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NEW MEXICO.

The TES§ Mission
Reaches for Cooler
Planets

Diana Dragomir (University of New Mexico) !

and the TESS Single Transit Planet
Candidate (TSTPC) team

Image credit: NASA/JPL-Caltech



Where is the exoplanet community at?
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Exoplanet Detection Techniques

Transits measure the radius
of an exoplanet.

ghtness
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Radial velocities measure
the mass of an exoplanet. _ .
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How have we been finding long-
period transiting exoplanets?

 Kepler - spent 4 years staring at
200,000 stars

 found ~2700 exoplanets

* But often missing planet mass (an
thus density

* relatively small sample

» stars to faint for follow-up
transit-based observations (e.qg.
transmission spectroscopy, RM

effect...

Credit: Tom Barclay



Kepler’s planet yield

NASA Exoplanet Archive
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The Transiting Exoplanet Survey Satellite
(TESS) and its Observing Strategy

e 10 cm aperture
e 600 -1100 nm

o clliptical 13.7-day
Earth orbit

® searches for transits
of exoplanets around
nearby, bright stars



The Transiting Exoplanet Survey Satellite
(TESS) and its Observing Strategy

10 cm aperture

600 - 1100 nm

elliptical 13.7-day Earth orbit
searches for transits of exoplanets
around nearby, bright stars
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TESS Objects of Interest '
(TOls)

62 sectors

1367 TOls with TESS Rp < 4 Re

329 confirmed TESS Planets

Last updated: 4/13/2023
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False Positive Vetting
through the TESS Follow-
Up Observing Program
(TFOP)

TESS Objects of Interest (TOls)

False positive screening, blend & stellar characterization

Seeing-Limited Phot.

(SG1)

ID nearby
EBs, measure
photometric

blending

Precise RV Work

Derive
planetary
orbits and

masses

' I. Improved
= - light curve,
ot et e N, i g e

Recon Spectroscop
(SG2)

Stellar
parameters|
ID blended

spectra

(SG4)

ephemeris,
meas. TTVs

High-Res Imagin
(SG3)

Resolve close

companions,
characterize
multiplicity




Why do we want to find transiting
long-period exoplanets with TESS?
Didn’t Kepler find enough?

larger sample of warm/
cold planets for

{ herl i i
atmospneric population-level studies

and dynamical
characterization of
cooler (giant)

characterize
the mass-radius relation of
(giant) exoplanets as a function
of irradiation, stellar mass and
stellar abundances

probe limits of planet
formation in the outskirts of
M dwarf planetary
systems



TESS Expected Yield for Single-
Transiting Planets

multiple transits (predicted)
one transit (predicted)

100
Orbital period (days)

Predicted Yield
(Villanueva et al. 2019)




How do we find TESS
long-period planets?

e search all Tmag < 12 Full Frame
Image stars

* use TESS diagnostics for a first
pass at false positives

 use TFOP and TSTPC resources to
rule out any remaining false
positives

1400 1425 1450 1475

1600

1800

2000
time [BJD-2457000]

2200

2150 2200 2250 2360.4

-100 0 100
time from transit [d]

Figure credit: Hugh Osborn
Villanueva et al. (in prep.)



Let’s warm up with some vetting

TICID=55652896

RA=73.98023

DEC=-63.2600

R *=0.801[R s]

M *=0.838[M _s]
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Let’s warm up with some vetting

TICID=167722708
RA=103.34006
DEC=-61.1568
R *=1.029[R s]
M *=0.977[M_s]
Teff=5568.83[K]
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Follow Programs within ISTPC WG

» RV
APF (Pl. P. Dalbaq) » SOPHIE (Pls: G. Hebrard and A.

