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Declination

The soft X-ray transient sky
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Wide-field soft-X-ray focusing

Expands the selection to softer & fainter transients
/ reveals earlier or extended emission phases
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Declination

The soft X-ray transient sky

EP240315a Liuetal. 2024
7 minutes early precursor of GRB 240315C
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Wide-field soft X-ray monitoring is becoming an essential

discovery channel for multimessenger astronomy.
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HZZ-GUNDAM (2034~, 3 year)

Optical and Near Infrared Telescope

Wide Field soft X-ray Monitor MONSTER
FAGLE

1. Detect & locate
GRBs/X-ray transients

2. Ildentify and measure the redshift
of counterpart

3. Alert message (T << 1 hour)
4. Spectroscopic observation with large area telescopes
l.e. JWST, Subaru (T ~ 1.5 hr)

=52 ZEEl

Science Goals
1. Exploration of the early Universe with GRB
2. Timely contribution to Multi-messenger astronomy

2028/08/30 TeVPA 2026 @Tendo, Yamagata 4



EAGLE finds faint and soft transients

X-ray from transient | shster Eye Optics (MPO)
/ Focusing X-ray from transients

Performance

Observation 0.4-4 keV

energy band

Field of View ~0.53 str
Detection 7 X101%erg/cm?/s
sensitivity (100s exposure)

Positioning 3 arcminwith1o

accuracy ( for follow up observation)
2028/08/30 TeVPA 2026 @Tendo, Yamagata




EAGLE finds faint and soft transients

X-ray from transient Lobster Eve Optics (LEOQO)

source
\

/ Focusing X-ray from transients

Performance

Observation 0.4-4 keV . R

energy band ocused X-ray image

Field of View ~0.53 str *‘

Detection 7X1T 7 ) ] . . . . .
sensitivity (100 EAGLE detects transient and provide arcmin localization in
Positioning 3 ar ~100 seconds

accuracy ( for follow up observation)

2028/08/30 TeVPA 2026 @Tendo, Yamagata



MONSTER enables rapid optical/NIR identification

Kgster prism ltems _____|Parameters

Telescope type Offset Optics
Aperture size 30 cm
o o ‘ | Focal length 83.5cm
\ e | E number 6.1
v Field of view 15 arcmin X 15 arcmin
FoV per pixel 2 acsec X 2arcsec
z: Integration time 10 minutes (2 minutes x 5 frames)
- ; ‘ | Observation 0.5-0.9 0.9-1.3 1.3-1.7 1.7-21 2.1-2.5
‘ S %\a\ | Band (pm)
a z“ TN Limiting ABmag 21.3 20.9 20.6 20.5 20.4
(@10 min)
$300 mm aperture i . Focaldetector  HyViSi HgCdTe (H1RG)
telescope ;

Af
p i
1

260 , I

500
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MONSTER enables rapid optical/NIR identification
ltems ____ |Parameters

Telescope type Offset Optics

: .. | Aperture size 30 cm
\p... | Focallength  83.5cm
| F number 6.1
Field of view 15 arcmin X 15 arcmin
z"’ FoV per pixel 2 acsec X 2 arcsec
: | Integration time 10 minutes (2 minutes x 5 frames)
if; Observation 0.5-0.9 0.9-1.3 1.3-1.7 1.7-2.1 2.1-2.5
zo 53 | Band (pm)
i Limiting ABmag 21.3 209  20.6 205  20.4
i (@10 min)
$300 mm aperture 2 Focal detector HyViSi HgCdTe (H1RG)
telescope T MONSTER obtains an arcsecond localization, and
photometric redshift within 10 minutes.

