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@ ORIGINS

24 Space Telescope

* x1000 more sensitive than anything before
* 5.9m aperture non-deployed cold aperture (4.5K)
% Low-risk development, testing, and deployment

% 3 orders of magnitude in wavelength coverage:
2.8-588 um
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QYRR Origins: Spitzer-like minimal

secondary mirror (1m) deployable design

baffle / barrel

primary mirror (5.9m)
wavelength coverage: 2.8-588 um

Telescope:
diameter: 5.9 m

area: 25 m? (=JWST area)
diffraction-limit: 30 um
temperature: 4.5 K

0SS

MISC-T

spacecraft

FIP Cooling: long life cryro-coolers
Agile Observatory for surveys: 60” per second
Launch Vehicle:
Large, SLS Block 1, Space-X BFR
Mission: 10 year propellant, serviceable
Orbit: Sun-Earth L2

solar array



ORIGINS

= Three Baseline Instruments

D

OSS: Origins Survey Spectrometer
-25-588 um R~300, survey mapping
-25-588 um R~43,000, spectral surveys
-100-200 um R~325,000, kinematics

FIP: Far-infrared Imager Polarimeter

S |

- 50 or 250 pum, Large area survey mapping
- 50 or 250 um, polarimetry

MISC-T: Mmid-Infrared Spectrometer Camera Transit

-Ultra-Stable Transit Spectroscopy
achieved by Densified Pupil Spectroscopy (Matsuo et al. 2014, 2016)
-2.8-20 um R~50-295




GOPIRA2030s White Paper
Participation in Origins Space Telescope Mission

(Origins Space Telescope = v > 3 U ADZN)

At the conclusion of a 3.5 year, the Origins Science and Technology Definition Team (STDT) recommended to the Decadal
Survey a concept for Origins with a 5.9m diameter telescope cryocooled to 4.5 K and equipped with three baseline scientific
instruments: the mid-infrared Spectrometer and Camera (MISC), the Far-IR Imager Polarimeter (FIP), and the Origins Survey
Spectrometer (OSS). The science goal of Origins is to trace the history of our origins from the time when dust and heavy
elements permanently altered the cosmic landscape to present-day life. JAXA has participated in the Origins’ STDT activity
through the whole and has led the conceptual study of MISC in collaboration with NASA Ames. This project aims to achieve
Japan’s hardware contribution to the Origins Space Telescope though MISC instrument and to enable Japanese Astronomers
to pursue Origins’ science goals as a member of the Origins team once the Origins is endorsed in the 2020 Decadal Survey.

Principle Investigator (7 O~ T U MR FEHE)

Name: SAKON, Itsuki
Afftliction: Umversity of Tokyo
E-mail address: 1sakon@astron.s.u-tokyo.ac.jp

Co-investigator and his/herrole (7O T UV RHBFRERE & T DEKE)

ROELLIG, Thomas L. (NASA Ames) Co-Instrument Lead, MIR detectors

ENNICO-SMITH, Kimberly (NASA Ames) Co-Science Lead

MATSUO, Taro (Nagoya University) Development and testing of densified pupil spectrometer
ENYA, Keigo (ISAS/JAXA) Development of key technologies based on heritage of SPICA/SCI
WADA, Takehiko (ISAS/JAXA) Development of MIR detector and readout technologies
INAMI, Hanae (Hiroshima University) Science Investigation (extragalactic)

TAKAHASHI, Ao1 (NAOJ) Science Investigation (exoplanet), Development of DM technology
GREENE, Thomas (NASA Ames) Testing of densified pupil spectrometer and MIR detectors
BURGARELLA, Denis (Aix-Marseille Umiversity) Science Investigation (extragalactic)
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NASA Goddard Space Flight Center’s (GSFC’s) Cost Estimating, Modeling
and Analysis (CEMA) Office, under the direction of the GSFC Office of the
Chief Financial Officer (CFO), parametrically derived Origins life-cycle
mission cost estimates. GSFC’s Resource Analysis Office (RAQO)
independently derived a mission cost estimate using a top-down
parametric model. The CEMA and RAO estimates are consistent to within
the estimated uncertainties. Based on directions from NASA HQ SMD, the
Origins team assumes:

« Mission start, Phase A, is in 2025

» All mission-enabling technologies will be advanced to TRL 5 at the
beginning of Phase A and to TRL 6 by mission PDR

* The Origins Technology Development Plan describes how the required
technologies will be matured to TRL 5 prior to Phase A, and fully accounts
for the cost of this effort. Pre-Phase A technology maturation costs are not
iIncluded in the mission cost estimates presented here.

 The cost of technology maturation from TRL 5 to TRL 6 is included in the
Phase A and Phase B mission cost estimates given below and maturation
to TRL-6 will be completed by PDR.

» SLS Launch Vehicle cost is $500M in real year (RY) dollars.

