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Summary: UV emission from NS mergers
by M. Tanaka

: AB Mag AB Mag
Timescale |Wavelengths Note
mese VEIENE> | @ 100 Mpc| @ 200 Mpc

Early thermal | ~ 15 min uv ~26 ~27.5 L(E r?pld
cooling
Early ~ 1 sec uv i Sharis D?r)nebni(iis n
non-thermal @ 1hr @ 1hr _
density
Radi . .
adioactivity | 10 o0c | OptNIR ~21 ~22.5 Not UV

(main ejecta)

*Uncertain®

Radi . .
adioactivity ~1hr uv ~20.5 ~22 assuming
(free neutron) R

GW170817&£EU K S5LVDBAS =185 100Mpc%

B)\—=9B(C(F20 mag T+ (AR ~L— MEIAER)
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%91\’%7?% O)ﬁﬁé\*ﬁ __’ from Wikipedia

& BiRIF (I H DN LREFIEER (ISR
&7 O>T UK

> GALEX (®1.2°) CNFETOIvSa>E
> UVOT/Swift (17'x17")  B&RH

» ASTROSAT (28")

> ULTRASAT (210 deg? 21.5mag 900s)

$6Smm

Ultraviolet space telescopes | edit]
. = - Far Ultraviolet Camera/Spectrograph on Apollo 16 (April 1972)
« ®=u + ESRO - TD-1A (135-286 nm; 1972-74)
« = - Orbiting Astronomical Observatory (#2:1968-73. #3:1972-81)
« @ - Orion 1 and Orion 2 Space Observatories (#1:1971; 200-380 nm spectra; #2:1
« ®m + == - Astronomical Netherlands Satellite (150-330 nm, 1974-76)
. ®=m + ESA - International Ultraviolet Explorer (115-320 nm spectra, 1978-96)
« M - Astron-1 (1983-89; 150-350 nm)
. @ - Glazar 1 & 2 on Mir (in Kvant-1, 1987-2001)
= - EUVE (7-76 nm, 1992-2001)
= - FUSE (90.5-119.5 nm, 1999-2007)

« = - GALEX (135-280 nm, 2003-2013) |

+ ESA - Hubble Space Telescope (Hubble STIS 1997-115-1030 nm) (Hubble W

1 - Swift Gamma-Ray Burst Mission (170-650 nm spectra, 2004-- )

- Hopkins Ultraviolet Telescope (flew in 1990 and 1995)

- Far Ultraviolet Spectroscopic Explorer, 1999-2007
- Galaxy Evolution Explorer, 2003-2012

—
-
. mm - ROSAT XUVI2] (17-210eV) (30-6 nm, 1990-1999)
=
—

- Public Telescope (PST)BI4)(8] (100-180 nm, Launch planned 2019)
- Astrosat (130-530 nm, launched in September 2015)

Caltech/JPL/Israel

Tokyo Tech small satellite team

ENR(—BEZRDIEDWN) [CHRIHTEESEDIZULTRASATDH
+  ULTRASATF—ATEEHDOEMEZRL T
« PR IR([EFETTEDN B2 HEEUTLE
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Mission Sequence:
(1) Arrival of Gravitational Wave

v
\/ . TSR

75— M35

Gravitational Wave ~ ;,

Ground Station

TokyoTech



(2) Command uplink for follow-up Obs

—
- =~

GW error circle

o BBRITOT> RIX{E
« Fft:TEIBEIFEL
- BEHEGNEREIND



(3) Tiling observation #1

V> FR{E%. BNEEEL CEURIRME
BNEFERAIS - U > JERI(C(IREREBHHNnE




(3) Tiling observation #?2

&7 — Y DOENFERX (FAE] e
= L TOBEHFERDHE
(VFO> 3> - ZEYRFRA)