2028/08/30 TeVPA 2026 @Tendo, Yamagata 8



MM source detectable in soft X-ray

Source class

Messenger

Characteristic

Possible EAGLE timescale of the

signal

Compact-object
merger

Core-collapse SN

TDE

Blazar

GW

MeV neutrinos +
GW

HE neutrinos

HE neutrinos

EAGLE signal

Short-GRB prompt
or extended soft X- ~0.01-10"s
ray emission

X-ray shock
breakout or seconds-hours
associated GRB

Bright jetted TDE or

X-ray rebrightening hours-months

Exceptionally
bright X-ray jet days—-months
flare

Blazar

2028/08/30 TeVPA 2026 @




MM source detectable in soft X-ray

isti merger
Possible EAGLE (?haracterlstlc e g
Source class Messenger . timescale of the v
signal ) >
EAGLE signal '
: Short-GRB prompt
Compact-object or extended soft X- ~0.01-10"s
merger ..
ray emission |
i Core-collapse SN
MeV neutrinos + P SN e
Core-collapse SN breakout or seconds-hours 5
GW .
associated GRB
TDE HE neutrinos Bright jetted TDE or hours—months

X-ray rebrightening
Joint soft X-ray and messenger detections would provide unique laboratories
-stellar explosions, relativistic jets, extreme accretion, and high-energy
particle acceleration.

plazar

2028/08/30 TeVPA 2026 @



Paths to multimessenger discovery

HiZ-GUNDAM can independently detect, localize, and
characterize in “onset phase” of multimessenger events

Detection in soft X-ray ~10 min ~hour ~hours ~days

| | I I R
| I I i

GW \§ neutrino

a few -10 deg localization
10-10002 deg localization . 5
/ '7/ ‘ | ‘i. R
iy
= '!'iiili !l N A
LIGO lceCube 2028/08/30 TeVPA 2026 @Tendo, Yamagata 11



Paths to multimessenger discovery

HiZ-GUNDAM can independently detect, localize, and
characterize in “onset phase” of multimessenger events

arcmin-arcsec MM event coincidence

localization, redshift confirmed in GCN
Detection in soft X-ray ~10 min ~hour ~hours ~days
| | I I R
| | | |
GW \% neutrino
a few -10 deg localization

10-10002 deg localization : .

L

LIGO lceCube 2028/08/30 TeVPA 2026 @Tendo, Yamagata
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Paths to multimessenger discovery

HiZ-GUNDAM can independently detect, localize, and
characterize in “onset phase” of multimessenger events

arcmin-arcsec MM event coincidence
localization, redshift confirmed in GCN

Detection in soft X-ray

& neutrino

GW \\
a few -10 deg localization

~10 min ~hour ~hours ~days

Large Area Telescope

v

< 10002 deg localization ~ 5

future 30m class

e

LIGO IlceCube 2028/08/30 TeVPA 2026 @Tendo, Yamagata 13



Compact-object merger (BNS / NS-BH)
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AT 2017gfo
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Compact-object merger (BNS / NS-BH)

GW170817/
AT 2017gfo
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Short GRB + soft X-ray emission
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Compact-object merger (BNS / NS-BH)

GW170817/
AT 2017gfo
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Compact-object merger (BNS / NS-BH)

GW170817/
AT 2017gfo
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Compact-object merger (BNS / NS-BH)
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Detection by GW

facility
Gravitational waves
' @ < minutes
TO + 0-10 seconds EAGLE
short / soft X-ray

Gamma / X-ray

uncatalogued transient
arcminute position

TO + minutes to hours

MONSTER

Optical(blue)

TO + hours to days

new optical/NIR source
arcsecond position + host

counterpart 1st GCN minutes
candidate 2nd GCN ~1hour

Targeted follow-up
Optical / NIR 18




Compact-object merger (BNS / NS-BH)

GW170817/ '\ \\\ T0 Detection by GW
AT 2017gfo \ facility
\\ Gravitational waves
: 2002 , ll < minutes
I TO + 0-10 seconds EAGLE
j “’ — short / soft X-ray
T 0 ) uncatalogued transient
g | Gamma / X-ray . .
g = arcminute position
3 mowd ook ST T | MONSTER
£ 1o | o new optical/NIR source
i;"zg ¥ 1 b arcsecond position + host
o EAGLE and MONSTER can provide localization before Optical/NIR brightening, inutes
Y also have chance for blue kilonova follow-up Thour
) . Targeted follow-up

