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ÔÝëÎ
uXƕƠŤĆwěƏ

Ø ÈǏýfȓȧý � ɜƩéfÿê�]ǎytY
Ø Ȣɕ{Ò_w]j�j�ɪYlŗmÎbfǟŲfȞfļïfðĞm

uȘiwȽċ
Ø ǗÿǏƵǹu��ǨȠ��§�wƧčüě
Ø ĎŏfȕčøÛf±À�¨ĉËĻģ

uXƕqw¢�º©»�ÆƠŤĆ
Ø XƕǋĆǩ � ŒƩéýȰƸ
Ø �Á»M¢ � ŒƩéýg�rźöfĽůîåȓöƦñ
Ø ƮÓx2t�À�
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LOFT eROSITA HXMT Einstein Probe SVOM
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sZepɢĔƕ
uȘiuq^�cr

Ø 3~4ÉqƵǹ�ŗmÎb�cr
Ø È^dx50x50x50cm3 Ĥñ
Ø Ȑůx10kg, 10W, 100MB/day

uǵÑǱ
Ø ÞÎy�Úxpx£»
Ø ÈǏƵǹ]Y�rc��£»
Ø ɎǢƎƷqtYr3ÉqŐ�tY
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ÿd_p�ŒƩéfÝźö t�ǋĆǩ
ȕčøÛ t�ºÀ�ÃÆ �Şx�Ǳƾ

ŎɢĔƕl(		A)		�UTm
�ÞÎy�ÚxhcŒƩé�Mµ�Ɗec667fÃÆ ŞāƉ
��ÉĤçuüěq^�yÿƃǠq�ĬĮįw§M¢�Ċ��
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¢M�¥¨lrmĵïǵàƅƠù
uNS-NS merger

Ø r-³Ä¡�ņȔÜė
Ø kilonova (macronova) 

uɢĔ]Ï�rYZ×§Â�u�
Ø free neutron beta-decay (Metzger et al. 2015)
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Ĕɬ]ǋ�k�Ƨ_ó�_t� t�ɴȃƵǹuČǻh
ɢĔƕwŉĭxÍĕèǹw8AEcņȔÓėwŸǒuĒƙ�ƛx�

mostly r-nuclei
!∗ → ! + 	& + '( + )*

n	→	p	+	'( + )*
mostly free Neutrons

~ hours

~ days

ƢÏŀƬuǓöÖȥ
ĔɬqxÔŽÍĕè]Ü^Ɠ�
ÍĕèȦȭqǋ�
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Summary:	UV	emission	from	NS	mergers

Timescale Wavelengths AB	Mag	  
@	100	Mpc

AB	Mag 
@	200	Mpc

Note

Early	thermal ~	15	min UV ~26 ~27.5 Too	rapid	
cooling

Early 
non-thermal

~	1	sec UV ~>24		
@	1hr

~>25.5	
@	1hr

Depends	on		
ambient	
density

RadioacNvity	
(main	ejecta)

~10	days Opt-NIR ~21	 ~22.5 Not	UV

RadioacNvity	
(free	neutron)

~	1	hr UV ~20.5 ~22
*Uncertain*		
assuming 

M	~	10-4	Msun	

Survey	with	Hibari:	22.5	mag	-100	deg2		in	1	hr

�M�4���:':A:
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Thanks	to	Yatsu-san

Survey	with	Hibari	
		22.5	mag	-	100	deg2		every	1	hr	
		=>	~	100	supernova	detecNons	/	year

Day	1

UV	brightness

...

|||||||||||

Day	2

|||||||||||

Breakout
Cooling

Wind	breakout

Time

Uniqueness	
-	UV	wavelength	
-	Con$nuous	coverage

More	interesNng	with	
-	coordinated	(op$cal)  
		surveys	from	the	ground	
-	Rapid	spectroscopy

