which an 55Fe x-ray source and a super-
conducting coil were mounted. The x-ray source decayed into 55Mn
by electron capture and radiated Mn Ka (5.9 keV) and Mn Kb

(6.5 keV) fluorescent lines. The coil provided a magnetic field that
could cancel out a residual field on the TES surface. In addition to the
TES array, the sample holder contained two 40-channel MW-Mux
chips covering the 4.66–5.93GHz band, two bias chips with shunt

FIG. 1. (a) Measured transmitted power jS21j2 of two chips without bonding-wire
airbridges across a CPW feedline at 4 K. Each chip had a different MW-Mux reso-
nance band of 4.64–5.26 GHz (top) and 5.27–5.89 GHz (bottom). (b) Transmitted
power jS21j2 of the chips with Al bonding-wire airbridges at 4 K. (c) Micrograph of
part of the CPW feedline.

FIG. 2. Low-temperature stage setup. (a) Photograph of a sample holder for simul-
taneously reading out 80 pixels provided by two MW-Mux chips cascaded by a sin-
gle set of coaxial cables. (b) Photograph of a lid covering the sample holder. An
55Fe x-ray source and a superconducting coil for canceling out the residual mag-
netic field on the surface of the TES array are mounted on the lid.

Applied Physics Letters ARTICLE scitation.org/journal/apl

Appl. Phys. Lett. 117, 122601 (2020); doi: 10.1063/5.0016333 117, 122601-2

Published under license by AIP Publishing
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2.5 Microwave SQUID Multiplexer (MWMUX)

Irwin & Lehnert 2004 [32] first proposed and demonstrated the microwave SQUID
multiplexer (MWMUX). The first demonstration used lumped element resonator
circuits and DC-SQUIDs to modulate the quality factor Q of the resonator. They
measured a flux noise of ∼ 0.5µΦ0/

√
Hz, where Φ0 is the flux quantum with the

value of 2.07 × 10−15 Wb, and demonstrated the multiplexed readout of two DC-
SQUIDs at frequencies ∼ 500MHz. Also, they proposed the use of lithographically
fabricated resonators in order to operate MWMUX at a much higher frequency.
Mates et al. 2008 [33] and Mates Ph.D. thesis [34] established the foundations of
the current device, which uses the change in inductance of a dissipationless radio
frequency (RF) SQUID to modulate the resonance frequencies, and demonstrated
multiple designs, noise as low as 0.17µΦ0/

√
Hz, and a naturally linear readout

scheme based on flux modulation, called flux-ramp modulation (FRM) [35].

RF-SQUID

Microwave 
Resonator

Feedline

TES

Ramp signal

TES signal

Figure 2.4: Circuit schematic of microwave SQUID multiplexer.

Figure 2.4 shows the circuit schematic of the microwave SQUID multiplexer.
MWMUX consists of a number of high quality-factor (Q) microwave resonators,
each employing a unique resonance frequency, terminated by an RF-SQUID. The
injected powers are modulated by the resonators, and the transmitted powers are
summed into the input of one cryogenic high electron mobility transistor (HEMT).
Each SQUID acts as a flux-variable inductor responding to the magnetic flux

Nakashima ph.D. thesis, Nakashima+ 2020

/32

Japan-Netherland Workshop at Epochal Tsukuba Japan on the 5th Dec. 

Summary and prospects

Development of the Microwave SQUID Multiplexing for various TESs 32

• The 70-ch readout system was working for X-ray TESs in 4.7-5.9 GHz (BW=1.2 GHz)
• ΔE=3.09 eV@5.89 keV in the combined spectrum

• Ready to expand the readout BW=2.4 GHz two times wider than now for 160 ch
• Two-stage amplifiers and combination of two 300-K electronics are working

• Next step is fabricating the new chips that cover 4.0-4.7 GHz and 5.9-7.3 GHz.

66 pixels
FWHM=3.09 eV

Co
un

ts

Energy (eV)

Band (GHz) 4.7 to 5.3 5.3 to 5.9

pixel 38/39 28/31
FWHM (eV) 2.94 3.26
NEP (eV) 3.05 3.27
TES (eV) 2.5
RO (eV) 1.26 1.52

ELSE (eV) 0.93 1.57

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  
Kikuchi+ 2023
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XRISM launched on Sep 7th !
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XRISM launched on Sep 7th !
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Status
• Resolve is in good condition at 50 mK 

with still closed GateValve. Trials are planned.  

• Energy resolution is < 5 eV, and He life is expected > 4 yrs 
due to a very low head load.  

• 2024-01-15 First Light release 

• 2024-02-08 PV start (Remove some “soft” targets, increase 
exposure to others.)  

7

XRISM 
X-Ray Imaging and Spectroscopy Mission 

Resolve 

Effective Area with GV closed in XRISM 
Slide from XRISM Status Report Meeting 2023-12-15 

Y.ISHISAKI, XRISM Team Meeting #6 (TM6) 6 2024-03-05 

Reply-To: "yamaguchi@astro.isas.jaxa.jp" <yamaguchi@astro.isas.jaxa.jp> 
Subject: [xrism-team:102] Instruction for feasibility reassessment 
Date: 2023-12-14 19:41:15 JST 
To: "xrism-team@ml.ac.jaxa.jp" <xrism-team@ml.ac.jaxa.jp> 
 
Dear XRISM Science Team (Leads of PV Target Teams),  
Attached please find the instructions for feasibility reassessment for the PV observations in the GV-close contingency case. 
  
