TPF-#¢

Sally Heap & Don Lindler

S.Heap In the Spirit of Lyot, Berkeley CA 8 June 2007

Extrasolar Planet Research

and Observatories THE VISION FOR

o WOCE- TOD W 00, cF 810 prowt SPACE EXPLORATION
(January 2004)

TPF will be capable of finding Earth-
like planets and detecting the
chemicals in their atmospheres ...

If TPF discovers planets with
evidence for life, NASA would
pursue [Life Finder] to confirm the
existence of life on these worlds




Eyes on the Prize
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Each step makes incremental but revolutionary progress

The Pace of ExoPlanet Research Quickens

ExoPlanet PHP Name|Gl581c
Pyra mid Discovered in 2007
Msin i [0.0158 M, ref.
Semi major axis 0.073 AU ref.
Orbital period | 12.932 (+ 0.007) days ref.
Eccentricity|0.16 (+ 0.07) ref.
N Omega |267 (£ 24) deg. ref.
Habitable Planets T pers | 5299338 (= 0.96) JD 2.400.000  ref.

2007 e Rocky Name OGLE-05-390L b

Discovered in|2005

- \ Misini [0.017M,  ref.
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2005 a *_Planet Dist. (proj.) 2.1 AU ref.
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Finding Habitable Planets Requires
Spectral Observations of Planet Light

Bridge to Habitable Planets
* Small IWA at H,0 line
* Deep starlight suppression
* Large aperture
» Smaller exo-zodi bkg
* Higher sensitivity
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H,0 0.94u gives best chance of detecting water

S/N level in the continuum (per resolution element at R=70)

required for a 5-sigma line detection

Species | X Width n Abundance | Depth | S/N t
(um) | (um) | (samples) (days)

ILO | 094 | 0.06 9 10ppm 0.025 | 108 169
100ppm 0.124 22 7.0

1000ppm 0.401 6 0.5

10000ppm | 0.795 3 0.1

H,O .82 0.02 3 10ppm 0.003 | 1570 ---
100ppm 0.025 | 188 460

1000ppm 0.118 38 18.8

10000ppm | 0.379 11 1.6

HO [072 | 0.02 4 10ppm 0.003 [ 1360 | ---
100ppm 0.024 | 170 353

1000ppm 0.130 [ 30 11.0

10000ppm 0.441 8 0.8

02 0.76 0.01 2 1% 0.150 38 17.7
10% 0.338 | 16 3.5

21% 0474 | 11 1.6

50% 0.565 9 1.1

<«—— Source: DesMaraisetal. 2001 ————— »




S/N Matters ...
Model Spectrum of (Dry) Earth-Like Planet
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Figure 1: Input and predicted SIN=10 spectrum of an Earth-twin. The input spectrum (R=70) is

™~ S/N=22 needed for 5-c detection

Comparison of Approaches Using a 4-m Telescope

Optical Throughput and Angular Resolution

TPF Concept | Reflectance x | Lyot Stop x | Cor. Mask = | Throughput || Res. (mas)
Int. Coron.
TPF-Lyot 0.83(.98"9) 0.8 0.6 0.40 34
TPF-PIAA | 0.67 (0.9*.98"15) 1.0 1.0 0.74 31
Ext. Occulter
TPF-O 0.85 (.98"8) 1.0 1.0 0.85 31
Inner Working Angle (mas)
Starlight Suppression Detection V-I Color Spectroscopy
SyStem ()l'long=0-60 ’_.l.l’l’l) (Z'long=0~90 M) (xlong=1-00 111“)
Internal coronagraph
IWA=2 /D 62 93 103
IWA=4 /D 124 186 206
External Occulter
Sep=72,000 km <72 72 <72




# of planets

3-0 Detection of H,0 (1000 ppm) at 0.94 u in 10 Days or Less

1 Earth Mass at 1 x sqrt(Lbol) A.U.
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3-0 Detection of H,0 (1000 ppm) at 0.94 u in 10 Days or Less

2 Earth Mass at 1.2 x sqrt(Lbol) A.U.

100 4
%0 _*
80 —
70 —
_— |
o /‘
2 |—e— TPF-O Dmag = 26
5 m = TPF-O Dmag = 25.5
3 50
s [ j @ TPF-PIAA WA=2/D Dmag=25.5
@ ¢ TPF-C WA=4VD Dmag=25.5
40
30 = -
20 =
O -
- K
S N2
o = K - K . ]
1 1.5 2 25 3 35 4

Telescope Diameter (meters)




TPF-O is scaleable: From ExoP-mini to LifeFinder

Occulter Separation (km)
LifeFinder?
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"Aia ke ola i ka wai"
(Life is found where there is water)

This motto is displayed in front of an elementary
school on the island of Oahu, near the beach shown.

&
VHZs = Very Habitable Zones

Steve Kilson

Since we’re in the land of the Giants ...

S. Heap In the Spirit of Leo: “Nice guys finish last” 8 June 2007