(3) Tiling observation #?3

[B¥xmL
5%l - B3 S - UESF




(4) Alert to the Ground station

3 o i EAUVRAIRIDRIRERIX
. CNEEEHEGNANE




(5) Multi—messenger astronomy

Satellites for X, y, UV

it I SByemis
-GROWTH
-JGEM



S0kg#k COERET(2016£EKR)

—HXFDEUWENBRXAEDOIREZBEIRE TS :
> 1 NS-NS merger/yr ({RE10 NS merger yr1)

& -0 ROFFE in NUV (hiFomzes):
> Error-circle: > 100 deg?2 —
> Rise time: < 1hr
> Flux: > 22 mag
» Position Accuracy: < 10"

m, 104M© E

GW Trigger
k. =30 cm’g’

Q
® =vI g >EK:

Y, =0.05

ZTF / BlackGEM /I\_E

> FRHPRFR: > 22mag

> AT > 2 cycle/hr

> EECHEE: < 0.5 hr / (100deg?/FoV) =

> EURRGEESRT: > 1 hour (Bt CTERED) JA 7N
> IRIDIELEFES: < 30 min iy D 100

Time since merger (hr)

-ILREFC22 magZi@HM TS DNFRZEHIT D
-BRAGTEE(I~10"

A1) D OBRIDIESHERAZE (FRVNEDSHAELY
“EERTELIVDSERHBECEDCE

30




T2Y

— .~ - — Detector Size QE@UV Rad-hard  Support
® =V 3> EXRMNS.. Canon CMOS O X A A
> EMmERST CCD or CMOS SONY €MOS O X X X
— - CCD b
> [ILREDEHT—>TA—Y WV b Hamalzlﬂatsu A O A O
> Q.E. > 60-80% @NUV E2V CCD o o . ,
Caltech CCD O O @) O

i

& ZE5E{E%: Caltech CCD

> HFREL: 2k x 2k pixels

> AL X 31mm x 31mm

> Q.E.: 60~80@NUV(BI)

> BEEE: 3 e /pix/hour@-110°C
> A UiS: 2 e (RMS)

ULTRASAT OO NIA TARFP 2SI TIRHELUTEDZD
(%8E(F+53)
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*ﬁL_I BE??O)J U % :|5 D

& UVOT/Swift (®300mm) DIEIRZEEE U
& OIEDDFZE
> R 200mm (JXXHMSDHIR)
> BiE3E:  70% (Requirement) %l
> Q.E.: 80% (Caltech’s UV-CCD) 0on 16004 . M ARAE 32008
> ME: —
- A UME(RMS):15.5 e- (5s x 60 frames)
- EER@-30°C: 790 e-/pixel/300s
> K& (airglow € GALEXDIBERMS...):
- Airglow (B2 D5 EHMKIF ) : ~78.6 [ph/s/cm2/str/A] (-6<L.T<+6h)
- Airglow (KB AIKFE): ~675 [ph/s/cm2/str/A] (120<S.A.180 )
- HEBEY: ~800 [ph/s/cm2/str/A] (EELUS})
=> 97 e-/pix/300s(HIZ) / ~ 1000 e-/pix/300s (HIR)

200-300 nm, 300sEIETT
= 22.5 mag (BEE)
=< 21.6 mag (BERE) (U, BHENRREEDY ME{RE)
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%%gd)uﬂn

¢ =3 ERE/ RDFHINS:
> EEOF: < ©200 mm  => 225 RRHT B/HDENEIR 300 s UL

> HEF: > 17 deg? <= 100 deg? = (30min/300s)
> HmlER: < 430 mm (CCDHAXEREFHS)
> PSF: 15um (~2 pixel ¢« FHEELXFT D)

® N—AERBTHADEE:
> REERFHE: EERMNMEVE (40cm)
= Riccardi-Honders}t:¥%*
> D200mm (F3.0) / 805H

Dichroic mirror

& EE Attitud
N o i i itude
> THMZE BK7 = $B9MET L — RiariAR Reccardi-Honders OPTI UVCCI sensor