The CEMA-estimated total cost of the Origins Space Telescope mission,
Phases A through E, is 6.7BUSD (CY 2020) at the 50% Confidence Level
(CL) and 7.3BUSD (CY 2020) at the 70% CL.

Table 1
Origins Space Telescope Mission-Level Cost Estimate ($M)
WBS | Description Phase A | ACEIT Summary (Sum is statistical, not arithmetic)
50% CL 70% CL 50% CL | 70% CL
Phases B/C/D | Phases B/C/D| Phase E | Phase E
1.0 Project Management 17 281 329
2.0 Systems Engineering 11 281 329
3.0 |Safety and Mission Assurance 2 161 188
40 | Scence/Technology 106 132 132
5.0 Payload 21 2,677 3,149
5.11  Mid-Infrared Spectrometer Camera (MISC) 437 516
5.2| Origins Survey Spectrometer (0SS) 595 707 fg‘
5.3| Far-Infrared Imager Polarimeter (FIP) 495 594 ==
5.4| Telescope 890 1,031 %EJ 17
5.5 (Cryogenic Payload Assy Integration and Test (I&T) 256 296 5 %
6.0  |Spacecraft 21 1,318 1521 = =
6.1]  Spacecraft (without Sun Shield and Cryocoolers) 864 997 ==
6.2| (Cryocoolers 220 265 &=
6.3| Sun Shield 47 53
6.4| Spacecraft IT& (Sunshield and Cryocoolers) 215 250
7.0 Mission Operations System (MQS) 15 122 142 480 563
9.0 | Ground System(s) 13 281 329
10.0 | Systems Integration and Test 6 281 329
8.0 Launch Vehicle/Services ROM 500 500
Total Phase A (BY20)| 211
Total, Phases B/C/D (BY20) 6,037 6,481
s Total, Phase E (BY20) 480 563
= TOTAL, PHASES A-E ($B)
= Low Range Total (50% (L), Phases A-E (BY20)| 211 6,037 480 50% | $6.7 (BY20)
*jg: Low Range Total (50% (L), Phases A-E (RY)| 247 7,700 753 CL | $87(RY)
High Range Total (70% CL), Phases A-E (BY20)| 211 6,481 563 | 70% | $7.3(BY20)
High Range Total (70% CL), Phases A-E (RY)| 247 8,899 881 CL | $10.0(RY)

Table 1 shows the WBS cost breakdown in CY 2020 dollars and Real Year (RY) dollars. The mission costs in RY dollars are 8.7BUSD at the
50% Confidence Level (CL) and 10.0BUSD at the 70% CL, which includes the launch vehicle cost of 500MUSD RY

The total cost estimated for the MISC instrument throughout the Phases A-E (i.e., 437MUSD) shares only 6.5% of the total mission cost (i.e.,
6.7BUSD [CY 2020]). Since the MISC instrument has been studied by JAXA in collaboration with NASA Ames during the Origins STDT, further
negotiation between NASA and JAXA will likely lead to partnership agreements and a part of the cost for the MISC instrument is needed to be
covered by JAXA in order to achieve Japan’s hardware contribution to Origins.
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@ ORIGINS

4 Space Telescope

(@ How does the universe work?
D

m How did we get here?
A A

Are we alone?

Discovery of new phenomena
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¢ Herschel 2-D surveys are confusion limited...

Origins/OSS surveys are NOT:
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“Infrared SDSS”

Millions of galaxies z<8
Over a few sq. degrees

In a ~2000hour blind survey
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Origins/FIP Surveys: Billion Galaxies!
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NS HE T T A Herschel (black areas)
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Orlgms prowdes dust and star formatlon rate to complement stellar ma,sses from LSST+WFlRST HLS
Origins can survey the Same areas as WFIRST*and LSST In much Iess tlme and at complementary wavelen



Origins Uniquely Follows the Trail of Water
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- Origins will detect the rotational spectrum of water <1000K above ground state in >1000 planet-forming disks
- Origins will make the definitive statement on the disposition of water as stars and planets are assembled



m Origins definitively measures gas mass of planet forming disks
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Origins is the only observatory capable of spectrally resolving the HD line with sufficient sensitivity.
- The fundamental transition of HD at 112um can be a reliable optically thin tracer of the gas mass
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Space Telescope

‘*@ Searching for life in Transiting Exoplanet
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Space Telescope

D
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Why M and K Dwarfs?

* M and K dwarfs are common
— 75% of stars within 15 pc are M dwarfs

* Rocky planets are common

— Expect to detect about a dozen HZ
exoplanets transiting mid-to-late M
dwarfs within 15 pc

— Four such planets are already known
(TRAPPIST-1d,e,f and LHS-1140b)

 Advantages of small (rocky) planets
transiting M dwarf stars

— Larger transit depths
— Closer habitable zones (5 — 100 days)
— Increased transit probability in HZ

T. Henry, RECONS Survey



Origins MISC-T: IR wavelengths rich in biologically interesting molecules

H,O and CO, are necessary,

120 + but not suggestive, of life Biosignature Pairs
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