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* Earth orbiting uItravioIetv(UV) space telescope (v‘)\=1-190nr_'_n‘-, tI>.60cm)_ v
* A pre-project candidate of JAXA's M-classimnissio A%El_‘ill\ﬂ); .
* The next milestone: down selection in 2026 (TBD) |

L L Why NAOJ 7 (.
(1) Hapltaplg environments_in.the solar Sysi@ll . pocsible collaborNBna/ supports
(Jupiter’s icy moons & Wars/Venus)- ¢ . :
- i (1) Telescope design, review & test

(2) Exoplanet atmospher -
(3) Forination of presant-day galaxy: (2) Data center/Science center functions
| (3) Scientific activities

(4) Origin of the heavy element

* Four Scientific C")-bje_ctives

(C) ISAS & Tohoku Univ. =




2. Two science goals / 3. Four Scientific objectives

Goal1: habitable environments in the universe
/ Elements for the habitable environment |
Hydrogen, Oxygen, Carbon - Advantage of UV spectroscopy

iv@ 1) habitable environments in the solar system

(Objective 2) Exoplanet atmosphere

- First detection of uppfe(r at‘mbsphgre of
an Earth-like exoplanet .

¢

3

(C)NASA/GSFC (C) NASA/JPL-Caltech

Goal2: the orlgln of matter and space in the universe
~F
(Objectlve 3) F ~_r_nat'|on of present-day galaxy (Objective 4) Origin of The heavy

element

. Ublqwtousnes fLyO( halos

- Theph rigins of Lya halos (the Cold Streams) * The heavy element nucleosyIiESEIIsRIEULIon
e\k star mergers & Understan

Dekel etal. (2009) UV
astronomy




4. Science Investigations(FtEINEE T 5 %)

[1-1] lcy moons of giant planets: [2] Exoplanetary Atmospheres:
a second habitable environment Planets in the habitable zone Earth-like?

TRAPPIST-1 System

Physical properties of water plumes and auroras

- Current geological activity of icy moons | D
- Supply of chemical energy to moons — -
Water plume

on Europa \ . ;;,}h Star M' Exoplanet

(Roth et al. 2014) C) NASA/JPL Caltech

Observer

Transit observation with Ultraviolet'Spectroscopy:
Detection of upper atmosphere of terrestrial planets

500 R

©°§§R°8°8§§ZZE (1) First detection of expanded upper atmospheres (O, C)

) . — Discovery of habitable planet candidates
[1-2] Atmospheric escape of (2) First detection of a large outflow atmosphere (H)

Venus & Mars: Atmospheric evolution — understanding of planetary evolution
Global observations of H, O, and C (runaway greenhouse, etc.)
Ongoing atmospheric escape (3) High-energy radiation from central stars

& response to Sun and atmospheric variability (stellar flares, CME, etc.)
Atmospheric escape under past solar conditions — understanding of direct effects on atmospheres

Extension the knowledge to exoplanet




4. Science Investigations(FtEINEE T 5 %)

[3] Formation of present-day galaxy [4] Origin of The heavy element

Ubiquitousness of the Galactic Lya Halo Era of "Multi-messenger Astronomy"
- Presence of the Lya halo in gala>_<|es today? Observation of total spectral distribution of the
Large-Scale Structure of the Universe o . ]
~First Detection of "Cold Streams" in Galaxies radiation and its time evolution from neutron star
- Physical origin of the galactic Lya halo. mergers (within 3 hours from discovery)

- Understanding the Origin of Heavy Elements

-Basic structure of the material around galaxies. - Overall Picture of the Synthesis of Heavy Elements
-Verification of the galaxy formation process.
-Obtain ultraviolet atlas of galaxies.

Cold stream(prediction)
Electromagnetic

radiation

(C) ESA

i (C) NAOJ/Nagoya U.