=>	Unique	probe	of	the	last	stage	of	stellar	evoluNon

�M�4���:':A:



jw”y
u Type-Iay�wɢĔƕ°Â�

Ø ȲǹrƢÏŀrwąȳŐāu��ƢȚh

u jw”y
Ø ɓɯƴȭěƪ
Ø «¾M¨ÁƢȚȊ
Ø Active Galactic Nuclei, etc.
Ø Èęy�wƢȚ (BGǥŏ � ãĝ¹¥�¿Æ{wŋÚ)
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mp¨Ñ]ãòdxocMvĉ¥Ìo¬AMR°é�kpØãòC£

Yi	Cao et	al.	2015



ɢĔƕǱwƮÓą×
uǘȝɥxu�]ŒƩéȷğxƀtY
uČŎw³Ä���¨

Ø GALEX (Φ1.23)
Ø UVOT/Swift (17’x17’)
Ø ASTROSAT (28’)
Ø ULTRASAT (210 deg2 21.5mag 900s)

10

�é��Õ£·Cai? o�Çkae@npT�3�6/�/�pt
• G!FD4E4F¤Mºqx¡Æ�wüśĉË�ȻepYk
• Șix¯�xĘĸq^�]c¡Æ��ȷepYk

from	Wikipedia

UV-CCD

Demo in	Space Tokyo	Tech	small	satellite	team

Caltech/JPL/Israel	

c�}qw¹¥�¿Æx
ɜƩé



Mission Sequence: 
Arrival of Gravitational Wave
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TokyoTech

Ground StationGravitational Wave

GW is 
detected!!

• ĵïǵĿŋ
• �ÀM¨Ʊm



Command uplink for follow-up Obs

12

GW error circle

• ǨȠ�¸Æ©ƝĞ
• žŇgq^�laƧ_
• ƞâǚĝ]Đōd��
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Tiling observation #1
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�¸Æ©ĢĞãcɚêƶepǨȠøŦ
ɚâǨȠøŦf¢�ÁÆ�ǨȠuxÝǓǟŲĒȆ]żĐ
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Tiling observation #2
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Ă§M¢wɚâƄƝxĈƉŜ
>���kp�°µĂCÄ£
;xlc~w”SÆ°Í�³¶<
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Tiling observation #3
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UV TRANSIENT 
WAS 

DETECTED!!

ŉĭɦÏg
âȪfó�dfĽůȍ



Alert to the Ground station
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• ÞÎ{GHƠùĿŋǓĭƄƝ
• c��ƞâǚĝ]żȟ



Multi-messenger astronomy

17

ÞÎǘȝɥ
�:DAIF�
� :8?

Satellites for X, γ, UV



¹¥�¿ÆĐō

u ¢M�¥¨wŹĕ in NUV (ÍĕèĨȞu�):
Ø Error-circle: > 100 deg2

Ø Rise time: < 1 hr
Ø Flux: > 22 mag
Ø Position Accuracy:  < 10”

u ¹¥�¿ÆĐō:
Ø ĿÏƙĮ: > 22mag
Ø ��§Æ�: > 2 cycle/hr
Ø ɘǋâä: < 0.5 hr / (100deg2/FoV)
Ø ǨȠȖĝâä: > 1 hour (ļȈw~qɇć)
Ø ǓĭwșǸȌř: < 30 min
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�ŒƩéq((�TJO�Ŀŋq^�ǋĆǩ�ɧȱg�
�ǟŲĎåöxA
	B
�¢�ÁÆ�ǨȠwk�ǟŲſȎxǓY”Z]ƗY
�ƦǓq��Yy�ƞâðĞq^�cr

�ÕÅ´pèc?�éÍ�p³�]�ældxT
- ��5��5��&>*">*�M* �ÿ����5��&>*">*�M*�� 



Shock Breakout�ȷgr…

Based on Tominaga et al.  2011
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1 SN/day
1 SN/day @

 r’-band

Limiting magnitude [nJy]

10-2

10-1

100

101

102

103

104

10-1100101102103104105

Limiting magnitude mx,lim [mag]

Su
rv

ey
 a

re
a 

Ω
ob

s [
de

gr
ee

2 ] 

18 21 24 27 30 33

0.01 SN/day

　
 @

 NUV(180~300 nm)

