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Starshade (SSI

Workhorse Camera (HWC

Purpose Exoplanet imaging and characterization Exoplanet imaging and characterization | Multipurpose, wide-field imaging High-resolution, UV imaging and
camera and spectograph for spectroscopy for observatory science
observatory science

Instrument | Vector Vortex charge 6 coronagraph with: | 52 m diameter starshade occulter with: | Imager and spectograph High-resolution imager and spectrograph

Type - Raw contrast: 2.5 x 10" at the IIWA - 76,600 km separation (Visible)

- A mag limit = 26.5 - Raw contrast: 1 x 10" at the IWA
- 20% instantaneous bandwidth - Amag limit = 26.5
- Imager and spectograph - 107% instantaneous bandwidth
- Imager and spectograph
Channels | Visible: 0.45-0.975 um UV: 0.2-0.45 pm Visible: 0.37-0.975 um UV: 115-320 nm (with 115-370 nm
- Imager + IFS with R = 140 - Imager + grism with R =7 - Imager + grism with R = 1,000 available at R < 1,000)
Near-IR: 0.975-1.8 ym Visible: 0.45-0.975 um Near-IR: 0.95-1.8 pm R =60,000; 25,000; 12,000; 6,000;
- Imager + IFS with R = 40 - Imager + IFS with R = 140 - Imager + grism with R = 1,000 3,000; 1,000; 500; imaging
Near-IR: 0.975-1.8 um
- Imager + IFS with R = 40
Field of IWA: 2.4 ND = 62 mas at 0.5 um IWA: 58 mas at 0.3-1.0 um 3 x 3 arcmin? 3 x 3 arcmin?
View OWA: 32 ND =830 mas at 0.5 um OWA: 6 arcsec (Vis. broadband imaging)
OWA: 1 arcsec (Visible IFS)
Features 64 x 64 deformable mirrors (2) Formation flying, sensing, and control Microshutter array for multi-object Microshutter array for multi-object

Low-order wavefront sensing and control

spectroscopy
- 2x2array, 171 x 365 apertures

spectroscopy
- 2 x 2 array, 171 x 365 apertures
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Habitable
Exoplanets -

NG

Exoplanetary 4@
Systems

Observatory Science

-
X,

DAalIS & UbDle
o1 Exo-Earth candidates around
nearby sunlike stars?

Water vapor in rocky exoplanet
atmospheres?

03 Biosignatures in rocky exoplanet
atmosphere?

04 Surface liquid water on rocky
exoplanets?

(o}
N

planetary systems?
Exoplanet atmospheric

variations in nearby systems?

07 Water transport mechanisms in
nearby planetary

08 Debris disk architectures
nearby planetary

!

~ 5

:

Lifecycle of baryons?

010 Sources of reionization?

011 Origins of the elements?

012 Discrepancies in measurements
of the cosmic expansion rate?

013 The nature of dark matter?

014 Formation and evolution of
globular clusters?

015 Habitable conditions on rocky
planets around M-dwarfs?

016 Mechanisms responsible for
transition disk architectures?

017 Physics driving star-planet
interactions, e.g. auroral activity?

WourrLow

o
. GAS COOLING = “-

INFLOW
TURBULENCE

MOLECULAR
CLOUDS

HST/STIS 1000 sec

Observing Program

09. Baryon lifecycle

010. Metagalactic ionizing radiation
011. Massive stars

012. Hubble constant

'013. Dark matter in dwarf galaxies

014. Globular clusters

' 015. Exoplanet transit spectroscopy

016. Transition disks
017. Solar system auroral activity

STELLAR
MASS LOSS

SUPERNOVAE

stimated
Time Required
~6 weeks
~4 weeks
~3 weeks
~3 weeks
~2 weeks
~2 weeks
~1 week
~1 week
~1 week
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20245 Phase A. 20264 Phase B. 20294 Phase CEi14. 2036 FETH LT FE

