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4 years ago in Budapest...
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UV Telescope

Attitude Control System

Battery Assembly CDH

Camera Box

Deployable Solar Array Panel

GPS ANT

φ55IRIDIUM ANT

RF-Trasceivers

φ110 IRIDIUM ANT

S-band ANT

UHF/VHF ANT

We proposed a 6U cubesat for transient survery in UV sky.
We had launched 2 satellites for technology demonstration.
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Frontier:  0.1 day after explosion 

中性子星合体 
ジェット起因

-23

-22

-21

-20

-19

-18

-17

-16

-15

-14

-13
 0.01  0.1  1  10  100

 1  10  100  1000

Ab
so

lu
te

 m
ag

ni
tu

de

Timescale (days)

Timescale (hr)

超新星ショック
ブレイクアウト 
 (表面)

超新星ショック 
ブレイクアウト 
 (星風)

紫外線

可視光線

赤外線

重力崩壊型 
超新星

超高輝度 
超新星

Ia型 
超新星

中性子星
合体

中性子星
合体

未開拓領域
絶
対
等
級

タイムスケール (日)

タイムスケール (時間)

NS-NS merger
(radio active decay)

NS-NS merger
(from Jet?)

UV

Optical

IR

CoreCollapse
SNe

Type-Ia
SNe

Super Lum
SNe

SN Shock 
Breakouts? 
(Dens wind)SN Shock 

Breakouts? 
( No wind)

Not observed!

Time Scale [day]

Ab
so

lu
te

 M
ag

ni
tu

de

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

Small telescopes still have advantages in flexible and quick observations
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Target1: Shock breakout of Core Collapse SNe
u flash from shock heated photosphare

u T~105 K => NUV~Soft-Xray

Tominaga+ (2009)

No. 1, 2009 PROPERTIES OF TYPE II PLATEAU SUPERNOVA SNLS-04D2dc L11

adopts variable Eddington factors, a gray transfer of γ -ray from
radioactive nuclei, local thermodynamic equilibrium (LTE)
ionization states, and a multigroup expansion opacity and
solves the time-dependent equations implicitly for the angular
moments of intensity averaged over fixed frequency bands
(for details, see Blinnikov et al. 2006 and references therein).
Multigroup radiative transfer is coupled with hydrodynamics,
which enables to acquire the spectral energy distributions
(SEDs) self-consistently. The color temperature of an SN is
estimated from a blackbody fitting of the SED. In this Letter, we
adopt 100 frequency bins dividing logarithmically from λ = 1 Å
to 5 × 104 Å; the large number of frequency bins allows us to
describe accurately a non-equilibrium continuum radiation.

A progenitor model is a non-rotating solar-metallicity star
constructed by a stellar evolution calculation (Umeda & Nomoto
2005). The calculation includes a metallicity-dependent mass
loss (Kudritzki 2000) and thus the presupernova model has a
self-consistent RpreSN, luminosity, temperature, envelope mass,
and total mass.9 Since the shock breakout and plateau depend on
Mej, E, and RpreSN (e.g., Eastman et al. 1994; Matzner & McKee
1999), our calculation achieves self-consistent multicolor LCs
from the shock breakout to plateau and tail. In this Letter, we
present an SN explosion of a star with a zero-age main-sequence
mass MZAMS = 20 M" having a presupernova mass MpreSN =
18.4 M", H envelope mass Menv = 13.4 M", and presupernova
radius RpreSN = 800 R". An extensive investigation will be
presented in a forthcoming paper.

3. COMPARISONS WITH OBSERVATIONS

Schawinski et al. (2008) and Gezari et al. (2008) found a UV
brightening at the SNLS-04D2dc position which lasts several
days from ∼15 days before the first SNLS observation. Although
the optical observation of the shock breakout is not available,
the UV-optical LCs of the shock breakout and plateau can be
compared with the synthetic multicolor LCs. We assume the
date of shock breakout to be 2453062.2 JD (t = 0) and compare
the model and observations with reference to the date. In this
Letter, the epochs are described in the observer frame.