> FEESL 600mm (10FEAE) = 430 mm (RQ0FEAE - 5L EEUED)

EE  BARAREEZAVCOERX70%@200~300nm(E TIFBRREBE L
BIE2MIDE - MIRIRIEZERSNTUVDIREE (O Y MNRFE D TRLWTE)



Preliminary

¢RI (CTCEZEDO@2017-11

1100 mm

OBJ: 0.0000 (deq) OBJ: 1.2000 (de
‘-",.:.',',

g e :‘ﬁ":

i @& o

ol ey

my R4

IMA: 0.000 mm IMA: 8.800 mm

o

3.0000 (de

2+0.2
2=0.212
2+0.225
2 0.238
2=0.25

~

~

Bl: 2.1000 (deg) OBJ:

s  Fa

- o
D) L.
O~ .
- -
e (et
“ .
v u +

IMAT 15.399 mm

\;E\

(

—

(XY
—

—

T Surface: IMA

ayout Spot Diagram
ey Tl = Cesc2 OFFICINA STELLARE RH OV 420mm 7.7 - Case 1 OFFIC L
21-Oce-17 N 21-0ct-17 Paolo Spand
Total Axial Length: 240.14689 mm Paolo Spand lFlniﬁ are um. Legendlitems re;er to H‘a\3/e'lengths4

1€ z
RH-UV_160F2.6_250-300nm_001. zmx RMS radius -  2.271 .3.541 4.623 _4.815
; ; GEO radius - _ 5.032 10.587 12.358 13.719 2.6_200-230nm_004.. zmx
Configuration 1 of 1 Box width - 30 Reference : Centroid Configuration 1 of 1

L. COL > XHER+HREFEIBIEL

b
[=|
100\

BEBR(IHXT70%EN, Rom TDEME U (EIMEDFY A

FAO—XDFR«??)
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> —S =

¢ K&E - B >0 (BRFHER - (ERKREFAEHR)

> BBk @ 24 bit
> RS 12 bit x 2 (x 5 points)
> RIDEIEER: 8 bit

Total: ~146 bit (~18 Byte)
CDRRTIEFAUZDA SBDZEE (FRIRFED ERLDHHD)

¢ SEEE0ER (E)
>

Rawr —7%4: 2064 %2046 pixel x 16bit = 8 MB/frame + Header
> BREHE: 10 sec x 6 frame (& Cosmic-ray subtraction)
> EFROYIDH U
- RAEE: 5~10 (&K + SIRE)
- I LYAX: 50x50 pixel (5 kByte/sub-region)
- AW —: ~1 kB (BAZ+ A + 58E,,,)

S—4L—bk ~ 50 kByte /min

o EURIF R Z 1HSD 2D 108 &E U T
FL XA RNJUDEZ(E ~30 Mbyte/day (S/\> RTEIUNBIEE)
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SATALABRFTESD

Mission Life

>3 yr (o< 1/MNV Coverage, ~3yr for 1 str)

Orbit

Twilight orbit (Sun synchronous is also acceptable)
Altitude ~ 500 km

Thermal Structure

D200 UV telescope & Detector Temp < —302C

Electric Power System

enables 1 hour observation without Sun light

Attitude Control &
Determination

Pointing accuracy : 30 arcmin
Attitude determination accuracy : 10 arcsec
Attitude stability : 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
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OF©200mm « £400mmOETEIFRE Z 8] & M LiAsH D Z & (CRID

TOP PANEL

[

Telescope Star tracker

S-band antenna

GNSS antenna

S-band distributor

Electric box .