20231214_XRISM_reassessment.pdf 

Resolve Dewar Gate-Valve (GV) is still closed 

Energy (keV)
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We are back.
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Data processing has started.
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https://www.darts.isas.jaxa.jp/astro/xrism/
Most of data is still limited within the team, you can see logs 
One spectrum from Perseus cluster is available as Early Release Data

ER 100ks C1 58 ks
M1 94 ks

O1 130 ks
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we measured a ratio of fluxes in Fe xxv Heα resonant and forbidden 
lines of 2.48 ± 0.16, which is lower than the expected value in opti-
cally thin plasma (for kT = 3.8 keV, the current APEC16 and SPEX17 
plasma models give ratios of 2.8 and 2.9–3.6) and suggests the pres-
ence of resonant scattering of photons18. On the basis of radiative 
transfer simulations19 of resonant scattering in these lines, such res-
onance-line suppression is in broad agreement with that expected for 
the measured low line widths, providing independent indication of 
the low level of turbulence. Uncertainties in the current atomic data, 
as well as more complex structure along the line of sight and across 
the region, complicate the interpretation of these results, which we 
defer to a future study.

A velocity map (Fig. 3b) was produced from the absolute energies 
of the lines in the Fe xxv Heα complex, using a subset of the data for 
which such a measurement was reliable, given the limited calibration 
(see Methods). We find a gradient in the line-of-sight velocities of about 
150 ± 70 km s−1, from southeast to northwest of the SXS field of view.  
The velocity to the southeast (towards the nucleus) is 48 ± 17  
(statistical) ± 50 (systematic) km s−1 redshifted relative to NGC 1275 
(redshift z = 0.01756) and consistent with results from Suzaku CCD 
(charge-coupled device) data20. Our statistical uncertainty on relative 
velocities is about 30 times better than that of Suzaku, although there 
is a systematic uncertainty on the absolute SXS velocities of about 
50 km s−1 (see Methods).

all 1-arcmin-resolution bins have broadening of less than 200 km s−1. 
With just a single observation we cannot comment on how this result 
translates to the wider cluster core.

The tightest previous constraint on the velocity dispersion of a cluster  
gas was from the XMM-Newton reflection grating spectrometer,  
giving11,12 an upper limit of 235 km s−1 on the X-ray coolest gas (that is, 
kT < 3 keV, where k is Boltzmann’s constant and T is the temperature) in 
the distant luminous cluster A1835. These measurements are available 
for only a few peaked clusters13; the angular size of Perseus and many 
other bright clusters is too large to derive meaningful velocity results 
from a slitless dispersive spectrometer such as the reflection grating 
spectrometer (the corresponding limit for Perseus13 is 625 km s−1). The 
Hitomi SXS achieves much higher accuracy on diffuse hot gas owing 
to it being non-dispersive.

We measure a slightly higher velocity broadening, 187 ± 13 km s−1, 
in the central region (Fig. 3a) that includes the bubbles and the 
nucleus. This region exhibits a strong power-law component from 
the AGN, which is several times brighter than the measurement14 
made in 2001 with XMM-Newton, consistent with the luminosity 
increase seen at other wavelengths. A fluorescent line from neutral 
Fe is present in the spectrum (Fig. 1), which can be emitted by the 
AGN or by the cold gas present in the cluster core15. The intracluster 
medium has a slightly lower average temperature (3.8 ± 0.1 keV) than 
the outer region (4.1 ± 0.1 keV). By fitting the lines with Gaussians, 
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Figure 1 | Full array spectrum of the core of 
the Perseus cluster obtained by the Hitomi 
observatory. The redshift of the Perseus cluster 
is z = 0.01756. The inset has a logarithmic scale, 
which allows the weaker lines to be better seen. 
The flux S is plotted against photon energy E.

Figure 2 | Spectra of Fe xxv Heα, Fe xxvi Lyα and Fe xxv Heβ from 
the outer region. a–c, Gaussians (red curves) were fitted to lines with 
energies (marked by short red lines) from laboratory measurements in 
the case of He-like Fe xxv (a, c) and from theory in the case of Fe xxvi 
Lyα (b; see Extended Data Table 1 for details) with the same velocity 
dispersion (σv = 164 km s−1), except for the Fe xxv Heα resonant line, 

which was allowed to have its own width. Instrumental broadening with 
(blue line) and without (black line) thermal broadening are indicated in 
a. The redshift (z = 0.01756) is the cluster value to which the data were 
self-calibrated using the Fe xxv Heα lines. The strongest resonance (‘w’), 
intercombination (‘x’, ‘y’) and forbidden (‘z’) lines are indicated. The error 
bars are 1 s.d.
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Plot of  ERD (Early release data) overlaid on Hitomi Nature paper 
https://xrism.isas.jaxa.jp/research/proposer/erd/index.html
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Perseus cluster by Resolve ER

We will search DM signals with Resolve, as planned.
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Xtend covers  38x38 arcminutes
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Coming Schedule 
• Deadline of GO1 proposal : Apr 4th 

  10-300 ksec/exposure, >600 ksec /proposal 
https://xrism.isas.jaxa.jp/research/proposer/index.html 
https://xrism.isas.jaxa.jp/research/proposer/announcement/XRISM_GO1.pdf 

• GO1 will start around August
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If you have an idea to search for DM or something new,  
please let us know and collaborate !

https://xrism.isas.jaxa.jp/research/proposer/index.html
https://xrism.isas.jaxa.jp/research/proposer/announcement/XRISM_GO1.pdf