Hayes et al. (2013) Dekel et al. (2009)




5. Instruments and data to be returned ..
(B8 L BIEEBT—4) -

Mission payload:

Mid-resolution spectrograph (MRS) - UV slit imager (UVSI) i

2870 s - 951

0t order monitoring UV spectrograph

camera . mid-resolution
] UV slitimager YV spectrograph
vl (high-resolution)
z Telescope _ . . Focal plane instruments : .
Mission payload Satellite bus

Fine Guidance Sensor




5. Instruments and data to be returned
(KB LHREGT—4)

Q@n s :
Twif]

Spectroqgraph data

- FOV : 100 arcsec

- Spectral range : 110-190 nm

- Spatial resolution : 0.1 arcsec

« Spectral resolution
Mid-resolution: 0.02 nm (6,500)
High-resolution: 0.003 nm (43,000)

Imaging data
- FOV : 180 arcsec
- Spectral range : 110-190 nm
Six bands selectable with filter wheel
- Spatial resolution : 0.2 arcsec

Spectral lines in 110nm-190nm (option : >100nm)
H(op)  H2(op)

OBJ1 "

S02 absoption

OBJ2

|

|

|

0 —* o1 |

OBJ3 1

OBJ4
I

1 100 110 120 130 140 150 160 170 180 190
RF 4%

57 wavelength [nm]

broad Ly-a. line




6. Originality and international competitiveness

<High sensitivity>

12% end-t d th hput (@130 nm HST VVE

end-to-end thro n

° ughput (@ ) Proposal-based Survey type telescope
<Fine angular & spectral resolutions> observatory Wide field

H Ly-a (only spectroscopy)

- 0.1 arcsec (diffraction limit) angular resolution S
ToO capability

with "pointing fluctuation cancelling system”

- MAA = 6,000 or 43,000 @ 130nm

LAPYUTA

- Dedicated platform for selected targets

High resolutions (spatial & spectral)

With the high sensitivity and high resolutions Monitoring capability
H Ly-a (both spectroscopy & imaging)
comparable sensitivity with HST, LAPYUTA enables ToO capability

« Dedicated platform for selected targets with enough

B d LAPYUTA — HW
observation time (OBJ 1-3) eyon — (o)

_ _ _ Key technologies developed by LAPYUTA
» Time of opportunity (ToO) operation (large format detector, grating, & mirror coating

(within 3 hours from trigger signals) (OBJ 4) for UV) will be applied for HWO.



6. Originality and international competitiveness

Point source sensitivity

1013 4

(counts/s/A) / (erg/cm2/s/A)

1012 4

—— LAPYUTA MRS
—— HST STIS G140M

1200 1300 1400 1500 1600 1700
Wavelength [A]

HST(STIS G140M) vs. LAPYUTA(MRS)
- Primary mirror diameter

HST: 2.4m, LAPYUTA: 0.6m ( x1/16)
* Throughput

Limiting flux [erg/cm2/s/A]

HST (STIS G140M): 2%, LAPYUTA (MRS): 12% (x 6)

[
4
Limiting flux (point source) for S/N=5, tau=3600.0[s] :;.'ff
B HST STIS G140M
BN LAPYUTA MRS
10715 1
RADEDIEIL
- BB/ A XOBEI LD

1200 1300 1400 1500 1600 1700 1800
Wavelength [A]

Comparable with the current HST/STIS performance
- Dark noise
- HST/STIS 1.1 — 96 counts/s/cm?
(STIS Instrument Handbook)
- LAPYUTA 0.7 — 11 counts /s/cm?
(Hisaki heritage)




7. Current Status FREDETEID A T—3 X)

« Selected as pre-project candidate of ISAS/JAXA M-class (25 E /M) mission
« Listed in “REDZ1iT ik EE7E

it O Fh R A B R

Solar system & planetary sciences (AARERFR, MIXEFHUS - HIIKXZEEFR. Ik - ZEEP?HR)
Astronomy & Astrophysics (KX « FEHYEZFIHE)