Buttery assembly

Reaction wheel

BASE PAN EL/

UHF antenna

=)+ 44.1 kg
~THiE: 500x500x500
H-IIA piggy backT3I5 LIFol&E
(H-IIAD —BEMH4ZDOVDT. foOs v MIEEZEWEZVLENDS)



(YL S 1/ ——
- P ~ =1=1
@ HEE

I)?\%DRD

5] 42.2 W EEEsA @ —_RIEIE— R

mission life > 3 yr

) mms=

> =G> 2v)L - Sv> AR

> FIELZTES

g tLEE
> EMCORE

L/XX (JNREXE 22ViZE)

AT], 15 E% 8 a5l JCR)LME, 53R 27.5%

> FEBH gpo. 119 W > B3R 96.1 W

. % 3xXEOL(1

0£F), 90°C, XFz1EMO.R20deg, Ef 3553/HER 6090 =18

Ny FU—EE
> UFIOALAAARIT—2REM(EEmR, 6 B3 Ai5)

> §§@BOL

180 Wh > Z3k 170 Wh

X DOD 20 %LUF, &R TOEH - =516 20 % @ EOLZIEE
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BAA, =3 L —> 3>

® RAEZSRALH... TxﬁLwﬁﬁﬁvtﬂﬁ“%(ﬁ)
& NAEZRALE... U773 ViRkA4—)
(LnLHT%\//ayﬁﬁbtmtm5®ﬁ$%)
& RE) - BELOINH... VP I aviR14—I
Software in Loop Simulation
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—— Error Angle|

| |
o N - > o)

.s
s
ans®
ws
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Angular Velocity [deg/sec]

Y
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Kl
itk
5
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e

fl'imes[secis 7 8 9
AEL BIL O (IHIBRENTWLBNY, E DU IREN) (FERE SN TULVRL)
10MAE (IR DEE LU EDIEHE
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O|iREx 5

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

Iridium

2016 JST Iridium SBD Available Time Period @ 05/30

o _ ina I H RN i [ | [
‘ S-band - Iridium
00:00 00:30 01:00 01:30 02:00 02:30 03:00 03:30 04:00
il || | Il | H NIl N
04:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08:00

1 USDARBEGCTHRIBRREN, JFAIRNZ ilFR, oo
SES (> AP - BPF/{85058 AT HIS CRE R
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18H CW down | UHF down S down S up VHF up

[ERE MHz 430 430 2200 2000 144

BEARK Morse AFSK NRZ-BPSK | PSK-PM AFSK

EERT W 0.1 0.8 0.3 10.0 50.0
EERIGTEE dB -1.0 -1.0 -4.0 -3.0 -2.1
REET7TFHFE=OT4 dB i 2.0 2.0 6.8 36.0 9.3
EETUTFTFRA T4 BR dB -7.0 -7.0 -3.0 -1.0 -30
i£{EERP dBW -16.0 -1.0 =54 42.0 20.6
NESE km 550.0 550.0 550.0 550.0 550.0
=R deg 5.0 90.0 50 5.0 5.0
xRB{ERH km 22059 550.0 2205.9 22059 22059
BHZTMEEX dB -1520 -139.9 -166.2 -165.3 -1425
&L dB 0.0 0.0 0.0 00 00
RE AR dB -3.0 -3.0 00 00 =30
ASIRIRIE K dB -0.2 -0.2 -0.3 -0.3 -0.2
{EEFRERIE R dB -155.2 -143.1 -166.4 -165.6 -145.7
RETTTFE=OT4> dB i 19.0 19.0 36.0 6.0 19.0
RETTFRA T4 0R dB -3.0 -3.0 0.0 -10.0 -1.0
IR EIRIB L dB -15 -15 -1.0 -15 -15
FoTFH/ARBE K 300.0 300.0 300.0 300.0 500.0
IR ERRE K 313.0 3130 3130 3130 3130
LNAZEEHE 5 NF) @290K dB 0.5 0.5 0.5 1.5 1.5
SATLME/Hz dBK 25.3 25.3 25.3 26.3 275
ZEGT dBK -10.8 -10.8 9.7 -31.8 -11.0
ZE5KEb/NO dB 99 99 99 10.8 10.8
N—FI)I741kE dB 25 25 25 25 25
TELFE dB 0.0 00 b2 3.1 0.0
EET—2L—Lt sps 10 1200 400000 1000 1200
LEREX dB 0.0 15 0.0 0.0 0.0
E3RGC/NO dBHz 224 447 63.2 40.2 441
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20175 & 20184 R 20194 20204 %
AM DR ASRR ASDR ABR#E AFitChect APDR AEM ##& AGDR
VATLA Phase A Phase B Phase D
’f&:/ '\ 7% =L = S —_— == == s = =3 == s
e RDERET| O R T LERET BBM EARERET EM &iE - 51 SFHER AT FM &&
EXaT
R [ coDitEsuxs®E [ CCDMRESFE | [ CCOAIEBORM-FE [ EMEE | [ EM Mg |
- AGCD 33E AR - WERE ACCD £175E ARERE S e
oo svyvay| [ okEEs | BHEE | [AEREREE| | FFRE | [weEE] | . WERRITY 7 b 7RIS
HER #®at AEEREE - BT  ARERT AEE ARERT & STl R
3. AR 2 EWER - mmERE | [ ENEE |
= AMBRE ALEGHEA LI ARBRWEERR  ANERE ASKEAET  AENBIEEL