The multigroup spherical radiation hydrodynamics calcula-
tion provides wavelength- and time-dependent fluxes at the SN
surface. When an SN is observed from a given direction, lights
from different parts of the SN surface are radiated at different
time and at different radii (for details, see Klein & Chevalier
1978; Imshennik et al. 1981; Ensman & Burrows 1992;
Blinnikov et al. 2002, 2003). Thus, we take into account a
light travel time correction and limb darkening in the Edding-
ton approximation (Klein & Chevalier 1978). Figure 1 shows
corrected wavelength-dependent luminosities Lλ for an SN IIP
model with MZAMS = 20 M" and E = 1.2 × 1051 erg.

The SED at t = 2 days is compared with synthetic non-
LTE spectrum (55.6 hr; Gezari et al. 2008, see also Dessart &
Hillier 2005) which gives similar optical color. Although the
epochs are different because of adopting different progenitor
models, the UV SED and spectrum derived from the independent
calculations are distinctly consistent. The consistency justifies
both theoretical calculations.

In order to predict multicolor observations from the mul-
ticolor theoretical model, the model lights are diluted,10 red-

9 We note that the presupernova progenitor structure depends on the
treatments of physics, e.g., rotation, mass loss, mixing length, and
overshooting (e.g., Limongi & Chieffi 2006).
10 The distance is derived with the five-year result of the Wilkinson Microwave
Anisotropy Probe (Komatsu et al. 2009).
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Figure 1. Top: sensitivity curves of multicolor bands (red: FUV-band, green:
NUV-band, blue: g-band, magenta: r-band, cyan: i-band, and black: z-band).
For illustration purpose, each filter band is blueshifted to the rest frame to
compensate for z = 0.185. Bottom: evolution of intrinsic SEDs of an SN IIP
model with MZAMS = 20 M" and E = 1.2 × 1051 erg at t = 0 day (red),
0.5 days (green), 2 days (blue), 10 days (magenta), 20 days (cyan), 50 days
(black), and 90 days (orange). A synthetic non-LTE spectrum is also shown
(violet; Gezari et al. 2008). The inset enlarges the UV emission at t = 0, 0.5,
and 2 days and the non-LTE spectrum.

shifted, reddened, and then convolved with the sensitivities of
the satellite and telescope (GALEX: Morrissey et al. 2005, 2007;
the MegaPrime/MegaCam on the Canada–France–Hawaii Tele-
scope (CFHT) for SNLS: Astier et al. 2006). For illustration
purpose, the sensitivity curves blueshifted to the rest frame
to compensate for z = 0.185 are shown in the top panel of
Figure 1. In this Letter, the bands are described in the observer
frame.

3.1. Ultraviolet Light Curves of Shock Breakout

The UV light allows for direct observations of the shock
breakout but is strongly reduced by extinction. Thus, it is crucial
to estimate correctly the extinction in the host galaxy and our
Galaxy. While the color excess of our Galaxy EB−V,Gal is taken
from Schlegel et al. (1998, EB−V,Gal = 0.02 mag), it is difficult
to estimate the color excess and thus extinction of the host
galaxy. Schawinski et al. (2008) estimates the color excess of
the host galaxy EB−V,host at the SN location from the Balmer
decrement as EB−V,host = 0.14 mag. However, they caution that
the uncertainty of the total extinction is as much as a factor of 2
and further note that the estimate from the empirical relation
of SNe IIP (Nugent et al. 2006) is consistent with both of
EB−V,host = 0.14 mag and 0.

Assuming the Small Magellanic Cloud (SMC) reddening law
for the host galaxy (Pei 1992) and EB−V,host = 0.14 mag, the
total extinction at the effective wavelengths of the far- and near-
UV (FUV and NUV) filters of the GALEX satellite are as large
as AFUV = 2.38 mag and ANUV = 1.51 mag, respectively.
Hereafter, we call these values “standard” extinction. Although

Time evolution of specturm
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Goal: Investigation of the final 10 years of massive stars

Unraveling the mystery of mass loss activities just before supernova explosion.

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

Thick stellar wind
Mass loss rate > 10-4 M◉/yr

Thin stellar wind
Mass loss rate < 10-5 M◉/yr
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We can investigate the mass loss activity of the last 10 years of 
massive stars from the lightcurves.
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GW170817 was BLUE
u The afterglow was BLUE in the very early phase!