0.1 SN/day

�ôöÜÞ�êC÷�
Ò«�U



¡Æ�úå
u ¹¥�¿ÆĐōy�…

Ø ȨŚȿȚ CCD or CMOS
Ø ŒƩéwk�ÀM�±�M¸¥¨
Ø Q.E. > 60-80% @NUV

u ȹƶȃƚ: Caltech CCD
Ø ¿ñª: 2k x 2k pixels
Ø e_i: 31mm x 31mm
Ø Q.E. : 60~80@NUV(BI)
Ø ă±Ê: 3 e-/pix/hour@-110ºC
Ø õt�cýç: 2 e- (RMS)
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Detector Size QE@UV Rad-hard Support

Canon CMOS ○ × � �

SONY CMOS ○ × × ×

CCD by 
Hamamatsu � ○ � ○

E2V CCD ○ ○ ? ?

Caltech CCD ○ ○ ○ ○

G!FD4E4F w³Ä¨¢�³�¶��őǉep��x�
lĕŜxŶÖm



ĿÏƙĮwÚǍ��
u UVOT/Swift lΦ300mmmwŉĭ�Ńŵrepĸū
u zy�wÙÓ…

Ø Šɤg 200mml¯�y�wĒƙm
Ø ɁŸƇ: 70% (Requirement)
Ø Q.E.: 80% (Caltech’s UV-CCD)
Ø ɀǲ:

- ȩ~Ïeɀǲ(RMS):15.5 e- (5s x 60 frames)
- Ɋļƌ@-30ºC: 790 e-/pixel/300s

Ø Èęǋ (airglow � GALEXwŉĭy�…):
- Airglow(ƵǹwÞáâȯǢĕ):~78.6 [ph/s/cm2/str/Å] (-6<L.T<+6h) 
- Airglow(ǂȮȣȯǢĕ): ~675 [ph/s/cm2/str/Å] (120<S.A.180 )
- əĲǋ: ~800 [ph/s/cm2/str/Å] (əĲĤĔ)
=> 97 e-/pix/300s(}Ċ) / ~ 1000 e-/pix/300s (}ü)
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ǋĆǩwĘĸlɲǅm
u ¹¥�¿ÆĐōr¯�wĒĄy�:

Ø  Č»ċ: < Φ200 mm => 22ð]³�dxIupĆÚ�� 300 s «�
Ø Ð�: > 17 deg2 <= 100 deg2 4 (30min/300s)
Ø û©āâ: < 430 mm (CCDe_ilÐ�Bw)
Ø PSF: 15um (~2 pixel � óĄÌl¼¾dxIu)

u µM�rt�§��Æwúå:
Ø ČĵĐƹī: ĂÑ]ȕYcrl40cmm
� Riccardi-HondersÚ�ä
Ø D200mm (F3.0) / 80đì

u ľǫń
Ø ɮȇſȎ BK7 � ɢĔƕ�ÃM©ɡıŪǜ
Ø ȕȼĜý 600mml10Ħáöm � 430 mml20Ħáöfm�nrǳejZm

ɥɨgɡıŪǜ�āYpɁŸƇ-	no(		A)		UTxÒa�Úðe
ƵǹšwȞfĉɞǃƲ�Đōd�pY�ƏƜlÄ�¥¨î}nptYasm

±�Â¢Mg£��Ä�¥�¹ÀMwĘĸ�øŦlôÇÚǍ��]Ě�Ĺåm

Tube

Reccardi-Honders OPTICSUVCCDAttitude
sensor

Dichroic mirror



§M¢ǀ
u Alert(uplink) / Detection Notice(downlink)

Ø Time : 24 bit
Ø Coordinate: 12 bit x 2 (x 5 points)
Ø Magnitude: 8 bit
Total: ~146 bit (~18 Byte)

u Ůȶ§M¢
Ø Raw§M¢: 2064a2046 pixel a 16bit = 8 MB/frame + Header

Ø ĵvÓ�i: 10 sec a 6 frame (& Cosmic-ray subtraction)
Ø Ůȶwŝ�Ïe

- Ơùģ: 5~10 (ȃƚƠù + Ɓȿǹ)
- ŝ�Ïe�� : 50x50 pixel (5 kByte/sub-region)
- ´¥£M: ~1 kB (ȄǬ+ âȪ + ȡö,,,)

n9kz9o ~ 50 kByte /min
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Æ°Í�³¶;čù�jso`a^<
uĿƳÍ

