% L3

The cost |rrformation contamed in this document is of a budgetaw and plannmg nature and is lntended for
|nformat|onal purposgs only It does not constltute a commltment on the part of JPL and/or Caﬁech i




HbEX - .‘The"A'rehitgg:tures

+ The HabEx Final Report will center on a discussion of the possible HabEx
architectures

» We will emphasize the adaptability of HabEx to uncertain future budgets, technology development
difficulties and unexpected programmatic changes such as the availability of the SLS

« All nine options will be discussed at a high level in the Architecture section on the report

_+» The baseline option and the two selected additional options will be discussed in more
technical detall

* The level of detail is intended to be sufficient to support CATE estimates which will give the
Decadal multiple cost and risk reference points within the tradespace and allow them to consider
the entire tradespace should they need to do so to find an architecture that fits the available
* funding.

+ This briefing is intended to remind everyone of the 9 architecture options and not to
~ reopen the “Option B” trade decision .

- . +.The descriptions and data have been updated to reflect our current understandlng of the optlon
- -designs. u

| e Subsequent presentations will review the Exoplanet and GO smence estlmates o | F




Starlight Suppression
System

(Hybrid)

Cost (SB): >5
HTRL3: 1
LV: SLS and SHLLV

Cost (SB): >5
HTRL3: 1
LV: 2 SHLLVs

Cost (SB): <5
HTRL3: 1
LV: 2 SHLLVs

; il S‘uﬁ'mrriar'y"

C
(Coronagraph only)

Cost (SB): >5
H#TRL3: 0
LV: SLS

Cost (SB): < 5

#TRL3: 0
LV: 1 SHLLV

Cost (SB): <5
H#TRL3: 0
LV: 1 SHLLV

J":,”'._' e ne

(Starshade only)

Cost (SB): >5
HTRL3: 1
LV: 2 SHLLVs

Cost (SB): <5
HTRL3: 1
LV: 2 SHLLVs

Cost (SB): <5
HTRL3: 1
LV: 2 SHLLVs




Starlight Suppression
System

Cost (SB): >5

#TRL3: 1
LV: SLS and SHLLV

Cost (SB): >5

#TRL3: 1
LV: 2 SHLLVs

Cost (SB): <5

#TRL3: 1
LV: 2 SHLLVs

‘Summary

C
(Coronagraph only)

Cost (SB): >5
H#TRL3: 0
LV: SLS

Other Designs

Cost (SB): < 5

#TRL3: 0
LV: 1 SHLLV

Cost (SB): <5
H#TRL3: 0
LV: 1 SHLLV

J":,”'._' e ne

(Starshade only)

Cost (SB): >5
HTRL3: 1
LV: 2 SHLLVs

Cost (SB): <5

#TRL3: 1
LV: 2 SHLLVs

Other Designs

Cost (SB): <5
HTRL3: 1
LV: 2 SHLLVs




H=bEX / ) The Baseline ™

Resolution @ 0.4 micron (?)

% Effective Area at 200nm

Starshade Size (tip to tip)
and nominal distance

Cost

Number of TRL 3 Enabling
Technologies

Number of TRL 4 Enabling
Technologies

Launch Vehicle

LA

Architecture 4m-H: Hybrid

0.025” (6.3x10*sq. arcsec.)

~10% cm?
52m @ 77 Mm (300-1000nm

spectra); IWA = 70 mas

>S5B

SLS and Falcon H

Description

« 4m off-axis F# 2.5 telescope with HST coatings

« SS Camera, coronagraph, HWC, UVS

« 52m starshade

* Microthrusters for pointing control

Cons

« Cost well over $5B target.

« Many low TRL (<TRL 5) technologies.

* Requires SLS Launch Vehicle which may bring some programmatic risk.
Pros

« Some reduhdancy in exoplanet spectral instruments. .

» Hybrid allows orbits, larger OWA, and better spéc_:tral charéctérization._

« Can allow starshade delayed launch for lower funding profile o




HabEX 7 . Additional D
~ Architecture 4m-C: Coronagraph Only

Description

» 4m off-axis F# 2.5 telescope with HST coatings

§ Resolution @ 0.4 micron ()  0.025”
(1.9x10 sq. arcsec.) » Coronagraph, HWC, UVS

Effective Area at 200nm ~10%cm? « Microthrusters for pointing control

Starshade Size (tip to tip) N/A Cons

and nominal distance :
* Only one exoplanet spectral measurement instrument.

Cost >S5B

» SLS required

Number of TRL 3 Enabling * Many low TRL (<TRL 5) technologies required
Technologies

_ * No exoplanet UV spectral characterization.
Number of TRL 4 Enabling :

B Technologies Pros

Launch Vehicle : st
« Can make orbit measurements efficiently.




Resolution @ 0.4 micron (?)

Effective Area at 200nm

Starshade Size

| Number of TRL 3 Enabling
Technologies

Number of TRL 4 Enabling
Technologies

Launch Vehicle

0.025”
(1.9x10* sq. arcsec.)

~10* cm?
(ignoring central obs.)

52m @ 77 Mm (300-1000nm
spectra); IWA = 70 mas

52m @ 115Mm (300-670nm
detection); IWA = 47 mas

>S5B

2 — SHLLVs

Description

« 4m on-axis F# 1.0 telescope with HST coatings

« SS Camera, HWC, UVS

« 52m starshade

» Microthrusters for pointing control

Cons

* Only one exoplanet spectral instrument.

- Limited orbits information but disambiguation achieved by taking spectra
Pros

* Improves w.ith precursor knowledge and/or serviéeability.
« Larger OWA and better spectral characterization.

- Simpler telescope (on-axis, looser- stability requirements):




Resolution @ 0.4 micron (?)