ADCS C&DH Comm EPS Structure Science IFIEHER St
60005 MH 300/H5H 1300H5H 16004H 2100/4H 3000HH 600ARH 1.5(EM

514 M EFTIL—ROTERXDT. EM+FM T3fEdr> CTHBERLULET
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2006
Cute-1.7

¢ By
> Buy - 7oy - IHVVEIZEDEIR

& 154 TCubeh550kg

> CAN Sat (1999~)
> Cube Sat (2003, 2006, 2008)
> 50 kgf% TSUBAME 2014

¢ BNEDOSTIIMDXER

> HROBEOEMITBINREGE = T ——

> BAIL50kgiBITTREEILIC K ol T /
> (DIFHESH50KgRIITFERRZ) |3 °
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CubesatDit5?

T B @
e ¢ ¢

GOMSPACE = 6 HYPERION TECHNOLOGIES = L 431 (0)15 - 5160905

# Products Services Aboutus News Partners  ContactUs

Products

Amtude Cortrel  Amitude Determination  Integrated ADCS  Navigation  Payioacs & Duta Processing

Propdsion  Satelits Platforms

GomSpace's systems for cubesats and ‘ w l t 5’ S—

nanosatelites integrate as plug-and-play
solutices and allow you to concentrate on

mission objectives! SE200 Sun Sermor. Amute PZO0 Propsior Mod.de GABS200 (ot Newigason

determinaton st Litwsme axtormon andt Pecener Mrwtira ow

rprecederas wmal vie raneaverng for 3-12U

and power conmamption Pt

Our Strengths

* We ship more than 1000
subsystems yearly to customers in
more than 50 countries

* Owr products are devekoped,
qualified and in-orbit validated
through our GOMX fight test
ocoeram

-
v

! ‘ W :
illll e L4 -
~sIGN TTER .
-UP FOR OUR NEWSLETTER > oot \ac 4 -

® SEDMOTIPLOCubesat7 0> MHEIREND
& JIAXAN'3U/6UDISSHE ZRIE (F> TRVDIEEARATZT)
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Cubesat VS 50 kg-sat
e | tsueawe

I FERAME 2~3 yr ~5 yr

EH ~3000/2 ~5{=
RAO—k 5kg, 10 W 15kg, 15W
EE=YAWS 5 kg, 20x10x10 cm3 50 kg, 50x50x50 cm3
HERAS ~15 A (KZERE) ~15 A (KRZEBRE)
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Down sizing®Di&sd

Q®6UTHEILM?
> 1 ©200mm = ®80mm
> TEITEFEZRTOUICINE D

50kg sat 6U cubesat

Energy band 225 ~ 275 nm (TBD)
Detection limit ~ 22 mag,g ~20 mag,g
Exposure 600 s 1000 s
Survey area 100 degree? 100 degree?
Cadence 2 hrt 1 hrt
Delay of Alert < 30 min from the detection

Event rate

-Shock breakouts: 30 yrt 3yrt
-Tidal disruptions: 20 yrt 2 yrt

® IR KL—MI—HTTFHDN. H—THRENDDIESEIIRLN?
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BE)\ADIREY

Mass 50 kg 10 kg (?)