Phase Team Activi FY |FY |[FY |FY |FY |FY |(FY |FY |FY [FY |FY |FY [FY |FY |FY |FY
e ctivity 2021 2022 [2023 [2024 [2025 |2026 |2027 |2028 2029 2030 |2031 |2032 |2033 |2034 |2035 |2036
|
Pre-phase Ala WG Concept study (TBD)
WG , [ MDR
Pre-phase Alb ISAS Acceleration process
Pre-phase A2 Pre-pfoject Mission definition Beyond 2034:
candidate study .
Final stage of development
Phase Al Pre-project Concept design & Operation phase

Design of telescope
Phase A2 Rre-prOJect Planning definition BBM of focal plane instruments h
industory
Phase B Basic design (TBD)
J Launch
Phase C Detailed design
Project Facrication/ H
Phase D acricatio
ase Vertification
Phase E Initial & gomlnal
operations

Until 2033: Development phase

10



8. Cost assessments, budget line and status

 Cost !
Development & operation J
JAXA'’s project budget for “ISAS/JAXA M-class (>S5 EI/VE)”

Science center & part of data center:
JAXA'’s budget + Other institutes 75 million yen for 5 years (incl. 5 FTE)
(in the beginning of 2030’s)

e Current status

« Design of telescope & BBM development of focal plane instruments
JAXA’s Budget + JSPS Kakenhi (Kiban-A, B)

 Scientific activity
JSPS Kakenhi (Kiban-A, B, and Kokusai-B)

11



9. Project Organization (#E#) /

{ Development Operation Science center }
1 7 A 1
! JAXA [ JAXA A /4 N\
: CAPYUTA CAPYUTA Observation plan !
; ) for project LAPYUTA ;
i Project team !’ i ' — Science team i
. G g : Observation plan .
| Development round station in public slot |
| Management ‘v f !
: Oneration ofan Operation system Institutes outside JAXA !
| | |
: P P ¥ ‘i‘ Data center for ‘ :
1 . 1
i Telemetry server planetary science |
1 1
: \ 7\ Data center for !
: Technical Review astron. & astrophys. !
{ supports board ;

________________________________________________________________________

Sharing ATC's technology know-how Use of the da-ta center
in telescope development and ATC's functions of NAOJ
review to the LAPYUTA'’s design

J

Science community

12



10. Why NAOJ ?

(1) Heritage of telescope development J
» Use of ATC's measurement facilities and techniques.

« Sharing ATC's technology know-how in telescope development
and ATC's review to the LAPYUTA'’s design.

(2) Data center/Science center functions for astronomical data

(3) Scientific activities of LAPYUTA
for astronomy, astrophysics, exoplanet atmosphere

(Talks given by Ouchi-san and Ikoma-san)

13
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B -ty a R UVEX VS. LAPYUTA !

« A new NASA Medium Explorer LAPYUTAD ¥4 / |

mission - B fERE

- EOE OKR. BRER IO I 71 I)LOER)
+ An expected launch date in 2030 B/ 4R - EBEEN 7

- A wide-field, two-band imager FEZRULTMERE (BE - BE)
long, multi-width slit spectrometer
https://www.uvex.caltech.edu/ UVEX LAPYUTA
. Y—R_RaE E-AYHTE
Mlission Parameters (ﬁ%?@‘id)ﬁ%mﬁiﬂﬂ)

Science Mission Launch: 2030, duration 2 years 2032, 3 years

Imaging FOV 3.5° x 3.5° 3arcmin x 3 arcmin

Image Quality (HPD) < 225" 0.1”(spectrograph), 0.2” (imaging)
Imaging Bandpass FUV: 1390-1900 A

5 1100-1900A, six filters
NUV: 2030-2700 A

Sky Survey Depth > 25.8 mag (FUV and NUV)