[ Fv22 | Fv2s | Fv2a | Fv2s | Fv26 | Fv2r | Fv2s8 | Fv20 | Fyso | Fyast | Fv2 | Fvs3s | Fvass | Fyss | Fvse | Fyar | Fvas | FYs® | Fva | Fv41
2021] 2022 | 2023 [ 2024 | 2025 | 2026 | 2027 | 2028 | 2020 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035 | 203 | 2037 | 2038 | 2039 | 2040
Telescope Phases Phase A (24 m) Phase B (30 m) Phase C (54 m) Phase D (30 m) ‘ Phase E
KDP-A A 10/24 KDP-B A 09/26 KDP-C A 04/29 KDP-D A 10/33 KDP-E A PLAR
Milestones  MCRY/ SRR/MDR \/ PDR \/ 02/29 CDR Y/ 03/31 SRV ORRY/ V0336
2/1 Launch
Technology Development (Pre-A/Phase A Effort)
Post SS Scaled up Petal Shape stability
& Doployment Acburacuracy Test
Coronagraph
Telescope Payload
System Engineering | System Engineering
Telescope  [_Design [ Procure/Fab & le [T Test |
' - -
4m Mirror [_Design [ Procure/Fab/Assemble Test I Telescope Schedule Margin Required | | Habx scheduled
Coronagraph [ Design [ Procure/Fab Test |- ’S,{ SI&T g x
UV Spectrograph [ Design [_Procure/Fab [ Test | H ATLO a5d 85d
Starshade Instrument [ Design [_Procure/Fab [ ] Test [ Launch Ops od 25d
Workhorse Camera [ Design [ Procure/Fab [T Test T H Total 152d 270d
Payload 1&T PLI&T |
Telescope S/C
Flt. System Engineering [ System Engineering |
Subsystems [_Design [ Assemble [ Test [
Software [ Design [ Assemble [T Test [
Spacecraft I&T " sicieT H
A
Telescope System I&T Telescope System I&T
Telescope Launch Ops
Starshade Phases Phase A (18 m) ‘ Phase B (18m) I Phase C (51 m) I Phase D (30m)
KDP-A A 10/26  KDP-B A 03/28  KDP-C A 08/29 KDP-D A 10/33 KDP-E A PLAR
Milestones MCR \/ SRR/MDR \/ PDR \/ 07/29 CDR Y/ 02/31 SRV orrYy ¥ 03136
1/25 Launch
Starshade Payload
System Engineering [ System Engineering ]
Starshade Petals & Disk [ Design Procure/Fab/Assemble Test ||
Occulter I&T | Test
Starshade S/C - -
Flt. System Engineering [ SyeemIEnameeg ] Starshade Schedule Margin Required | | HabEx scheduled!
Subsystems [ Design [ Procure/Fab/Assemble [ Test [} 5/s S6d 70d
Software [ Design [ Procure [ Test PLIET 20d 4od
Spacecraft 1&T sic 187} ATLO 20d 4od
Starshade System 18T g1, o246 Fiight Segment 1&T ;‘::l‘ho"‘ 13:d 12:;1
of
Starshade Launch Ops
Mission Ops/ Ground Segment [
ANASA Milestone V/Key Project Milestones 0 schedule Margin === Critical Path FLaunch Milestone [ starshade Effort 1 Telescope Effort

Figure 9.3-1. The HabEx baseline schedule has been well-bounded by historical analogs. The critical path flows through the 4 m monolith telescope development.
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\ International Ex-Officio Non-Voting Members ]
 Christian Marois, NRC Canada (Canadian Space Agency, CSA, Observer)

David Mouillet, IPAG Grenoble (Centre National d’Etudes Spatiales, CNES, Observer)

Timo Prusti, ESA (European Space Agency, ESA, Observer)

Andreas Quirrenbach, Heidelberg University (Deutschen Zentrums fiir Luft- und Raumfahrt, DLR, Observer)

' Motohide Tamura, University of Tokyo (Japanese Aerospace Exploration Agency, JAXA, Observer)

 Pieter de Visser, Netherlands Institute for Space Research (SRON)
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Table 9.2-2. Highest impact HabEXx risks and their mitigations.

