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~ TPF Science, Technology and Design Exp L

' Whatwill TPFdo?

Survey the local stellar nezghborhood for terrestnal planets
 — Sample size: ~150-250 stars
e — Direct detection in optlcal or nnd-IR
|« Characterize the planets 1t detects
. — Orbital solutions -
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for Planets and Life

The necessary ingredients of life are widespread. '
— Observation reveaIs uniformity of physi‘_éﬂ andehemica

~ QOurown atnibsphere reflects the presence of primitive through advanced life -
Planets area commonﬂoutcome of star forrnatlon
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~ Forming
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IR submm, mm
.- spectra reveal gas
...phasg, ices,
f.mlneraloglcal
. . 'signatures of many
" species, incl:
. H,0,C0,,

. CH,0H, CO, CH,,
forrmc acid
(HCOOH) and

,,.Qlfortnaldshxdc,

‘Signatures of Life

Oxygen or its proxy ozone is most reliable biomarker
— Ozone easier to detect at low Oxygen concentrauons but is a poor mdlcator of
~ quantity of Oxygen »

Water is considered essent1al to hfe.

Carbon dioxide indicates an tmosphere and ox1dat10n state typlcal
of terresmal planet. . -
— Long wavelength lines i in both near( Izvum) and rmd-IR (16 um) drives
‘angular resolu : v . v

_Expect the u xp » tec

W isibic and mid-IR provide significant atmospheric

=

ignatures and potential bismarkers




Gas Giant Planets

——
® 1.901;

I ——

ULy o 1.20M
HTE @) e 1O0My
2 @ 0650
Y e 490My

* Over 100 planets found using - e e
radial velocity wobble

—~10% of stars have planets .
— Most orbits < 2-3 AU
— Half may be multiple systems
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* Planets on longer periods = ——._, = ™7

starting to be identified B

— 55 Cancri is solar system analog

. Astrometry (SIM) and radial

E ilfw:‘ss Cancri System —

system architecture tofew Mg~ Mareyetal-

- Space Interferometer Mission (SIM) Will
Make Definitive Planet Census

What We Don’t Know A Deep Search for Earths
s Are planeta 1;}] systems hke our < Are there Earth-like (rocky)

own common? planets orbltmg the nearest
- What is the dlstnbutlon of = Stam e
planﬁtary masses? ,

. —Only astrometry measures
pIanet masses unambi guously
e there Iow—mass p[anets in.
bit: bIe zone’ 7. |

r solar system unusual?
'« What is the range of pIanetary
',\system architectures? .
» Sample 2000 stars within ~




 Partially satisfy qu , nded” sar ple of1200
~ additional stars (late-F, G, and K dwarf) as el[ as M—dwar_f early-F
. 'ancf A- star targets of epportumty -

~ Survey of core and extended stars mcIudmg att Ieast 3 VISltS should be
- completed in ~2 years.

'~ Additional visits of" detected planets to determme orblts beyond the 2 year |
“ detection phase. :

A “TPF stretch mission shouldL meet the abeverequtrements for e

the full sample of ~150 stars. 3 |

Within the CHZ (0.9-1.1 AU fora G—type star o L"Z), TPF shall be:

able to detect with 95% completeness, terrestrial planets at Ieast half
: the surface area of the Earth with Earth’s albedo.

L= thhm a more genemusfy deﬁned HZ (0.7-1 .5 AU for a G-dwarf), TPF shall
- be abIe t& detect an Earth-sized : v

‘ TPF must be able to obtam spectra. inan effort determme the existence of an.

_ atmosphere, detect water, detect carbon dioxide (111 the infrared), and detect
oxygen/ozone or methane 1f these are pres ent: m astmblolo glcally inte :
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single spacecraft

- — Components are comple '

= Build adequatalyiar € mirro f‘
-appropriate quality (A/100)

~ » Hold (A/3,000) with (A/10, 000)
stability during observation wnh
deformable mirror

'« IR Inferferometer _
~_ Components are simple: 3-4

-~ Systen is complex: 30 m
boom or separated spacecraft
wn:h ~ nm sta[nhty
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both visible and rmd—IR

~ « TPF spectroscopy at
resolution R ~ 50

bEhied) 6300 Hilds it SOEN

F our Hard Thmgs About TPF

. Sensmwty (relatively easy)
~ — Detection in hours = spectroscopy in days in szlble or mld-[R
~ — Need 12 m? of collectmg area (>4 m) for star at ~10 pc
Integratlon time o (dlstance/dlameter)4 :
_ + Angular resolution (hard)

- — 100 mﬂharcsec is enough vto see ~25 stars .
coronagraph or > ZO-m mterferometer :

. Solar ne1ghborhood 1S sparsely populated ,
= Fractlon of stars with Eart' -habltable zone) unknown |




near a St
mag star
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« HST/HDF reaches V=30 mag *~
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shouldd be done to heIp deﬁne the screntlf' ic scope c' -
- TPF? .

