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ISAI (Investigating Solar Axion by Iron-57)
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Previous and on-going works
 Moriyama (1995). PRL 75, 3222

e Namba (2007), Phys.Lett.B, 645, 398
e Derbin (2011), Phys.At.Nucl.74, 596
e D04 group of DMZEATZ E 181 etc.

 Monochromatic axions emitted from
the sun by M1 transition of the excited
Fe-57 through a-N coupling

e Detect 14.4 keV X-rays from the
reverse reaction in Fe-57 targets
placed in a laboratory.

a + 5Fe — 57Fe* — 57Fe + y (14.4keV)

e Dependent only on a-N coupling

 No ambiguity due to mixing of a-e or
a-y coupling

From the point of view of experimentation,
Detection of X-ray emission lines

in a low BGD environment




e Table top experiment running in a temperature chamber placed in our laboratory at Kyoto U.
e New and unique sensors, SOI pixel sensors (SOIPIXs), detect 14.4 keV X-rays from Fe-57.
e Surrounded by passive shield of O-free-Cu & low BGD Pb, and VETO counter of plastic scintillators.

e The camera and its shields are installed in a temperature chamber and cooled down to reduce the
readout noise of SOIPIXs and improve its energy resolution.
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the ISAI team E

Multi-Disciplinary Team

(only 3 DM experts)

HEP: Onuki Nuclear Medical: Uenomachi, Shioazoe

CR: Fuijii, Taketa, Namba, Astro.: Tsuru, Matsuda, Anazawa, Enoto
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,,\ “XRPIX” Event-driven X-ray SOI pixel sensor

Sensor
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Each pixel has its own trigger logic and

analogue readout CMQOS circuit.

XRPIX7 assembled on
a low BG rigid-flex board

e format 608 x 384

e pixel size 36pum x 36pym

e sensor size 13.8mm x 21.9mm

* trigger time resolution better than 10us

e We have been developing X-ray SOI pixel sensors, “XRPIXs”.

SOl pixel sensor is monolithic using bonded wafer of high resistivity depleted Si layers for

X-ray detection, SiO2 insulator, and low resistivity Si for CMOS circuits.

e In XRPIX, each pixel has its own trigger logic circuit and analog readout CMOS circuit.

e The trigger function realizes low detector BGD by anti-coincidence with surrounding scintillators.

e Thick depletion layer ~300um is thick enough to detect 14.4 keV X-rays.

XRPIX is an ideal Si sensor for the ISAl experiment



High Time Resolution 10usec : Pixel Circuit

XRPIX = CCD/CMOS + Trigger Signal Output Function
e Originally, XRPIX has been developed for future X-ray Astronomy Satellites.

e in order to improve time resolution for anti pile up and for reduction of
detector BGD by anti-coincidence.

Frame Readout / Rolling Shutter Trigger output event driven readout
(Usual CCD / CMOS) (X-ray SOIPIX)

Read all pixels regardless X-ray incident Read only X-ray incident pixels
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¢ Output

J' e Trigger Signal

I e Postion
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- time Resolution ~ 1sec - time resolution better than 10usec

~1075 higher At than Chandra and XRISM X-ray CCDs, and

~1072 higher At than DEPFETs of Athena, etc.



Low BGD Readout Board 7

The sensor itself must be very low BGD in ISAL.

JFeKo/p detector head developed for application of nuclear medical use
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e Radioactivity of the detector head is dominated
2 5 by G10 PCB (Onuki+19, NIMA, 924, 448)

* Change G10 PCB to rigid FPC
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Assembly of the

mera (1) 8
&5 \k The iron film is fixed by

s 7 ‘@8 sandwiching it with folders

: made with PEEK.

Climate chamber I I

_

““XRPIX rigid flex PCB

AMilin

We enclose it with
O-free Cu blocks.



Assembly of the Camera (2)

Assembly of the lead block and
the instllation of the camera.




Veto Counter / Plastic Scintillator —

SEABAS e Combination of “Triangular scintillator” VETO system
Climate chamber

3EABAS] developed by OMU (Fuijii)and U.Tokyo ERI (Taketa) and
I--I H PC “PETnet” readout system developed by Nuclear Medical
group of U.Tokyo (Shimazoe, Uenomachi).

e
]

+ | 64ch 14bit e Timing and analog signals from 22 scintillators are read out.

FADC w/ GPS

/57

eCcKing sou

WVETO counter S 4

in : L. : : :

'.IB!;:. e Triangular scintillators combined with each other. The ratio
of adjacent scintillator signals yields a position resolution
higher than the scintillator size.

| MPPC i
| S13360-1375P [




Current Preparation Status

1/2 ISAl system without VETO is installed

e One XRPIX sensor read out by SEABAS.
e Slow monitor
e Calibration source though a pin-hole.

e Position sensitive plastic scintillator VETO counter read out by PETnet.

e The anti-coincidence system will soon be available.

temperature
chamber

64ch 14bit

| FADC w/ GPS
......... 8 _Checking soure |-

----------------------
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BGD reduction by timing-veto are essential to precede
Pixel-to-pixel gain correction the current limit.
Recovery of the detection efficiency




ISAl ¢fs
é Unfortunately...
4

* The experiment site underwent renovation work, so we were unable to conduct
experiments in this 3 months.

" lead of experiment

even * One of the last two XRPIX7 sensors has failed while testing it.
\|/[o]g-1-B o ONLY ONE XRPIX7 sensor is available now...




New SOIPIX ! : “XRPIX10 (2022)”

The detection efficiency of XRPIX7 is unexpectedly low (~2%).

o XRPIX7 did not work properly when trying to apply a high back bias to the sensor, which
results in a thin depletion layer (~20um).

e This would be due to the use of a special SOl wafer called Double SOI.

New large sensor, “XRPI1X10”, a 4th-generation sensor developed in 2022.

e XRPIX10 uses the well-proven Single SOI wafer.

 The back bias can be applied up to 300V without any problem.

e (Can achieve full depletion (300um) and a detection efficiency of ~50% as planned.
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Even Newer SOIPIX ! : “XRPIX11 (2023}”

* We realized the XRPIX10 is still not perfect:
gain and spectral quality exhibited significant
positional dependency.

e The new XRPIX11 solves this problem.

* (We believe that) this completes the development of
the (analog type) XRPIX.

«  Note: full digital XRPIX13 equipped with ADC, DAC | saidee I
and pattern generator is coming up next year, which ot ”X'ldfx' ~ WL
greatly simplifies the readout system. O' 8 hihilhilil} W ANRARGRAGT
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Upper Limit on Axion mass (eV)

100

10

Predicted Sensitivity with new XRPIXs
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ISAI experiment : Summary

Investigating Solar Axion by Iron-57
* Dependent only on a-N coupling

* No ambiguity due to mixing of a-e or a-y coupling

Table top experiment

e Passive and active shield, X-ray SOIPIXs with high AE, high QE, high At.

1/2 ISAIl system without VETO is
completed.

Background run with XRPIX7 using
normal Fe foil.

Need to improve detection sensitivity.

Preparing the new sensor XRPIX11 that
can achieve full depletion (300um) and
a detection sensitivity of ~50% as
planned.

We would like to somehow get to the
world recode with XRPIX11.

Pb shield 4

lllustrated ISAl-san! —

Hairstyle inspired by
the sun

ISA

Axion from
solar Fe-57

triangular
scintillator flex PCBs and

rigid-flex




