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& NS-NS merger
> r-J O ATRERK
» kilonova (macronova)

& ENHNEBEVNWDSETILEDD
> free neutron beta-decay (Metzger et al. 2015)
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Summary: UV emission from NS mergers

by M. Tanaka
: AB Mag AB Mag
Timescale |Wavelengths Note
! VEIENES | & 100 Mpc| @ 200 Mpc
Early thermal | ~ 15 min 0, ~26 ~27.5 Joorapid
cooling
Early ~1sec uv e e Dzrr)rfgii;’(c) n
non-thermal @ 1hr @ 1hr ]
density




Survey with Hibari

22.5 mag - 100 deg? every 1 hr by M. Tanaka
=> ~ 100 supernova detections / year

Uniqueness
- UV wavelength
- Continuous coverage

UV brightness Wind breakout

Breakout '
Cooling

More interesting with
- coordinated (optical)
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» Active Galactic Nuclei, etc. Yi Cao et al. 2015
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%91\'%7?% O)ﬁ%é\*ﬁ _.. from Wikipedia

Ultraviolet space telescopes [ edit]

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

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

» ASTROSAT (28")

> ULTRASAT (210 deg? 21.5mag 900s)

565mm.

=

AEEEEEERRDN

- Far Ultraviolet Camera/Spectrograph on Apollo 16 (April 1972)

+ 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
+ == - Astronomical Netherlands Satellite (150-330 nm, 1974-76)

+ ESA - International Ultraviolet Explorer (115-320 nm spectra, 1978-96)

- 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

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

- Hopkins Ultraviolet Telescope (flew in 1990 and 1995)
- ROSAT xUVI2l (17-210eV) (30-6 nm, 1990-1999)

- Far Ultraviolet Spectroscopic Explorer, 1999-2007

- Galaxy Evolution Explorer, 2003-2012

H{mmmmmjmmm

- Public Telescope (PST)IBI418] (100-180 nm, Launch planned 2019)
- Astrosat (130-530 nm, launched in September 2015)

550mm

Caltech/JPL/Israel

Tokyo Tech small satellite team

ENR(—BEZRDIEDWN) [CHRIHTEESEDIZULTRASATDH
+  ULTRASATF—ATEEHDOEMEZRL T
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Mission Sequence:
Arrival of Gravitational Wave

N—— . BRAL
\_/ /, . TS—NES

Ground Station

TokyoTech



Command uplink for follow-up Obs

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



T|I|ng observation #1

OV > RRER. BEEEL CERAIR
BNEFERAIS - U > JERI(C(IREREBHHNnE




Tiling observation #2
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Tiling observation #3
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Alert to the Ground station

o i EAUVRAIRIDRIRERIX
. CNEEEHEGNANE



Multi—messenger astronomy

Satellites for X, y, UV

it I SByemis
-GROWTH
-JGEM
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—HXFDEUWENBRXAEDOIREZBEIRE TS :
> 1 NS-NS merger/yr ({RE10 NS merger yr1)

® 55—

> Error-circle: > 100 deg?

> Rise time: < 1hr

> Flux: > 22 mag

» Position Accuracy: < 10" \

\ 21 T T -
g 22 Y 0.05

‘ E\\J\\/a \/ESR: §23 ZTF / BlackGEM /r_

> TRHEPRFR: > 22mag S '

> TATX: > 2 cycle/hr a

> EEISR: < 0.5 hr / (100deg?/FoV) £ ,; P

> BDAMKEISEE: > 1 hour (BHOH CEE) < I/85

> IRIDIELEFES: < 30 min ®o1

Time since merger (hr)

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

A1) D OBRIDIESHERAZE (FRVNEDSHAELY
“EERTELIVDSERHBECEDCE
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Shock BreakoutZ=i®Ed & ...

10*
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102
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Survey area Q) _, _[degree?]