Ø ƎƷæuƸeYcrxŊǤepY�
Ø ¹¥�¿Æėíĕuë��cr�ŊǤepY�

uƹī
Ø ×õlŮȶǇnġ^f�¢Ä�ýtstsm
Ø ÖǶ�Đ�lĂ§M¢xƋritYwq�¹yɌywŧŬżȟm
Ø CPUf»×Á]Ɣ�tYhlƔ�krepȸȞe^��yhm
Ø ɒĠus�_�Yyy�hlɒĠÍȅȬ}qƵǹ]Ü^Ɠ��ym
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��¦ºĐō}r�
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Mission Life >	3	yr (� 1/MNV	Coverage,		~3yr	for	1	str)

Orbit
Twilight	orbit	(Sun	synchronous	is	also	acceptable)

Altitude ~ 500 km

Thermal	Structure Φ200 UV telescope	&	Detector	Temp <	–30ºC

Electric	Power	System enables 1	hour	observation	without	Sun	light

Attitude Control	&

Determination

Pointing	accuracyg30	arcmin

Attitude	determination	accuracyg10	arcsec

Attitude stabilityg 15	arcsec/10	sec

Accuracy	of	Time: 10	ms

Communication	&	Data	

Handling

Data	Rate: 30MB/day	(Limited	by	S-band	transmitter)

Real-time line:		~18	byte/access,	delay	time	<	30min



Success Criteria
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Engineering Science

minimum
success

• Deployment and checkout of 
the Variable Structure Attitude 
Control Technics (VSAC)

• Demonstration of UV-CCD in orbit
• Demonstration of onboard data 

analysis (Electronics/Software) 

Full
success

• Confirmation of Attitude 
control utilizing VSAC

• The world first WF-NUV survey
• GW/neutrino follow-up observation 

(flux upper limit in NUV band)

Extra 
success

• High-speed Attitude control 
with VSAC

• Detect UV transients with 10” 
position accuracy and send alerts to 
the ground.

Challenging
mission • UV observation utilizing VSAC
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�¸pÞ�ÜÓêp��
uAXELSPACE ”s�e1ȋĉwüȂ

Ø ��¦ºĂùrepĎåöx10ƥȣ
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ɗǹǟŲ¡Æ�]ǹw¨À¥��¹��ta�y
	ƥȣǈėxƉŜ



ðĞêƕĘĸ
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Freq Dir Modulation Speed Data Station

144 MHz Up AFSK 1200 bps CMD Tokyo Tech

430 MHz Down AFSK/Morse 1200/1 bps HK Tokyo Tech

2 GHz Up PSK/PM 1200 bps CMD sub JAXA/ISAS

2.2 GHz Down BPSK 100 kbps Mission TLM JAXA/ISAS

1.6 GHz Up IrisiumSBD 270B/pkt Alert/CMD via Internet

1.6 GHz Down IrisiumSBD 340B/pkt Alert/HK via Internet

�Á��ºxc�y�Ŀśüƿ�ÒZĹå
EǱÀ�¡Æ�ĖŢf5B9%ǄăǑxȢɕƽƑuĘůĳ

S-band

UHF

UHF

VHF

S-band�Iridium

Iridium

Nagata et al. 2015
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uSchedule
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,			đì )		đì 
)		đì 
,		đì (
		đì )			đì ,		đì ��)®�

&��
>
 ( )  � � - �� �� �& � & 
 ( )  � � - �� �� �& � & 
 ( )  � � - �� �� �& � & 
 ( )  � � - �� �� �& � & 