Utsumi+ 2017

We still do NOT know the mechanism/origin of this blue emission !!
MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

GW170817
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Mission Requirements
Parameters Value Target

Wave band UV (< 300 nm) SN/GW
FoV 50 deg2 GW
Survay Area 200 deg2 SN

Sensitivity(magAB)

19 magAB/orbit

20 magAB/day
20 magAB/hr

SN(dim win)
SN(dens win)

GW
Cadence 1 hour SN

Data Downlink
Alert: within 1 hour
Image: within a day

SN/GW

Mission Concept: Wide and Shallow

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 7
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Comparison of FoVs

Russ et al. 2017

UVT/PETREL can cover the FoV of ZTF

ZTFPan STARRS

LSST

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 8



Sky coverage
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Orbital motion of 
Satellite

Galactic Plane

Visible Area
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FoV︓ 50 deg2 x 4 point tiling
Limitting mag︓
50 deg2 @ 20.5 mag/orbit
200 deg2 @ 20.5 mag/6.4 hr(=4 orbit)
The same fields are observed for 3 weeks

⇒3500 deg2 /yr will be observed



Expected Event rates

Targets Event rate

Core Collapse Supernovae

-Shock Breakout@Surface

-Shock Breakout@Wind

1 evt/yr（0.1d exp×200deg2 within 100 Mpc）
12 evt/yr（1d exp×200deg2 within 200 Mpc）

GW events（NS-NS）
-Assuming GW170817

-Without UV from Jet

0.4-16 evt/yr (1mag dimmer than the model)

0.1-4 evt/yr（2mag dimmer than the model）

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

• Intensive surveys for the nearby galaxies of LMC/M31 will be conducted.
• In addition, type-Ia SNe, novae, stellar flares, tidal disruption events, etc will be detected.
• we will carry out coordinated observation with ZTF, GROWTH, Tomo-e Gozen, OISTER.
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Detector
u Current Design: COTS BI-CMOS

Ø 11um pitch  2k x 2k
Ø Bit depth: 12 bit
Ø Readout noise ~2e RMS 
Ø Low cost  $5,000/sensor!!!

u Optical Blined UV filter
Ø Asahi Spectrum corp. designed 

a 14 layers of HfO2 filter for this mission.
Ø Can suppress redleak < 1/5000

in 300-1000nm
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Spectral Sensitivity Characteristics 

The curve below displays the spectral response for whole wavelengths of 200-1000nm. The measurement is done 
without glass-lid.  

 
Figure 15: Spectral response for GSENSE400BSI-UV 

The table below shows more details about the QE measurement results. 
Table 13 QE data for UV sensor 

Wavelength (nm) QE x FF (%) for 

GSENSE400BSI-UV 

200 16.70 

250 40.32 

275 77.02 

300 38.76 

350 53.60 

385 70.10 

400 60.30 

450 54.11 

500 58.03 

550 67.76 

600 68.48 

650 58.36 

700 55.85 

750 35.20 

800 27.60 

850 18.24 
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1000 5.83 
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PETEL UV band
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250~300 nm



Optical design

11:25:35

GE1507_91 Scale: 0.50      16-May-21 

50.00   MM   

1
1
:
2
6
:
3
6

0.000,0.000 MM
 0.00, 0.00

0.000,4.000 MM
 0.00, 0.25

0.000,8.000 MM
 0.00, 0.50

0.000,12.00 MM
 0.00, 0.75

0.000,16.00 MM
 0.00, 1.00

FIELD
POSITION

DEFOCUSING 0.00000
GE1507_91                               

.432E-01 MM

 100% =    0.046799

 RMS  =    0.013476

16-May-2021

 100% =    0.047309

 RMS  =    0.013284

 100% =    0.045775

 RMS  =    0.012720

 100% =    0.042879

 RMS  =    0.013574

 100% =    0.047318

 RMS  =    0.016003

D = 8 cm, f = 180 mm, FoV = 50 deg2

Plate scale = 12.7 arcs/pixel
PSF = 1.5 pix@FWHM
for 2k x 2k CMOS (11um pitch)
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Mechanical/Thermal Design

Radiator

X

Y
Z

UV Telescope Assy (Flight model)
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Satellite System
u Specification of the satellite