- ' What should be done to endure that the smentrf ic
b Inﬁastructure is built to supporE’EPF" |

. What areas of extrasolar planet ; research should be
~supported to develop the field and make a firm toundatlon o
for correctly mterpretmg TPF science res‘ﬁlfs‘?‘ : e e

Quesuons for TPF Precursor Scrence.
 What is Ne? -
= Transrts (MOST COROT, Kepler/Eddmgton) S
— Theory extrapolating from gas giant statistics = terrestnal p
hat is level of exo-zodiacal emission? : -
SIRTF (Kuiper belts @ 3-300 of AU) -

 — Keck-/LBT-IVLT-I (Zodiacal clouds a 3-3‘ /
L= Theory extrapolating from dust dlsmbutro_n: -} t«

v v’ctrvrty, presence of glant pIanets zodr‘drsks gaI/x—gaI backgrounds -




Cumuliative Number
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Potentlal TPF Targets (FGKM)
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. Coronagraphs at >3X/D
« Interferometers at > 1 A/B

[P ————

% sEn K2
° rﬁ;ell -8

a Cmi, FS

o Cen, 52

e e——
G wem RS AN s e woew s

T

100
Radius of Habitabie Zone (mas)



[Advanced Studles ‘ Formulation implementation

3 Pre-Phase A Phase A Phase B Phase C Phase D Phase E
Phases
Assembly Test
Design & Build & Launch Ops Operation
an 9 (ATLO) perations
} 1
] Key

Gates . | . |
Concept Preliminary Preliminary Approval ATLO Launch

Approved Mission & System Design Review for Build  Start

Review

Gate Mission Project Project Technical Launch
M Criteria Feasibility Feasibility Viability Viability Readiness

Precursor Exozodilevels Freq of Earths
Science Known Known

Biomarkers  Spectroscopic
dentified Resolution Known

# of Targets Preliminary Target List
for Survey Known Target List Finalized

Programmatic
Decisions

v How Wlll We Learn About ng ?

| ? Radlal Vcloc1ty, tran51t data from ground—based
rspace-based mlssmns (MOST and COROT )

r Jupxte > Satums on day/ month/year '




- Spectral typeF, G, K dwarfs
- Ehmmate close bm 'n_es etc. '::

. How Will We learn About
Exozodiacal Dust ?

e Exozodiacal dust may degrade the ablhty of TPF to detect
planets

~ — Hencean understandmg of the likely Ievels of dust arount TPF
_ targets is important to the TPF design S
_ — Athigh levels, could be design dlscmm ator between
_ interferometers and coronagraphs .

, Leanng how dust dtsks form around other stars can help us

e Robust determmatlon of the amount of exozodxaca[ |
~ emission around potentlal TPF targets usmg a comblnatlon




Star Formation & Protoplanetary Disks

¢ The formation of planets is an integral part of our theory of how
stars form

— Hundreds of planetary masses of gaseous and solid material in the
protostellar disk

 Solar System-scale dust disks found around nearby stars

—Reach 1-10x Kuiper -
belt at 70 um |
 SIRTF launches April

>ac

8 (00ps), August TBD
after 25 years!




Tabie 1. Kev Missions and Scientific Contributions to TPF Precursor Science

En.stnm‘cm‘v’ Mission ‘
* SIRTF
* Radial velooity monitoring
* COROT/MDST

* Keck-I, LBTI VLTI

* Theory/modeling

» Theory/modeling
.

“s Kepler

* Eddington

Seienice Conrtbution
« Architecture Decision {Entry into Phase A)
* IRS/MIPS survey of ~250 stars for exozodiacal dust at =3 AU

¢ Detect planets of Satum mass or less at 2—5 AU w0 help refine the incidence
of low mass plunets

* Transits of planets of $-10 Farth mass at <0.3 AU to help refine incidence
ot low mass planets

* Warm dust (10 um} for ~ 130 stars for exozodiaval dust at 0.5-2 AU

* Estimate of frequency of Earth-like planets based on giaﬁt pléﬁcts detected by
radial velocity or other techniques

* Refine spectral signatures w be searched

* Scientific scope (Entry into Phases B. C, D)
* Statistics of Earth-like planets (iransiting) to determine incidence of low-mass
planets

« Statistics of Earth-like p!nnéts (‘tmr\sitirng)‘to determine incidence of low-mass
planets,

* SIM

* Target List Refinement (now until launch, Phase E)

* Detect potcnt‘ialeI;F tar’get"systéms by finding p]aﬁets. Few Earth-mass
planets around nearby stars.

= IWST/HST

SIRTE Interferometer.
SOFLA

« Strong ESA/NASA
interest in joint

~ planet-finding mission

/;,.

— Collaborative 2

* Images of TPF fnrget fields R,\}()vmag; FA8 pbm) <1y

» Characterize exozodiacal emission of poiential targets

architecture studies 7,

— Discussions on .

technology planning .
and development

-

to launch ~2015

— Scientific and/or
technological
precursors as required-

___andfeasible




:_»-;TPF Conference

Overall goal to develop the f' eld of extm-solar planet research

— = Involve the community in establzshmg hzgh Ievel goals for Ty PF/Darwm
Address research relevant to

»;habItabIe planets e.g. dynamics of '
i hemstry of nebular material