?81 ?!  ?!1 ?2NHF�6PUH- ?3LU0.HFM ?�1 ?28�6PUH- ?01 
�SH��.DTH�� �.DTH�� �.DTH�/
0QPTHRU�1T-P 28�ODPVI

?�SGHSLP-�001 ?�SGHSLP-�2NHFUSQPLFT ?�GHS�38�001?8DPVI

?�SGHS ?�SGHS�!DORNH ?�SGHS ?�SGHS

?QSGHS ?LPUH-�UHTU ?OHF.�UHTU ?28�QSGHS ?6PUH-SDULQP ?28�F.HFMQVU

&��(=
- �� �� �& � & 
 ( )  � � - �� �� �& � & 
 ( )  � � - �� �� �& � & 
 ( )  � � - �� �� �& � & 
 ( )  � �

?4QU�3VPG ?�1 ?7DVPF.1DUH� ?7DVPF.1DUH&
�SH��.DTH�� �.DTH�/ �.DTH�0 �.DTH�1
0QPTHRU�1T-P 38BA"HTU @2SSQS�LP�2�! @2�!�9QLTH @2SSQS�LP� 3

�SHNLOLPDSY�1HT-P !QIU;DSH�1HWHNQROHPU���1HEV-
?28�U.HSOADF�"HTU?28�2NHF�6PUH- ?38�6PUH-� ?38�".�ADF�"HTU ?38�6PUH-&

2NHFUSQPLFT 0SLUHLFDN�1HTL-P !QIU;DSH�1HWHNQROHPU
".SO�8HF.

?//8�/HDO�"HTU @5A�GLTF.DS-H @�8"�ESQMHP?/HDO"HTU ?A�UHTU��DTT ?ILPDN�6PUH-?38�/HDO"HTU

&��� &��� &��& &��


8LTTLQP
//8 B/8�//8 R38�ODPVI�UHTUT 38�ODPVI

28�!USVFUVSH 28�!US�UHTU 38�GT-P 38�UHTU

0SLULFDN�1T-P 38�ODPVI
//8 //8 28�UHTU 38�8DPVI

28�8DPVI

CHDS &��-
8QPU.

"!#/�82

�.DTH��
!YT�1T-P �SHNLOLPDSY�1T-P 28�ODPV 28�UHTU

/DFMVR R38��0DNLESDULQP
!QIU;DSH�1HWHNQROHPU�RULFT �RU�1T-P� �RU�UHTU� HPW�UHTU

1HWNR�001�GSW�1�� 28�1T-P 28�ODPI

6PUH-�"HTU�QI
OLTTLQP�FQOR

!YTUHO�2WU �.DTH�0
0QPTHRU�1T-P& !YTUHO�1T-P //8�GHWNR�UHTU

�RU�1T-P� "HTU&

".HSO�8HF.
".HSO�8HF.�1T-P 28�".SO�8HF.�1T-P

1UHFUQS

8LTTLQP
1T-P

0QPTHRU�1T-P 001�HWDNVDULQP

�SHNLOLPDSY�1HTL-P 28�HWDNVDULQP 0SLULFDN�1HTL-P 38�ODPVI

CHDS &��� &��� &��- &�&�
8QPU.

38�UHTU
�.DTH�1

uCost of Development

ŗmÎb A�(	(
2�� ��<<4��MW<QSVU��<ULQJU�V;�D><<QJU�DV.RM=<�
øÛűā A�¸M�Æł~qĄ(Ķ



Vlu
u ɢĔƕƠùȷğāǗÿǏƵǹ�őńfɛƼĘĸ�üũ

u ¢M�¥¨x
Ø ĵïǵàƅƠùlNS-NS Mergery�wƢȚm
Ø SN Shock breakouts, Ia-SNe, ɓɯƴȭ, AGNe etc

u ���Æ�w��¡��À�¦Á�
Ø Éä1êĤÎwNS-NS mergerɚâǨȠ
Ø ÉäģŶƭw shock breakoutsĿÏ

u ěƏ
Ø ɛƼĘĸlħÐœm� �Æ¦�¨Ũò
Ø ŗmÎbĹå2021~2022
Ø ŃÌ�Æ·M¬Æ¨wøÛuƯ×
Ø ȢɕƽwÅM�Æ��ÂM³ímÎbŵƂÍ
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