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ISAI (Investigating Solar Axion by Iron-57)

W
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Previous and on-going works

* Moriyama (1995). PRL 75, 3222

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

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

* 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

e 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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HEP: Onuki

CR: Fuijii, Taketa, Namba,

the ISAI team

Multi-Disciplinary Team

(only 3 DM experts)

Nuclear Medical: Uenomachi, Shioazoe

DM: Miuchi, Inoue, lkeda Detector Sci.: Takeda, Tsuru

Overall Concept: Onuki
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“XRPIX” Event-driven X-ray SOI pixel sensor LU

XRPIX7 assembled on

Sensor <—li X-ray a low BG rigid-flex board
11| -
(hlgh p, V_back l
depleted Si)
BOX \ Electron ?\1??
(SlOZ) Hole
P+ /BPW
Fast CMOS CMOS.
(OW p SI) V_sig ‘\ Time i

Each pixel has it i 0 g e format 608 x 384
ach pixel has its own trigger logic an « pixel size 36um x 36um

analogue readout CMOS circuit. e sensor size 13.8mm x 21.9mm
 trigger time resolution better than 10us

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.

In XRPI1X, each pixel has its own trigger logic circuit and analog readout CMOS circuit.

The trigger function realizes low detector BGD by anti-coincidence with surrounding scintillators.
Thick depletion layer ~300um is thick enough to detect 14,4 keV X-rays.

XRPIX is an ideal Si sensor for the ISAlI 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

] ] > |[FPGA|

* Output

J' e Trigger Signal

|  Postion

v

:

V—-»—-»—->—+—->-->+>l> {>
- time Resolution ~ 1sec - time resolution better than 10pusec

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

~1072 higher At than DEPFETSs of Athena, etc.



JFeKo/p detector head developed for application of nuclear medical use
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Assembly of the Camera (1) B

A

‘ & ST LAY \; i The iron film is fixed by
SEABAS ' » o HES . . . .
F?E’XE’?@ %] q sandwiching it with folders

made with PEEK.

Climate chamber I I

_

““XRPIX rigid flex PCB
is attached to.it.

Ablin

A |

We enclose it with
O-free Cu blocks.



Assembly of the Camera (2
Assembly of the lead block and

SEABAS




Veto Counter / Plastic Scintillator —

Climate chamber
4&*/\/#\

SEABAS

SEABAS
SEABAS
SEABAS

[

If| [+
I PETNETI
—

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

FADC w/ GPS

e Combination of “Triangular scintillator” VETO system
developed by OMU (Fujii)and U.Tokyo ERI (Taketa) and
“PETnet” readout system developed by Nuclear Medical
group of U.Tokyo (Shimazoe, Uenomachi).

/57

eCcKIng sou

WVETO counter S 4

in | ~ | Triangular scintillators combined with each other. The ratio
of adjacent scintillator signals yields a position resolution
higher than the scintillator size.

| MPPC =
| 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 Anti-coincident between XRPIX and VETO is still in preparation

temperature
chamber

=8 64ch 14bit
| FADC w/ GPS
......... ®_Checking soured |-

----------------------
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Background Run E

— - Very prellrrhlnary
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» 2% detection eff. for 14.4 keV X-ray;

A.V. Derbin (2011)
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1/2 ISAI detector to full detector

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




New SOIPIX ! : “XRPIX10 (2022)” 4

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

e 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 SOI wafer called Double SOI.

New large sensor, “XRPIX10”, a 4th-generation sensor developed in 2022.
e XRPIX10 uses the well-proven Single SOl wafer.
e 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.

We plan to assemble XRPIX10 into a low BGD rigid FPC in FY2024, and deploy XRPIX10 in the
ISAI experiment from FY2025.
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J EDl (this name will be changed) 15

* We are considering a M-size X-ray satellite following XRISM
* Aiming realization in early 2030s
 Broad band from UV, soft X-rays to hard X-rays (0.3~80 keV)

» XRPIX is a strong candidate for the Si sensor of wideband X-ray imager
X-rav mirrors | soft X-ray imager (CCD)

wideband X-ray imager
XRPIX (or DSSD)

Triggered by EM (e.g., HiZ-G), GW, neutrino...,
JEDI follows up the explosion as soon as possible.

The Science is
“TIME DOMAIN”



JED)I (this name will be changed)

Aiming at the first "waiting observation" for supernova in history

e There is a delay of up to ~day in SN from the neutrino emission to
the actual explosion (shock breakout).

e JEDI observes the progenitor of the SN by receiving the alert from
Hyper-K (to be operational in 2027).

SBO duration [sec]

one day UX / X-ray Supernova !
GRS N R G it delayed X-rays

30 ’24 E

Kistler et al. 2013 4 Supergiants ‘.15
& 1

leading
neutrinos

¢ 0 :
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5 Wolf-Rayet Stars © 3x10%erg 1
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16 35 | 1 |
102 10° 10% 105 108
Shock propagation time [sec]

grotation

Is there any idea to search for DM using JEDI?




ISAI experiment : Summary

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

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

Table top experiment

* Passive and active shield, X-ray SOIPIXs with high AE, high QE,

high At.

1/2 ISAl system without VETO is
completed.

Background run with XRPIX7 using
normal Fe foll.

Need to improve detection sensitivity.

Preparing the new sensor XRPIX10 that

can achieve full depletion (300um) and a
detection sensitivity of ~50% as planned.

We are considering a next M-size X-
ray satellite, “JEDI”, for time domain
astronomy.

— lllustrated ISAl-san! —
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