50
—10

-8

Optical / NIR

19




Collapsar SN and shock breakout
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Collapsar SN and shock breakout
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Collapsar SN and shock breakout
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Collapsar SN and shock breakout
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Collapsar SN and shock breakout

SN 2016gkg
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Collapsar SN and shock breakout

SN 2016gkg

Absolute V-band magnitude

"l

-18+—

L
o
[

-14

=12

T llllllll

:l Shock breakout

T T T TTTT

Post-shock
cooling

T I T

Radioact

heating

T | FL]

ive

V Detection limit
@ Discovery data
A Atlas (o filter)

® Follow-up data

— Hvdrodvnamical model

EAGLE and MONSTER can provide localization and characterization of
SN shock breakout, before it has UV/Optical peak

S

.
e

1 1 I 1 1 1 I |

RSN

Ni>®and Co>°

L

RN
e

TO

X

Detection by neutrino &
GW facility

MeV neutrinos + GW

L

TO+seconds to hours

@ seconds-hours
EAGLE

N

soft X-ray, EUV

TO+ hours to days

| 10+10 to 30 days |

P
H\Optical/NIR

single soft-long flare
from uncatalogued source

MONSTER

a rapidly cooling and evolving
nntical/NIIR SFD

CN ~hours

AV

Follow-up by UV/Optical/NIR

telescope




key technology: EAGLE Prototype

Optics System pnCCD detector
AT level V|brat|on test @ISAS/JAXA 2026. 08

anro - aons 357 02777 e [ SrennniEae | (" * Functional demonstration of the drive and
before

readout system
* X-ray tests with a Fe-55 source confirmed
the detection of Mn-Ka and Mn-KpB line

(b) multi pixel event
Validation of optics selection criteria
e.g. measurement of angular response
i wweem s e
o ol E0 5 - WES I ) Mn-Ka
3 2 T e Ty PR R, = H 10% 4
- 10 N £ Mn-KB
950 on : £10 f /
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key technology: MONSTER

Koster prism Data processing
Design and testing of holders, selection of A machlne-learnlng-tra!ned decision treg
adhesives I reduces ~1,000 sources in the MONSTER field to

<100 GRB candidates.

~ Decision Tree
& ( Fluxband 1<? ]
True /\ False
| Fluxband2>? | ( Fluxband5<? |

12

Max depth : 20
Total branching points: 11,609 ,
1 1 1

Niinuma et al. (2026) /" B

v
Known|----13.1<2<6.4|--6.4<2<9.7|---- [16<z <19 |-~ Known|

] Number of final classification outcomes: 11,61
Measurement of spectral transmittance el e o tEores Y

Thermal model
-Optical
baffle

80+ Radiator

for detector

Build an inhouse-model of EAGLE

60 1 —e— pre_ch2_trans

g
E il [ D;ea_ch3_"ans and MONSTER:
f “ b e chaans with improved thermal design, thermal
201 \ feasibility has been confirmed.

‘ Thermal strap

IR detector

0 4
08 1.0 1.2 14 16

Wave length(um) " 2°0H02r2'I et al (2026)

e

Kageyama et al. (2026)




key technology: MONSTER

Koster prism Data processing
Design and testing of holders, selection of A machine-learning-trained decision tree

adhesives -y reduces ~1,000 sources in the MONSTER field to
Il <100 GRB candidates.

" Decision Tree

& ( Fluxband 1<? ]
12 True /\ False
[ Fluxband2>7? | ( Fluxband5<? |
Max depth : 20
Total branching points: 11,609 .
2 R Niinuma et al. (2026) . ‘)/vk“ . \ - ‘K\ I
‘ ; nown|(----QB.1=Z2=<04(--04<Z=<Y9.(|---- <Z=< ==/Known
Measurement of spectral transmittance Number of final classification outcomes: 11,610
: Thermal model
- A\L\ ft.”\x /\‘\‘\ ‘ Optical Radiator
for detector
% ol We have steady progress in establishing the core technologies,
providing solid foundation for the next stage, design for flight model
" and complete observational work flow.
01 &M\\H—Hﬂ—.—.—. } Thermal strap
08 1.0 1.2 1.4 16 1.8 20 23 Ka eyama et al- 2026 ‘ :
Wave length{scm *Hori et al. (2026) et ( )



HiZ-GUNDAM turns soft X-ray triggers into actionable targets

* Wide-field focusing in soft X-rays expands discovery to fainter and softer
transients and reveals early or extended emission phases.