WIYN-NEID (PI: A. Gupta) Santerne)
HIRON (PI: J. Rod
Magellan-PFS (PI: K. Collins) > CHIRON (PI: J. Rodriguez)

>
>
>
» HARPS-N (PlIs: E. Palle and I. Carleo) > VLI-ESPRESSO (Pl K. Hesse)
>
>

ARPS (PI: S. Umer-Moll) » Minerva-Australis (Pl: B. Nicholson)

TRES (PI: D. Lath
CORALIE (PI: S. Umer-Moll) o ( atham]

» Photomeftry
» CHEOPS (H. Osborn) > SG |

» NEOSSat (C. Mann) » Citizen Science Observers
» LCO (D. Dragomir, K. Collins, et al.)




“Planet Yield to Date” versus
“Expected Planet Yield”
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Yield to date

Villanueva et al. (2019)

 fewer candidates than predicted,
especially at longer periods

e possible reasons:
e eccentric orbits

e SNR threshold

* missed transits (a small fraction)
due to e.g. detrending

distortions or unaccounted-for 100 1000
gaps Period [d]




The TESS extended
mission(s) opportunity

* In EM1, ~60% of all year Primary
Mission ST candidates transited
again, becoming “duos”

 In EM2, over 80% of duos will show
a third transit

* In many of those cases, the

period will be uniquely
determined with just TESS data

40 60 80 100 150 200 250

Osborn et al. (2022) Period [d]




Discovery of HD 21749b (née TOI 186.01)
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Who is HD 21749b?

TESS mag: 6.95
RS: 0.69+0.03 RSun
franst ! Ms: 0.73 = 0.07 Msun

—2 0
Time - T (hours)

Period: 35.6077 + 0.0014 days
Eccentricity: 0.198 + 0.073

Rp: 2.84 % 0.24 REeartn

Mp: 23.2 £ 2.0 MEarth

or: 5.7 1.5 g/lcm?3

Teq: 423 £14 K

____"_-_-___.-c.).!___.ﬁ____._

0.4 0.6
Orbital Phase




A high-eccentricity warm Jupiter
(Gupta et al., in press.; has RV

Planets from the TSTPC

A dense temperate gas giant

Working Group

mass)

(Dragomir et al., in prep.;
has RV mass)

Planet Radius (Rg)
-

—
®
®
e
%
3
3
®

3-0 mas
x_~Poorly constrained/limits

es

An eccentric temperate gas

giant (Dalba et al. 2022;
has RV mass)

A system of two temperate
gas giants
(Mireles et al., submitted)

I

A multi of well-separated
planets (Osborn et al., in prep.)

TESS's coldest M dwarf planet
(Harris et al., submitted)

A 47-day sub-Neptune
(Hesse et al., in prep.;
RV mass in progress)

Figure credit: Ismael Mireles Orbital Period (d)

1000

‘A 141-day Jovian
(Mann et al., in prep.;
has RV mass)



Why do we want to find transiting
long-period exoplanets with TESS?

larger sample of warm/

cold planets for
population-level studies




Ismael Mireles - UNM

TOI 4600 grad student

Rp1 = 6.8 REarth Period = 82.7 days
Rp2 = 9.5 REarth Period2 = 482.8 days

Host: K star
Vmag = 12.6
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TOI 4127

Gupta et al., submitted

Orbital Phase
—0.002 0.000
| |

e

—
o
o
X

=

L

L e

—— Model
30 . _ ® NEID

Sector 20 ® SOPHIE

Sector 26 — Model
Sector 53 (binned)

Sector 53 (2-min)

I
=
(92

|

¢ &
¢—°—9
e

I
Ul
o

b ; 5 | To 0 10
Hours from mid-transit Days from mid-transit

Residuals [ppt]

Rp = 1.1 Ruup Period = 56.4 days Host: late F star
Mp = 2.3 Muup Eccentricity = 0.75




TOI 4465

Sector 40 single transit + APF RVs
predicted a 3-day 10 window.
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Host: K star

Rp = 1.02 Ruup Period = 101.7 days Vmag = 10.4
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TOI 4465 - transit recovery planning

A C G J 4 \ \ 0O P S V W X Y Z AA AB AC Al 5| Al \ ) AP AQ AR AS U AV AW AX AY AZ BA } | BC ) 3G BH Bl BJ BK BL BM BN BO BP BQ R BS B V BW BX BY BZ CA CB ( D CE C CH ClI CJ CK CL CMCN CO CP ( )R CS CT CU Cv czZ DB DC DD DE DF DG DH DI DJ DK DL DM DN DO DP DQ DR DS DT DU DV DW DX
1 Dark 5; backround marks the 3 sima window I
2 Light gray background marks the 2 sigma window.