Parameter Value

Mission ・Hyper/Multi spectral Earth observation
・Ultraviolet Astronomical observation

Size/Structure 470×1300×480 / 2 deployable Solar array padle
Mass ＜65Kg

Power
Power generation︓150.7W
BTT︓9600mAh
Power cons: 30~50 W

Attitude Control STT-based zero-momentum 3-axis control

Commutnication
S-UP︓1Kbps(PSK)/S-DOWN︓100K〜100Kbps (BPSK)
X-DOWN︓20Mbps (QPSK)
Globalstar: 9 byte/packet (BPSK)

Data Recorder Mission data（SHU）︓64GBytex2
HK（DRU）︓2GByte

Mission Life ２yr（TBD)

ロケットインタフェース

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 15



Development
uEnvironmental Tests are undergoing.

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 16

Electrical integration test Thermal Vacuum TestFit check

Me



Prototype: HIBARI for technology demonstration

uLaunched in Nov. 2021
uKey technologies have been demonstrated in orbit.

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 17



Key1: Attitude Sensor(Star Tracker)
u We devloped a Star-tracker for this mission.
u ±5.7 arcs @ 3sigma (The Top-level accuracy in the world in this class.)

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

"Hibari" Attitude stability of the satellite depneds on this device.
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Key2: Transtmittor for Realtime communication
u Utilizing Globalstar network 
u Almost anywhere/anytime

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

We can send detection alerts within a few min from trigger from anywhere.
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Summary
u PETREL: a multi-purpose satellite developed by an academic-industrial alliance

Ø Night-time mission: UV Astronomy
Ø Day-time mission: Spectral imaging of Earth

u 8cm refractor with BI-CMOS => 20 magAB@250~300nm for 1800 s exposure
u FoV=50deg2, 100 deg2/orbit => 3500 deg2 survey/year
u Schedule

Ø June-2021: Preliminary Design Review
Ø Dec-2021: Critical Design Review
Ø Oct-2022: delta-CDR
Ø 4Q-2022: Final Integration/Environmental Tests
Ø 2Q-2023: Shipping
Ø 3Q-2023: Launch

Paper craft model
MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022 20

Petrel2 for Gamma and UV 
will be launched in 2026



Coverage of PETREL a day

MONITORING THE HIGH-ENERGY SKY WITH SMALL SATELLITES 2022

Gooonhilly

Nanyang Univ of Tech.

inet corp.@Yokohama

Tohoku Univ.@Sendai
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Configuration design
Component Layout（1/2)

MTQ-Z

MTQ-Y

X-TX

MTQ-CTR CDH-C
CDH-F

DRU
DHU

S-RX
S-TX

GYR-F

ACUC
ACUF
GYR-C

LCTF 
CIR

LCTF-VIS

HYP

LCTF-HR

STT-PZ

BULK +XSIDE +X

Zsc

Xsc Ysc
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STT-PY

Configuration design
Component Layout（2/2)

SAS-CTR

GASPCU UV CAM

SHU
RW-CTR

RW

UVTCNT

Zsc XscYsc

BATT

BULK -XSIDE -X
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Service area Academic organization Company

Satellite Component

Satellite Bus

Ground Stations, 
Operations

Drone & Airplane

Data Center & Software

Applications
-Oceanology
-Argonomy
-Environmentrogy

-Astrophysics
-Space Science
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組み合わせタイプ

シンボルロゴは、組み合わせタイプが厳密に定められており、推奨1パターン、バリエーション8パターンの計9通りでのみ使用可能です。

[ 推奨 ]
●シンボルマーク＋ロゴタイプ英文略称 天地

[ バリエーション ]

基本要素

●シンボルマーク単体

●シンボルマーク＋ロゴタイプ和文英文 左右 ●シンボルマーク＋ロゴタイプ和文 左右

●シンボルマーク＋ロゴタイプ英文 左右

●シンボルマーク＋ロゴタイプ英文略称 左右

●シンボルマーク＋ロゴタイプ和文 天地

●シンボルマーク＋

ロゴタイプ和文縦 天地

●シンボルマーク＋

ロゴタイプ和文英文 天地

3Astronomer

Earth Science

Engineering Guys
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