Size 50x50x50cm 10x20x30cm

Consumed Power 42.2 W @ Maximum 20 W (TBD)

Power Generation 120 W 60 W (TBD)

Battery 180 Wh 90 Wh (TBD)

Payload 15 kg, 20 x 20 x 30 cm 5 kg, 10 x 20 x 20 (TBD)

Torquer: MTQ + RW + VSAC Torquer: MTQ + RW

ADCS Sensor: STT, Sun, Magnetometer, Sensor: STT, Sun, Magnetometer,
MEMS/FOG Gyro MEMS Gyro

Cost (w/o launch) ~55F, ~3(E ~34F, ~5000/5

HFEANE ANFEBE ~150 RERE ~15A

® AR hL—hEORM—HTTND
¢ KL AGBREERR) 2D, TF | IEXDZVVEFZ
> (CubeZ2ifFOREDNRTE, JNRDU\—BILETED)
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B R BnBF
o iR

> UV I DERELE (LY - R—E>D)

» BI-CMOSZHFEH@IPL

> I\w o7y ITTZ> = GPIXELE UV grade CMOS
¢ BPF

> BIREEABEE

> (&FNE,. 200~300nm7ZIFHEL. 300~1000nmZT OV I BDITHVRDE L))
> Si Y EADZERARD—F + > J#ti@IPL
® tFEXR
> CaF, + BRIARTOBHLU (SEEEMREET)
> CaF,L > XDME - MEEERSFHE (SEEER)
> SEMERR (BRIMITOREMENEEHRZH)

& 1% 5> — U8
> BEHEEETEHOBmERS (EHEII1S A (CERE)
> EERINY T O (EFEILASTIRES)
2 E]E/ (X
HEGET oY &E-20°CETIHAD - HER

:&*’“%'Jﬁﬂ%/\l L—>3> (BiEsdtissh) - VI DT
> BERYINDTY - B FEENEAS X5 A (BiERMid D)

- BT/ 7S — R AT A

51



= el )

& RO RIMRLREF D — XA FEZHFEF

® 55wV bk
» GW Counterparts
> SN Shock Breakouts

» Tidal Disruption Events
> . CNAAESOAENWDIOAS MHB OSBRI TIIZEW

& FELET
> 20165FE 50kgii COMEE%ET= 20165 FENGTAKERTE
> 20174E 6U CubesatiCitiE#a/)y (3% HETHDOZD)

& SEEZEIRCFEHMRG/WGDILE LITHEE
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Rt IERE

&®Preliminary

Exposure Photon Frame Num  NET ReadN NET Dark  Foreground Total Noise LimitMag@5c
300.00 31.35 30.00 10.95 166.67 52.48 41.78 19.44

600.00 62.70 60.00 15.49 333.33 104.96 59.09 19.82

900.00 94.05 90.00 18.97 500.00 157.43 72.37 20.04

1200.00 125.40 120.00 21.91 666.67 209.91 83.56 20.19

1500.00 156.75 150.00 24.49 833.33 262.39 93.42 20.31

1800.00 188.10 180.00 26.83 1000.00 314.87 102.34 20.41

2000.00 209.00 200.00 28.28 1111.11 349.85 107.88 20.47
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TSUBAME & 8#4f

Why we failed system What kind of technology we lacked? Management Issues
Design  Structure

Thermal
Design
6%

Software
Design
3%

Structure
0%
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