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UV technique: powerful tool with

many heritages

Ultraviolet observation technique can cover wide science fields from planetary science to astronomy

LAPUTA: a Japanese-leading UV space telescope

1) Solar system: uncover environments of planets/moons as -
the most quantifiable archetypes of. extraterrestrial habitabillity
2) Exoplanets: conduct transit Spectroscopy of exoplanetary
atmospheres to observe their environments - |

3) Nearby Universe: obtajn the unique UV map of th'e,"_ .

saseous large-scale structures (LSSs) to test the structure -
formation scenario of the A.cold dark matter (CDM) model

witness the first moments -of.'h.igh—energy events

4) Compact-object mergers and supernovae: conduct
the time-domain survey for transient sky in the UV wavelength to .|

Kaguya/UP| TEX (20092009

.. Hisaki/exceep (2013)

lombo-MPO/PHEBUS (2018




Goal 1: Solar system bodies Led by Fuminori Tsuchiya
and Tomoki Kimura

(1) First-ever continuous monitoring of the water plumes erupted from icy moons
(2) Long-term monitoring of energy flows in gas giants’ magnetosphere
=>» High sensitivity and high spatial resolution UV spectroscopy by Japan’s “own” telescope

Europa Water plumes: When? How often? -> Key information on sub-surface ocean
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Space telescope
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-Spectral range: 120-160nm with <1nm resolution
-Spatial resolution: 0.1 arc-sec

-Effective area: >200cm?2

-Field of view: >320 arc-sec

Auroral morphology reflects
magnetospheric dynamics
-> Energy flows to icy moons

[Felman et al., 2002]



Goal 1: Solar system bodies Led by Kei Masunaga

(3) How is atmospheric escape from terrestrial planets controlled by solar wind and solar UV flux?
=>» Long-term monitoring of atmospheric escape from Mars and Venus in a global view

Test the upper atmosphere and escape models with solar system observations

-> Close link to Goal 2 (exoplanetary environment)
-Spectral range: 105-140 nm with <1nm resolution

-Spatial resolution: ~1 arc-sec
-Effective area: >200cm?2
-Field of view: >200 arc-sec

Exosphere (O and H) and ion escape (C+ and N+)
can play a key role

Detection fea5|b|I|ty of Venus ion escape by Hisaki
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Goal 2: Characterization of exoplanetary environments Led by Shingo Kameda

UV transit observation to detect extremely expanded Oxygen and Hydrogen exosphere
=» (1) Distinguish Earth-like planets from Mars-/Venus-like planets
=>» (2) Distinguish super-Earths (w/o hydrogen atmosphere) from mini-Neptunes (with hydrogen atmosphere)

HZ of cool star: close to star -> High UV irradiation (> x10) [x104 4 _Proxima Centaurl
. ' —Before transit
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-Spectral range from <120nm to >135nm
(H Ly-a: 122nm, Ol: 130nm)
-Spectral resolution: <0.3nm

Black: Planet White: Star 300,000 km 'SenSitiVity Stabi“ty: <1%

The Earth-like planet has Participation to Russian UV space telescope WSO-UV
extended oxygen corona is on-going -> Goal 2 will be updated
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Goal 3: First Atlas of Gaseous Large-Scale Structures Led by Masami Ouchi

(1) What is the nature of dark matter?: the long-standing “missing satellite problem”
(2) What is the baryonic structure of the universe today?: the baryon physics/galaxy formation issue

=» Key: the large-scale structures of hydrogen gas in the nearby Universe via Lya emission and absorption
---Cosmology and Galaxy Formation Astronomy---

Milky way satellites expected by the Cold
Dark Matter model are about an order of
magnitude higher than those identified by
the observations

..........
bbbbbbbbbbb
galaxies
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Credit: Khee-Gan Lee (MPIA) [ * , Credit: NASA/ BSA / Hubble /.
and Casey Stark (UC Berkeley . ESO/ Lutz Wisotzki et al.