Spectrograph 2°-long slit, multiple widths 100arcsec, multiple width

Spectrograph Bandpass 1150-2650 A 1100-1900A

Spectrograph Resolution R>1000 Av~ 150 km/s 2:22880((88(2):;%@1;32:‘?) jgg A ~ 40 km/s
Orbit Elliptical 17 R x 59 Rg, 13.7 days 1000km x 2000km

Instantaneous Sky Accessibility >70%

Average ToO Response < 3 hours <3 hours

© Caltech 23
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LT Observation Plan | ,,l

Baseline Time allocation plan /
« Solar system bodies: optimized by solar separation angle P

- Jupiter & Mars: around oppositions

- Venus: around maximum solar elongation angle ‘
 Exoplanets & Near-by Galaxies

- Unsuitable periods for the solar system bodies ‘
* Neutron star mergers, Supernova & Stellar flares

"Target of Opportunity”

with 24-hour operation campaign (3 months/year)
* Public slot (1-2 months/year) = Solar system bodies

Exsoplanets
Primary mission period : 3 years = Near-by Galaxies
The mission period will be extended up to 9 years m Public slot

mToO

25
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LAPYUTA : Concept

Ultraviolet Space Telescope

EUV spectroscope HISAKI (2013-2023) Hubble Space Telescope (sTis:1997-, c0s-20na.)
Time variable features of Mars/Venus/Jupiter Leading the ultraviolet astronomy

| =

~ Limitation: Sensitivity & spatial resolution Limitation: Low altitude & Machine tim

Difficult to observe

- Influence of geocorona: H Lya, O 1304nm, ¢

- Spatial distribution of planetary atmospheres - Not suitable for “Target of Opportunity” ok

- Exoplanets

and long-term continuous observation

- Small bodies (such as moons around Jupiter)

- Focus on Hydrogen, Oxygen and Carbon

- x 100 sensitivity and spatial resolution
of HISAKI

- Target tracking capability like HISAKI

LAPYUTA

By resolving the previous constraints,

LAPYUTA will explore

- Habitable Environment of the Solar System and Beyond
- Unsolved problems in ultraviolet astronomy




LAPYUTA : Concept

Major specifications
" Type: Cassegrain telescope (F32)
- Scientific instruments:
Two UV spectrographs & one UV imager
* Primary mirror : 60 cm
- Effective area : >350 cm2
- FOV : 100 arcsec (spec)/180 arcsec (image)

= Spectral range : 110-190 nm
= Spatial resolution : 0.1 arcsec (spec)
0.2 arcsec(image)
- Spectral resolution
Mid-resolution: 0.02 nm (6,500) |
High-resolution: 0.003 nm (43,000) LAPYUTA is characterized by

= Bus system: SPRINT bus - ngh SenSItIVItV

+ Orbit : ~1000 x 2000 km , , ,
- High spatial & spectral resolutions
28




LAPYUTA : Concept

Major specifications Point source sensitivity

" Type: Cassegrain telescope (F32) T smis 6140w
- Scientific instruments:

Two UV spectrographs & one UV imager
* Primary mirror : 60 cm
- Effective area : >350 cm2
- FOV : 100 arcsec (spec)/180 arcsec (image)
= Spectral range : 110-190 nm
- Spatial resolution : 0.1 arcsec (spec)

0.2 arcsec(image)

- Spectral resolution 0 BR eveenghia

(counts/s/A) / (erg/cm2/s/A)

Mid-resolution: 0.02 nm (6,500) HST(STIS G140M) vs. LAPYUTA(MRS)
High-resolution: 0.003 nm (43,000)

* Bus system: SPRINT bus

* Orbit : ~1000 x 2000 km - Throughput
HST (STIS G140M): 2%, LAPYUTA (MRS): 12% (x
6) 29

* Primary mirror diameter
HST: 2.4m, LAPYUTA: 0.6m ( x1/16)




© ISAS/JAXA

Heritages of UV instrumentation i Japan

LAPYUTA (20327

‘f S 2 /]
Kaguya/uUPI-TEX (2007-2009) X 4 : Y -
‘ . . " &7 WSO0-UV/uvsPEX (2029?-)