* EAGLE detects and localizes X-ray transients, while MONSTER immediately

searches for optical/NIR counterparts and provides early multiband
information.

* Compact-object mergers and core-collapse supernovae demonstrate the
workflow of rapid identification, and follow-up.

Those workflows are applicable to a broader range of multimessenger
transients.

 Keytechnologies for EAGLE and MONSTER are now being developed and
validated through prototype model testing.

2028/08/30 TeVPA 2026 @Tendo, Yamagata 29



HiZ-GUNDAM turns soft X-ray triggers into actionable targets

* Wide-field focusing in soft X-rays expands discovery to fainter and softer
transients and reveals early or extended emission phases.

* EAGLE detects and localizes X-ray transients, while MONSTER immediately
searches for optical/NIR counterparts and provides early multiband

information.

e Comp =t ~himat mmmeenen oo A mmen A Hmiman mtvn min i m Amnm nmmdbemd b~
feasil HIZ-GUNDAM is now open to MM community, to make
Thos unique science discoveries together.
trans

We are waiting for specialists from a wide range of
) VK:z;f transients, to develop new science cases and follow-up

strategies with us!!

2028/08/30 TeVPA 2026 @Tendo, Yamagata 30
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Discussion: From X-ray Trigger to Multimessenger Action

A growing diversity of transient alerts
*Future wide-field monitors will detect many different classes of transient sources.

*GRB-focused experts and automated systems may have difficulty to recognize
unfamiliar events and rapidly connect them with the appropriate communities.

*Alerts may be delivered fast enough technically, while delays in classification and
decision-making still create gaps in follow-up coverage.

How can we move rapidly from an X-ray transient trigger to classification and
coordinated multimessenger follow-up?

2028/08/30 TeVPA 2026 @Tendo, Yamagata 32



Appendix

2028/08/30 TeVPA 2026 @Tendo, Yamagata

33



Expected detection possibility for various transients

Detection sensitivity of X-ray transient Detection sensitivity of follow-up
10°7 , 17 <

\ 0.3 -1 mclass
18 \G round Telescope
- Too late
Discovery, .
\ S Observation start
pace
20 \ ~
21 \ 2 A m elace

\ Ground Telegcope
This

22 Mission \"" """""
23

T

Swift/BAT

1078

19

10—9 e

10+20¢

Swift/BAT
ASTROSAT/SSM
1071} —— Fermi/GBM
- Integral/SPI

Flux Sensitivity (erg/cm?/s)
Limiting Magnitude (AB) in K band

— hzoonoaw  HiZ-GUNDAM 24 (= S
F_lim = 1e-10 erg/cm/s 100 10 168 =~ 10° 30 10° 1o 10° 10° 107 107
FoV = 0.53 str (16 module) Observation time [s} Time since Transient Discovery (sec)
X-ray event/yr X-ray event/yr Near Infrared event/yr
GRB (6<z<12) best 17 Tidal Disruption 40 afterglow (6<z<12) best 9
GW/SGRB prompt ~5 SN Shock Breakout >3 macronova ~5+a
GW/SGRB E.E. ~5 Stellar Flare many Supernovae 27
GRB/SGRB ~464 Direct collapse BH a few afterglow of many
Low-Luminosity >3 Accretion induced . GRB/SGRB/XRF
GRB collapse Variable stars many
X-Ray Flash 33




EAGLE spectral response to SN Shock breakout

SN shock breakout from RSG (red supergiant), BSG (blue supergiant), '* |

and WR (Wolf-Rayet star)

Spectral fluence EdS/dE (erg cm™2)

Assumed shock-breakout spectra at 10 Mpc

1{]—5 _

1077 5

10 B

10-*

1{]—1[:- -

10 11

10712 4

1[:'—13 ]

