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! Large)Area)Surveys)of)Bright)Stars)
" F,$G,$K$dwarfs:$+4$to$+12$magnitude$
" M$dwarfs$known$within$~60$parsecs$
" >200,000$target$stars$in$two$years$

TESS$Science$Goals$and$Drivers

! Primary)Goal:-Discover-Transiting-Earths-and-Super8
Earths-Orbiting-Bright,-Nearby-Stars-
" Rocky$Planets$&$Water$Worlds$
" Habitable$Planets$

! Discover-the-“Best”-~1000-Small-Exoplanets-
" “Best”$Means$“Readily$Characterizable”$

• Bright$Host$Stars$
• Measurable$Mass$&$Atmospheric$Properties$

" Present:$Only$2$small$transiting$exoplanets$orbiting$
bright$hosts$are$known
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Launch'in'August'2017
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Small$Planets$and$Bright$Stars
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! Kepler:-The-most-common-
members-of-the-exoplanet-family-
are-Earths-and-Super8Earths-

! PopulaJon-of-characterizable-
Earths-and-Super8Earths-is-
extremely-impoverished--

! Two-smallest-transiJng-
exoplanets-with-bright-hosts-were-
discovered-from-space:-
" KeplerY21b:$Kepler$Team$
" 55$Cnc$e:$MOST$[CoYI$Josh$Winn]
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Small$Planets$and$Bright$Stars
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Predicted TESS Yield
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! Kepler:-The-most-common-
members-of-the-exoplanet-family-
are-Earths-and-Super8Earths-

! PopulaJon-of-characterizable-
Earths-and-Super8Earths-is-
extremely-impoverished--

! Two-smallest-transiJng-
exoplanets-with-bright-hosts-were-
discovered-from-space:-
" KeplerY21b:$Kepler$Team$
" 55$Cnc$e:$MOST$[CoYI$Josh$Winn]

TESS)Will)Discover)the)Earths)
and)SuperQEarths)Transi'ng)
the)Brightest)&)Nearest)Stars
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TESS)Will)Discover)~300)Earths)&)SuperQEarths
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Simulated$½$Hour$Stacked$Full$Frame$TESS$Image$

FFI-Stack:--
900-TESS-images-@-2s/integraJon

PorJon-of-Image-Stack-Shown:-
=-7.8-deg2-out-of-570-deg2/camera-
=-0.34%-of-instantaneous-TESS-FOV

2.
8°

2.8°

TESS)Can)Provide)FFI’s)at)Kepler’s)30)Minute)Cadence
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Limi'ng)
Mag)
in)I)
Band

S/N)Ra'o)
Achieved)by)
TESS)in)30)
minutes

#)Stars*)in)
40,000)
deg

12 1350 ≳

13 600 ≳

14 250 ≳

*R-band-mean-star-counts-from-Bahcall-
&-Soneira-(1980)-re8scaled-to-I-band-
assuming--R8I-=-+1.0-mag,-appropriate-
for-early-M-stars.

DefiniJon:-
Full-Frame-Image-=-FFI-=-100%-of-FOV-
cf:--10x10-“postage-stamps”-=-2%-of-FOV

=-Targeted-10x10-“Postage-Stamps”
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TESS$Wide$FOV$CCD$Camera$Prototype

�9



Discovering-New-Earths-and-Super8Earths-in-the-Solar-Neighborhood

Full$Size$Replica$of$TESS
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TESS$Sky$Mapping$Strategy
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TESS$2Yyear$Sky$Coverage$Map
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TESS 2-year sky coverage map
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Finding planets with TESS 5
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FIG. 5.— Upper panel: The dominant source of noise changes across
the magnitudes of stars TESS will survey. The photometic precision on the
brightest stars is limited by the systematic noise floor of 60 ppm, and the pre-
cision on the faintest stars is limited by background. In between, shot noise
from the star dominates. The number of pixels in the photometric aperture
(lower panel) is chosen to minimize the total noise. Here, we adopt an effec-
tive stellar temperature of 3400K and ecliptic and galatic latitudes of 30◦.
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TESS Detections
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FIG. 6.— The inner (red) and outer (blue) radii of the habitable zone are
defined by the insolation S (relative to the Earth-Sun value) and may depend
weakly on the effective temperature of the star. TESS is far more sensitive
to planets with periods shorter than the habitable zone, but it should still find
several planets in the habitable zone of cooler stars.
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FIG. 7.— Radial velocity semi-amplitude K plotted against V magnitude
for the smallest TESS planets. Here, we assume a silicate composition in the
mass-radius relation.

Small$TESS$Planets$and$the$Habitable$Zone$
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RP-<-2RE
Red=-HZ-inner-edge Blue=-HZ-outer-edge
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Field of view [deg]: 24.0
O↵set from ecliptic [deg]: 6.0

Number of Segments: 13
EPD [mm]: 105

E↵ective Area [cm2]: 67.5
PSF Scaling from Baseline: 1.0

Read Noise [e-]: 10.0
Systematics [ppm]: 60

Minimum SNR: 7.0
Minimum number of transits: 2

Binarity: Yes
Total number of stars: 1432942

Number of stars with 1-minute postage stamps: 200K
Full-frame image cadence [min]: 30

Number of trials: 25

Earths Super-Earths Sub-Neptunes Small HZ Planets JWST HZ
0.8–1.25 R� 1.25–2.0 R� 2.0–4.0 R� 0.5 < S < 2 b > 75�

38.2 ± 8.9 335 ± 39 1460 ± 130 17.1 ± 5.8 7.3 ± 3.2

Assump*ons$for$TESS$Yield$Simula*ons
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Planet)Numbers)by)K)Host)Star)
5<K<8:---------5-
8<K<9:-------13-
9<K<10:-----30-

TESS$Small$Planet$Yield$Near$JWST$CVZ
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Super−Earths
Earths
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Totals:-
Super8Earths:----127-
Earths:------------------19-
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Conclusions

!

! ~100-small-exoplanets-(RP-<-2RE)-in-or-near-JWST’s-CVZ-
" ~20$with$5<K<9$stellar$hosts$
!

! ~Handful-of-Earth8sized-planets-in-HZ-
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TESS)should)provide)JWST)with:
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