Limiting magnitude [nJy]
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Limiting magnitude m_, [mag]
Based on Tominaga et al. 2011

ENERIREERENSA3EM L ?
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~ A r——
o thETFE
Detector Size QE@UV Rad-hard Support
‘ E\y :/3 \/ESRD\B Canon CMOS o X A A
> EMmIES CCD or CMOS SONY CMOS o X x X
> BETFOEHS—STA—IY N homamatsu & ° A 0
» Q.E. > 60-80% @NUV E2V CCD ° ° ? ?
Caltech CCD o o o o
& Z508{®R##H: Caltech CCD
> HFRE: 2k x 2k pixels
> 1 X: 31mm x 31mm
> Q.E.: 60~80@NUV(BI)
> BEEE: 3 e /pix/hour@-110°C
> it UE: 2 e (RMS)

ULTRASAT O 0O A TARTVZ L TESZD
(£EE(E+53)
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*ﬁL_I BE??O)J U % :|5 D

& UVOT/Swift (®300mm) DIFIRZEAEE U™
& OIEDDFZE
> R 200mm (JXXHMSDHIR)
> FEIEE: 70% (Requirement) S
» Q.E.:  80% (Caltech’s UV-CCD) o0~ 16008 o AkoE 32008
> ME:
- A UME(RMS):15.5 e- (5s x 60 frames)
- EER@-30°C: 790 e-/pixel/300s
> K&JE (airglow € GALEXDIBHN5...):
- Airglow (B2 5 EHMKIF ) : ~78.6 [ph/s/cm2/str/A] (-6<L.T<+6h)
- Airglow (K[ 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)uﬂu-l_ (H?E\

¢ =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

* ez _ o
. e . itude
> THMZEE BK7 > R9MET L — Riapiae Reccardi-Honders OPTL UVCCI sensor

> fEESIE 600mm (10FEAE) = 430 mm ROEAE - 5L EEUED)

EE  BARAREEZAVCOERX70%@200~300nm(E TIFBRREBE L
BIE2MIDE - MIRIRIEZERSNTUVDIREE (O Y MNRFE D TRLWTE)
J4IVF— 14004V OS5 —Dx%:t=/iE (SHEBBODMNRDIFE)
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> — 58

€ Alert(uplink) / Detection Notice(downlink)
> Time : 24 bit
» Coordinate: 12 bit x 2 (x 5 points)
» Magnitude: 8 bit

Total: ~146 bit (~18 Byte)
AU LA\BELRREDOHFA (CNEFvL 2220 THD)

& EiHT—5
> RawT—%4: 2064x2046 pixel x 16bit = 8 MB/frame + Header
> BRENE: 10 sec x 6 frame (& Cosmic-ray subtraction)
> BEIROYIDE L
- RARER 5~10 (I&fRKN + SHRE)
- I LYAX: 50x50 pixel (5 kByte/sub-region)
- AWYH—: ~1 kB (BAZ+ A + 58E,,,)

S—4L—bk ~ 50 kByte /min

o] ZE 1 S ZD 1065/ & LT
FLAMJUDBEE(E ~30 Mbyte/day (S/\> RTEIUNATEE)
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ZEHXRFRIM (BEAYIROITP)

L Frehjae
> WATA(CEE LW EEER L TULD
> = = /3 /Ey_Lli(L_F;'abéc_t:E)nuuﬂtbtb\5

& ReH
> FE (EfRED5IE - hAOTIRERE)
> DFEEED (27 —2AIEELEERVDOTIT ZHNENDXFIAE)
> CPU - XEUMNEDRW? (BDTzEULTHRLENDSN ?)
> RIE[CENS BV D ? (RIERT TR CTHEENESTENDN)
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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

25



Success Criteria

T

 Demonstration of UV-CCD in orbit
minimum « Demonstration of onboard data
success analysis (Electronics/Software)

 The world first WF-NUV survey
* GW/neutrino follow-up observation
(flux upper limit in NUV band)

Full
success

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

Extra
success

Challenging
mission

« UV observation utilizing VSAC

26
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OF©200mm « £400mmOETEIFRE Z 8] & M LiAsH D Z & (CRID

Telescope Star tracker

S-band antenna

TOP PANEL

[

S-band distributor

Electric box

Buttery assembly

Reaction wheel

BASE PAN ELf

UHF antenna

=)+ 44.1 kg
~THiE: 500x500x500
H-IIA piggy backT3I5 LIFol&E
(H-IIAD —BEMH4ZDOVDT. foOs v MIEEZEWEZVLENDS)
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1B{E[0l#RENE