ID—H

Thermal BSG: kT = B0 &V

EAGLE band
014' 4!“ kev

WR: non-thermal, Epeak = 2 ke

1072

10-! 10°
Photon energy (keV)

models: Nakar & Sari (2010)

RSG : thermal spectrum. kT = 25eV. E.;q = 3 X 10*® erg
Thermal BSG : thermal spectrum, kT =80eV. E,,q = 3 X 10*®erg
WR : cutoff power law, B = 0.25. Epeax = DkeMiaoEpss =A@t @rgmagats 35
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EAGLE detectability SN Shock breakout

0.4-4 keV fluence (erg cm™%)

Nominal EAGLE fluence screening at 10 Mpc

106 | === EAGLE goal: 7 x 10-%(T/1005)*7

=
=
w

10~# ;

AGLE flue = band, above EAGLE detection fluence limit.

R5i

10-? :
2.2e-10 erg cm™?
0.00089= |imit
.
10 10
: RSG is very faint in EAGLE band
10—11 . ! . }
10° 10! 107 10° 104

Emission duration (s)
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WR, BSG have enough counts in EAGLE energy
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Details of spectral model of SN shock breakout

model details adopted from: Nakar & Sari (2010)

*We adopt spherical, bare-star shock-breakout models with a canonical explosion energy of 10°terg.
*The characteristic pulse duration is approximated by the stellar light-crossing time, R, /c.

*The progenitor radius and envelope structure determine the duration, temperature, and spectral hardness of
the breakout emission.

2028/08/30 TeVPA 2026 @Tendo, Yamagata 37



Simplest comparison without EAGLE spectral responce

Fluence in 0.4-4.0 keV (erg cm™?)

1075 5

=
o
1

1077 4

XRF 000218
"

Thermal BSG

Assumptions for the detectability plot
*Distance: 10 Mpc

*Unabsorbed 0.4-4.0 keV fluence
*Simple spectral band-fraction estimates
*No detector-response folding

4.0keV
dE
SMN 2008D / rad dE
f — 0.4keV dE
04-4 /oo dErad
10-8 dE
ehG o dE
10-9 T : .
10° I 102 107 104
Characteristic duration (s)
Progenitor Expected spectral model counts ratio in 0.4-4 keV
RSG Blackbody, kT = 0.025keV 8.6 x 107> (0.0086%)
BSG Blackbody, kT = 0.080keV 0.245 (24.5%)
WR Cutoff power law, Epeax = 2keV 0.606 (60.6%);;




Expected detection possibility for various transients

Detection sensitivity of X-ray transient Detection sensitivity of follow-up
1077 . . 17 -
. \ 0.3-1mclass
. = 18 Ground Telescope
5o Swift/BAT = S A
) Qa0
> g 19 : Too late
£ = Discovery _
o ) \ Space Observation start
w 07 BS 20
s = N ®
L S R H 21 \ 3—4 mclass
27 10710 & \ Ground Telescope
T This
H —— Swift/BAT S 27 - N s R
R —— ASTROSAT/SSM iE Mission \
1071} — Fermi/GBM gl:i%—:- 23
——— Integral/SPI 3/&
—— MAXI/GSC . - N
— nizeunoam HiZ-GUNDAM +\E 24 1 HN=mmmmaey
Flim = le-10erg/em/s  * 3¢ 1o e e wor i R 10 10° 10* 10 10°
FoV = 0.8 str (24 module) Ohservation Ume [s] Time since Transient Discovery (sec)
X-ray event/yr X-ray event/yr Near Infrared event/yr
GRB (6<z<12) best 26 Tidal Disruption 60 afterglow (6<z<12) best 13
GW/SGRB prompt ~8 SN Shock Breakout >5 macronova ~8 + a
GW/SGRB E.E. ~8 Stellar Flare many Supernovae 40
GRB/SGRB ~700 Direct collapse BH a few afterglow of man
Low-Luminosity 5 Accretion induced ~10 GRB/SGRB/XRF y
GRB collapse Variable stars many
X-Ray Flash 50
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