Space
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LAPYUTA: Optical design

2870 .
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< 0th order monitoring UV,Spe,Ctmgr.aph
a C— 2 camera (mid-dispersion)
Secondary $600 1
mirror b2
assembly
3 =)
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Focusing g
mechanism Coating:
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" m Primary mirr !
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Focal plane instruments:
-Mid-resolution spectrograph (MRS)
-High-resolution spectrograph (HRS)
-UV slit imager (UVSI)

-Visible fine guide sensor (FGS)

v

Fine Guidance Sensor



LAPYUTA : focal plane instruments

uv spe.ctrograph (mid-resolution) Grating:
<Optical layout> -Toroidal

-Blazed holographic

CMOS detector i -
MCP detector o 2110 lines/mm

UVSPEX EM grating

-Variable line-space (TBD)
-Coating: Al + MgF2

= —— CICUS Detector:

" selectable slit -Csl + Funnel MCP ,

UV spectrograph -CMOS readout coupled | .
-120 x 30 mm (8k x 2k)

Other components
-Slit: Selectable slit with different slit widths (0.027-20 arcsec)
-0t order camera: CMOS with optics

Target effective area: ~350 cm2 (@130 nm) _ | Opening SL

window




LAPYUTA : focal plane instruments

UV I! ectro ra I! h ( h ig h _d iS p e rS i O n ) Diffraction Intir;;i.tzlsigread Function -

<Optical layout>
UV echelle-type spectrograph

Ol | 1302168
Ol | 1304858
o1 | 1306029

el a3 pm

* 121.6 s HI190 3.4532
. T0t:0|dal c 13
Slit mirror O 184 133.5708

. te1306 * CII82
Echelle — s ¢ 170.66 156.0682

grating I Cro\ss He Il 6/
/ Fe XII, XXl 81
MCP disperser
detector .
(1. 1.) . Preliminary

-

<Components>

-Slit: width TBD

-Toroidal mirror: f =400 mm

-Echelle grating: plane, 175 gr/mm

-Cross disperser: toroidal, 2172 gr/mm

-UV detector: $25 mm funnel MCP (image intensifier) + CMOS readout (2k x 2k)




LAPYUTA : focal plane instruments

<Spot diagram>

VIS arm

M1

detector N—
(1. 1.) (free form

surface)

|

CMOS'!
detector

for VIS

Slit mirror

<Components> List of filters and science objectives

i i Fil Objective 1-2 Objective 3 Obrectived
-3 reflection surfaces for UV: slit, M1, and M2 ) Bint —— jective jective

-UV detector: $25 mm funnel MCP (8) 122-LongPass | (HI Ly-a) e
+ CMOS readout (2k x 2k) () 1i3-1800m___{ T Fyman Werner band

(D) 160-Long-Pass | solar continuum

-Slit monitoring camera: CMOS with M3 & M4 (E) 125-155nm (Color ratiol) (H Ly-a off band &

130-150nm continuum)

-Filter Wheel (F) 145-170nm (Color ratio2) (150nm continuum)
-> Total effective area: ~450 cm2 (@130 nm)




Key technologies

MCP detector for UV

High efficiency: funnel-type MCP
Large format (120 x 30 mm/8k x 2k)
High dynamic range and resolution: CMOS readout

Mirror coating & grating
UV mirror coating
Base line: Al+ MgF2 Goal: >90% @130 nm / 88% at 130 nm achieved
Other coatings: Al + LiF, Al + AIF3, etc..
Toroidal blazed holographic grating ~50% at 130 nm achieved

Pointing fluctuation cancelling system
Concept of pointing cancellation system
"Electronical image stabilization” onboard the mission system
- High-speed imaging of visible light & detection of UV photons
- Correction of the UV photon positions with reference to the centroid of the visible image.