¥R OB B S W% [Boehm et al., 2014]
Vinax sat [km/s]

Specification requirements <To be updated>
Baseline survey: >100 deg? to ~ 24 mag

FoV: >0.1 deg?, Spectral range: 120—-190 nm
-Complement to SPHEREX 1) Lya Intensity

-HI tomography map - Imaging with a spatial res. of < 10”
-Comparing with SDSS, LSST, 2) Lya emitters (LAES)

R # 4 Roman/EUCLID : :
Galaxips th ", L o 2 / - Imaging/slitless spec (S 4” & R =10)

Gaseous Lar e Sc-gle Strure Ohtto://spherex.caltech.e
e |.|:'} -'h g I' d):]/SEie{ﬁcThtmI#Inlflatir;n 3) Lva Absorbers
redit:Matt Hayes e .
- Slitless/target spec (R =10/100)

[y e |.




Goal 4: Time-domain astronomy

(1) How are relativistic jets formed in extreme physical environment?: neutron star merger
(2) What happens in the last 10 years of stellar evolution?: supernovae
=» Detecting the first 1 hour of explosive transients in UV

Led by Masaomi Tanaka

(1) UV survey for GW source

First emit electromagnetic signals:
in the UV wavelength range

- 23 mag (AB) depth for 10 deg?

leutron star - Rapid data transfer to the ground

merger

Gravitational

Wave (GW) Multi-messenger
astronomy

(®) NéOJ/Nagoya U.

(2) UV survey for supernovae

-1 hour cadence

- 23 mag (AB) depth for 10 deg? -> 500 Mpc




Future plans and roadmaps
<Key techniques>

-Analyze each requirement _Detector

-Concept study of the telescope system and instruments s, wome mos dom
-Two designs: for S-class and M-class

-Clarify the key techniques for this mission and future

Target Goal 1 Goal 2 Goal 3 Goal 4
lcy moons Exoplanets | Gal/Cosmology | GW/supernovae | Photctrode - phosphorscreen T S o Topered
Slitless Imaging/ Funnel-type MCP , Standard MCP
Mode spectroscopy | Spectroscopy slitless Imaging — =5 Cose
(/Imaging) spectroscopy
Spectral range 120-160nm 120-135nm 120-190nm <300nm?
Spectral resolution <lnm <0.3nm <lnm TBD
Spatial resolution <0.2" - <4" TBD
Field of view >320 arc-sec - >0.3 deg? 100 deg2, 23 T h. - :
Effective area ’ -Lightweight mirror
(Sensitivity) >200 cm?2 >200 cm?2 24 Mag Mag(AB) in 1h _Tip-tilt/defocusing mechanism

UV space telescope with high sensitivity (>1m class)
» Demonstrations for Japan’s space telescope design/development

Participations to large missions (LUVOIR/HabEXx)



Specifications and preliminary design

Cassegrain telescope: D = 60 cm, effective f = 3600 cm Science instruments
1. Spectrograph
) 200 cm : Slit + Toroidal grating + MCP detector
Data type 2D spectral image (wavelength vs space)

Secondary mirror Primary mirror (F = 3) Slit wewersrt , (MCP) Effective area 125-350 cm2 (at 130 nm)
' (CM%S) It imager i . Spectral range 115-190 nm
»,.L_ : ‘_W|de FOV |mager Spectral resolution |<0.02 nm (at the slit center)
— - (MCPX4) Field of view 100" x 1-50"
= pectrograph Spatial resolution  [0.1" (at the slit center)
Toroidal grating . .
Detéctor  ng < 2. Wide FOV imager
Ot" order guiding camera
(MCP) Large-format MCP array (4 detectors)
Data type 2D image
Effective area 320-880 cm2

Sensitive spectral range [115-190 nm

Field of view

1010

Spatial resolution

& 1”

Supporting/option instruments

-Slit imager

. -0t order guiding camera (VIS)
-Slit viewer (VIS)