Effective Area at 200nm

Starshade Size (tip to tip)
and nominal distance

Cost

| Number of TRL 3 Enabling
Technologies

| Number of TRL 4 Enabling
Technologies

Launch Vehicle

Architecture 3.2m-H.: Hybrld

0.031”
(1.9x10* sq. arcsec.)

~8 x 103 cm?
52m @ 70 Mm (for 300-

1000nm spectra) ; IWA =77
mas

>S5B

1

2 - SHLLVs

Description

3.2m off-axis F# 2.5 telescope with HST coatings

SS Camera, coronagraph, HWC, UVS

52m starshade

Microthrusters for pointing control

Cons

« Cost over $5B target.

« Many low TRL (<TRL 5) technologies.

Pros

« Some redundancy in exoplanet spectral instruments.

« Hybrid allows orbits, larger OWA, and better spectral éharacterizétioh.

 Can allow starshade delayed launch for lower funding prafile




Archltecturé 3 2m- C Coronagraph Only

Description

Resolution @ 0.4 micron () 0.031” « 3.2m off-axis F# 2.5 telescope with HST coatings

(1.9x10* sq. arcsec.) « Coronagraph, HWC, UVS

Effective Area at 200nm ~8 x 103 cm?
* Microthrusters for pointing control

Starshade Size (tip to tip) N/A Cons
and nominal distance

« Only one exoplanet spectral instrument
Cost

« Many low TRL (<TRL 5) technologies required

| Number of TRL 3 Enabling

: * No exoplanet UV spectral characterization.
Technologies

| Number of TRL4 Enabling Pros

Technologies E 3%
« Can make orbit measurements efficiently.

Launch Vehicle 1 - SHLLV




HabEx

‘/

Addltlonal Design

~ Architecture 3.2m-S: Starshade Only

Resolution @ 0.4 micron (?)

Effective Area at 200nm

Starshade Size (tip to tip) and
nominal distance

Number of TRL 3 Enabling
| Technologies

Number of TRL 4 Enabling
Technologies

Launch Vehicle

0.031”
(1.9x10* sq. arcsec.)

~8 x 103 cm?
(ignoring central obs.)

52m @ 70 Mm (for 300-1000nm
spectra) ; IWA = 77 mas

52m @ 104 Mm (for 300-670 nm
detection); IWA = 52 mas

<S5B

2 —Vulcan and Falcon H

Description

« 3.2m on-axis F# 1.0 telescope with a segmented primary and HST coatings

« SS Camera, HWC, UVS

« 52m starshade

* Microthrusters for pointing control

Cons

* Only one exoplanet spectral instrument.

« Limited orbits information but disambiguation can be achieved by taking spectra :
Pros

* Improves with precursor knowledge and/or serviceability:

- Larger OWA and better spectral characterization.




Description

_ _ « 2.4m off-axis F# 2.5 telescope with a monolithic primary and HST coatings

Resolution @ 0.4 micron (?) 0.04”
LT e, eiresEe)  SS Camera, coronagraph, HWC, UVS

Effective Area at 200nm ~3.6 x 103 cm?
 52m starshade

Starshade Size (tip to tip) 36m @ 36 Mm (spectra); * Microthrusters for pointing control
and nominal distance IWA = 104 mas
Cons

Cost <S5B

» Image problem (2.4m = Hubble = WFIRST).

Number of TRL 3 Enabling « Many low TRL (<TRL 5) technologies.
Technologies

Pros
Number of TRL 4 Enabling

Vel ogles « Some redundancy in exoplanet spectral instruments.

Launch Vehicle 2 SHLLVs

» Hybrid allows orbits, larger OWA, and better spectral characterization.

* Can allow starshade delayed launch for lower funding profile



Description

_ _ « 2.4m off-axis F# 2.5 telescope with HST coatings
Resolution @ 0.4 micron (?) 0.04”

(1.8x107 sq. arcsec.) - Coronagraph, HWC, UVS
. ~ 3 2 . 5 .
AT AR EE AL 3.6 x 107 cm « Microthrusters for pointing control
Starshade Size (tip to tip) N/A Cons
inal dist
and nominal distance « Image problem (2.4m = Hubble = WFIRST).
Cost <$5B :
» Only one exoplanet spectral instrument
Number of TRL 3 Enabling » No exoplanet UV spectral characterization.
Technologies
Pros
Number of TRL 4 Enabling
Technologies » Fewer low TRL (<TRL 5) technologies needed

Launch Vehicle

« Can make orbit measurements efficiently.




ArchltectUre 2 re S: Starshade Only

Resolution @ 0.4 micron (?)

Effective Area at 200nm

Starshade Size (tip to tip) and
nominal distance

Number of TRL 3 Enabling
Technologies

Number of TRL 4 Enabling
Technologies

Launch Vehicle

0.04”
(1.8x1073 sq. arcsec.)

~3.6 x 103 cm?
(ignoring central obs.)

36m @ 36 Mm (0.3-1 mum spectra) IWA =
105 mas

36m @ 54 Mm (0.3-0.67 mum detection);
IWA =70 mas

<S5B

2 — SHLLVs

Description

+ 2.4m on-axis F# 1.0 telescope with a monolithic primary and HST coatings
 SS Camera, HWC, UVS

+ 52m starshade

» Likely could use just reaction wheels without microthrusters

Cons

* Image problem (2.4m = Hubble = WFIRST).

* Only one exoplanet spectral instrument.

* Many low TRL (< TRL5) technologies.

« Limited orbits information but disambiguation can be achieved by taking spéctra
Pros vl

. Impfoves with precursor knowledge and/or éerviceabilit'y.

* Larger OWA and better spectral characterization.

+ Fewer low TRL (<TRL 5) technologies needed

« Simpler telescope (on-axis, looser stability requirements); 13