Risk ID Consequence“ .leellhood Mitigation Consequence' . |..Ike|lh00d
Pre-Mitigation L EL

1. G-Release The G-release Inadequate Static wavefront 3 3 Demonstrate ability to 3 1
Error error exceeds characterization of | error degrades achieve 0 G surface during

specifications gravity sag during | observations testing, corrective actuators

fabrication during operations

2. Starshade Delivery of the Complications Late completion 4 2 Starshade can be launched 4 1
Integration & starshade is during integration of baseline after the telescope and still
Test delayed and test  mission meet science requirements
3. Starshade to Late demonstration | Multiple The starshade 4 2 Use slack in schedule, or 4 1
TRLS5 of Starshade to development spacecraft is delay the starshade

TRL 5 activities delayed development and launch
4. EMCCD Late demonstration | Problems in direct imaging 3 2 EMCCD not on the critical 3 1
Development of EMCCD to development spectral band path — release technology

TRL 6 performance will development schedule slack

| be reduced

5. Microthruster The telescope Problems in lifetime | The telescope 5 3 Use schedule slack to 5 1
Lifetime microthrusters are | testing cannot launch resolve the problems, or

not qualified to manifest additional

expected lifetime microthrusters
6. SLS Launch  The SLS Block 1B | Unexpected The baseline 5 2 Launch the telescope on an 5 1
Vehicle not available for development telescope alternate launch vehicle

HabEx problems cannot be

launched

7. Foreign The ESA Formal agreement | The HabEx total 3 2 Release cost reserve 3 1
Contribution contribution does | not in place cost increases equivalent to contribution

not materialize

# of Enabling 2020 2023 WO

) Tech. (estimated) ) | Rating |  Consequence Likelihood

ategory TRL4 TRLS5 TRL4 TRLS5 TRL 4 TRLS it
Starshade 3 2 2 3 0 4 1 1 Minimal Rer_nOte
Large Mirror 2 0 2 0 1 1 0 2 Small Unlikely
getrology - g (1) g 1 g g ; 3 Moderate Possible
e ; 5 - ; 1 - 5 4 Significant Likely
Microthrusters 1 0 0 1 0 1 0 5 Complete Loss Very Likely
Total 13 3 10 6 2 12 2



EHM LaXMEaRMNTOT771/ILOREL

T HBEEEOTRE ~$7.4B (1L ILEBA D LD EBRNERETS)

Table 9.4-1. HabEx cost summary.

WBS Element FY20$M | RY$M Cost Basis
Pre-Phase A .59 64  Based on cost needed to advance technologies to TRL 5
Phase A ) 211 253 | Based on cost needed to advance technologies to TRL 6
1‘(1”&3“2330: s'gn’)‘,gmsys B9 444 589 Percentage based on Flagship-class missions
'WBS 04 Science 113 150  Percentage based on Flagship-class missions
'WBS 05 Payload System 1996 2643
P/L Mgmt/Sys Eng 136 180 | Percentage based on Flagship-class missions
Coronagraph | 447 591 NICM VIl System Model
Starshade Camera 119 158  NICM VIl System Model
UV Spectrograph 257 340  NICM VIIl Subsystem Model
Telescope (OTA) 659 872 :‘:S?ti%?\ of Phil Stahl 2019 Multivariable and 2013 Single Variable
Fine Guider 29 38 Nch yl" System Model HabEx Baseline 4.0H Funding Profile in FY2020 SM
Workhorse Camera 180 238  |NICM VIl System Model
777777 Starshade Petals and Disk 170 227 | SEER-H Modeled Cost
'WBS 06 Flight System + 10ATLO 1724 2291
Telescope Bus 1045 1382 | Team X Study, includes Mgmt, SE and ATLO for Telescope Bus
Team X Study estimate for 72 m starshade bus, includes Mgmt, SE
| .Starshade B | 689 908 |and ATLO for Telescope Bus
'WBS 07/09 MOS/GDS .85 113 Team X Study
'Phase B-D Subtotal . 4363 5785 |
Reserves (B-D) 1309 | 1736 | 30% reserves
Phase B-D w/ reserves 5672 7521
LV (Telescope) | 650 925 | Costs provided by NASA
|LV (Starshade) | 300 429 | Costs provided by NASA
Phase B-D w/ LV 6622 8875
ESA Contribution -565 -747
Total Phase B-D w/ contribution = 6057 8128
Operations (Phase E-F) | 400 609 | Based on average operations cost for HST and WFIRST
Phase E-F Reserves 60 91 15%reserves
\Total Phase E-F | 460 701
Total Pre-Phase A-F 6786 9145

NASA Astrophysics cost profilelZIZIFINFESH FERRIEEFEREGTEELH>TEY.
BETE D ETEIOS % DProbe-class missionZ 51+ 5 ZEAVELN
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