(UV)

-H/D absorption cell




Specifications and preliminary design

Spectrograph
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Field : 1 2 3 1 5

RMS radius : 24,386 19,025 15.911 16.880 24,384
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Resolution of <0.6” can be achieved at all FOV



Key technologies
* 60 cm telescope on a small-class scientific satellite bus

* Grating 0" order guiding system in the spectrograph: new concept

* To achieve high accuracy pointing with a 0.1” resolution, a field of view monitoring
camera is needed

* To minimize the alighment differences between the camera and UV spectrograph
detector, we plan to put the camera at the Oth-order position of the grating

¢ ngh SenSitiVity detector WSO-UV LAPUTA LUVOIR
* Funnel-MCP will be used in WSO-UV/UVSPEX Funnel-McCP
* High resolution detector >| Large format [—
: : CMOS-couple
* CMOS-coupled MCP will be used in WSO-UV/UVSPEX

* Large format detector

* Test model of large format (53 x 53 mm) funnel MCP is under evaluation
e -> Array of large funnel MCPs coupled with CMOS will be tested
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2. Large format:

MCP-array

Large funnel-MCE

-

-Test model is under

evaluation

3. High dynamic range and resolution: CMOS-co
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upled MCP

-Test model achieved dynamic range of >1011

and MCP-channel resolution (6 um)

licable coverage

-WSO0-UV/UVSPEX will use this technique
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Schedule

* Target class: JAXA M-class (52 /h\HY)

* Target launch: FY2029(-2030)

* -> We will apply to ISAS WG by the end of 2020

Phase Team Activity FY2020 |[FY2021 |FY2022 |FY2023 |FY2024 |FY2025 |FY2026 |[FY2027 |[FY2028 |FY2029 |[FX2030 |[FY2031
Mission consept study RG study  Concept study L1 'r\(/'e\'/(i:éavf’ls(#l)
Pre-phase A1 WG study Concept study Iﬁ Review (#2)
Pre-phase Alb WG + ISAS Accereration process 1
Pre-phase A
Pre-project Mission defenition YV MDR
Pre-phase A2 _ 1
candidate study 7 SRR
Phase Al Pre-project Concept design I
. VSDR
Phase A Pre-project _ o
Phase A2 . Project definition 1
+ industory Y/ PDR
Preliminary design [ |
Phase B Project and technology
completion Y CDR
_ Final design and |
Phase C Project _
fabrication W/ launch
System assembly, |
Phase D Project integration, and test,
launch
Initial and nominal
Phase E Project

operations
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v grrEnERAL

HST/ACS HST/WFC3 | HST/STIS HST/COS Swift ULTRASAT WSO-UVv CETUS CASTOR LAPUTA/ LAPUTA/
SBC uvis uvoT Spectrometer Imager

Mirror 0.3 m 0.13m 0.6-1m
size
Sensitivity ~27 mag* ~22.5 =24 22 mag 20-21 26-27 25.8

ESCAPE % B0

Effective 125-350 320-880

area

). BRIy ay (WSO-UVED) 2B 5 KBEZRNKREA
L DBEAT AU T4 2R BISOEEM. RIBEAIRIBEM) P
couton * SRIFT—ILICN L, A7 EY T AR AEED DD,

T3 MBI vy ay EMHERNAENE RS & D ICEBAR ————

0.1” 0.2-1”

Spectral

range 75: | 9&

(hm)

nm) (N)
Spectral R ~100 R~ 180 @ Ri R =3000- R =200 R~150 None R =1,000 None R= None R > 5000 None
resolution @150 nm 220 nm 30,000 — 20,000 (F) grism & 50,000 12,000
R =MN/AA prism grism 114,000 R =90 (N) -40,000
slitless Echelle grism
Period 2002- 2009- 1997- 2009- 2003- 2005- 20237 2025 2025? 20307 20267 2029

2013