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

F al H B
‘ S-band - Iridium i a | H niene I
00:00 00:30 01:30 02:00 02:30 03:00 00

01:00 03:30 04
' ul . 1 I ® i nm
04:00 04:30 05:00 05:30 06:00 06:30 07:00 07:30 08-00
Y = == Nagata et al. 2015
(U AFTNH SREERZIT D FIE soaacta

S® T2 A8 - BPF/{ERes3FENE (CRER
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FFEETIE

alll

€ Schedule

Year 2016 2017 2018 2019 2020
Month ~3 4]5[6[7]8]9fwfu]i2]1]2]3[4]s]6]7]8][9wfu]12]1][2]3[4]5s]6[7]8]09w0]11]12]1[2]3][4]5]6][7]8]9]r0]11]12]1]2]3
AMDR ASRR ASDR AElec Integ AFitCheck APDR AEM Integ ACDR
System Evt Phase A Phase B Phase D
Consept Dsgn | Consept Dsgn2 System Dsgn BBM devlp/test|Preliminary Design EM manuf |EM evaluation Critical Design FM manuf |FM test]
Dtector |Consept Dsgn ICCD evaluation | Devlp CCD drv/DAQ I EM Dsgn | |EM manf |
o /\Ordering CCD AOvdenng Electronics A Oder FM-CCD AManuf Integ Test of Backup(pFM) Calibration
Ontics Mission |0pt Dsgnl |Opt testl | | env test | |Opt Dsgnl | |Test2 | mission com Software Development
P P P
Dsgn AOrder AOrder Sample AOrder AOrder
H [ EM-Thrm/MechDsgn | [EM Manuf |
erm/Mech
Aorder Ainteg test /A mech test AEM order Alntegration /AEM checkout
Year 2004~ 2009 2010 2011 2012 2013
Month 9 Jrofurfi2]r 2 [3 [4 |5 J6 [7 [8 o [r0arfi2]1r [2 [3 [4 [5 6 [7 [8 Jo JroJuafi2]r [2 [3 [4a [5 [6 [7 [8 o Jofuafriz]1 ]2 3[4 [s J6 [7 [8
AGot Fund APDR AlaunchDatel AlLaunchDate2
Pre Phase A Phase B Phase D
TSUBAME Consept Dsgn  [Sys Dsgn Prelnmmary Dsgn M man EM test Critical Dsgn M manyFMiTest  VWError in EPS VEPS Noise  VErrorin RF
BBM |Pre||m|nary Desgn | EM test | | FM Manuf | |Software Development & Debug
AEM thermVac AEM Elec Integ AFM Integl AFM Th-Vac Test AFM Integ2
Electronics BBM WBM BBM | |Criteical Design | pFM manuf/tests | FM manuf | |Software Development
Mission Thrm/Mech EM Structure I EM Str test I | FM dsgn FM test |
/ABBM Beam Test WHV discharge WPMT brok /ABeamTest AV-test Pass  Afinal Integ AFM BeamTest

& Cost of Development

ADCS C&DH Comm EPS  Structure Science IHIEHER &t
600045 M 300/H5MH 1300/5F 1600/4H 2100/AH 30005 600/RH 1.5(8HM

15 EF ~ 20217 (H—IIA, epsilon, Indian or Russian Rockets)

RAAEER ~ Y—>21AH THRI2{E 20



& ZOMERIRBERENEEGEZRE - %52 XK

® T—Twv KX
> BEIIRAIERIAR (NS-NS MergerhSDHET)
> SN Shock breakouts, Ia-SNe, #7/5i51%E, AGNe etc

® HATI> RO OCRIOSAFTI)
> FHEI1EI_EDNS-NS mergerBIBFERAl
> FEEIE{E D shock breakoutst&it

& K
> W25REt (BB—R) = O F A MERS
> ﬂb—tw%mzozrvzozz
> BERIIIR—FRK> bORRICEF
> FEHIAOD—F>200)L—T1i5 EIF &R
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