White background and bold text marks the
1-sigma window.

Planned Sucessful Unsuccessful Planned Sucessful Unsuccessful Planned Sucessful Unsuccessful Planned Sucessful Unsuccessful

Color code observatinos by: ,
,and observations

Date=> 08/08 08/09 08/10 08/11 08/12
Name, Tel. Abrev, Tel. Ap.size UTTime=> 0 1 2 3 4 5§ 6 7 8 91011 121314151617 1819202122234 0 1 2 3 4 5 6 7 8 910111213 14151617 181920212223) 0 1 2 3 4 5 6 7 8 91011 121314151617 1819202122231 0 1 2 3 4 5 6 7 8 91011 121314151617 181920212223J 0 1 2 3 4 5 6 7 8 910 1112 13 14 15 16 17 18 19 20 21 22 23

M.Miller, ACF,0.25
I. Mireles, LCO-TFN, 1m

E. Hintz, BYU, 0.3m

Plavchan, GMU, 0.8m ] high humidity but a couple hours of data too humid storms; overcast some data, some clouds

Guillet, evscope, 0.114m unexpected clouds

P.Lewin-MLO,0m4-Ic L clouded out

Key Project LCO Teid-0m4

Key Project LCO McD-0m4 13 ppt ingress

Key Project LCO Hal-O0m4 partial ingress + in-transit

Key Project LCO SSO-0m4

Key Project LCO SAAO-1m0

Chris, HWD 0.32m

Greg, Kotizarovci 0.3m

PGuerra, OAA 0.4m

Lark, HAM 0.3m clouded out

Winsche, OBP-T430, 0.43m

John Downing, .24m Unexpected Clouds

Minerva Australias, 0.75 m

FRFrustaglia, 0.3m dust in the lower atmosphere [ clouded out

Eric Girardin, 0.4m clouded I

Kourovka, 0.4m, R&I flat LC in R/I, RMS=0.006/0.004m cloud flat LC in R/I, RMS=0.004/0.004m
Raquel Forés/Jose Mufoz, OAUV-T50, 0.5m I I clouded
NGTS Caught ingress at end of night

| | SRR REAEEEEREAE REERAN




TOI 4465 - A successful TSTPC
Transit Recovery

Transit detection from LCO (K. Collins), NGTS (M. Battley)
and Unistellar eVscope Network (P. Dalba)
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Dragomir et al., in prep.
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all giant planets with measured eccentricity (majority don’t transit)

P_e rio_d-E_ccentriCity TESS long-period giant planets with measured eccentricity
distribution
0.8-
2 0.6
» All TSTPC orbits measured so <
far with RVs are at least mildly S
eccentric O 0.4-
LLI
0.2
0.0

Period (days)



Why do we want to find transiting
long-period exoplanets with TESS?

larger sample of
smaller warm/cold planets

for population-level
studies




TOI 1221
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TOI 4189
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Hesse, Mireles, Dragomir et al., in prep. ESPRESSO RVs (Pl Katharine Hesse)



TOI 4189

Rp = 2.56 Rearth
Mp =13.8 +/- 2.8 MEartn

Period = 46.96 days
Eccentricity = 0.23 +/- 0.15

Host: G star
Vmag = 9.4

Hesse, Mireles, Dragomir et al., in prep.



Why do we want to find transiting
long-period exoplanets with TESS?
Didn’t Kepler find enough?

larger sample of warm/
cold planets for
population-level studies

probe limits of planet
formation in the outskirts of
M dwarf planetary
systems



Mallory Harris - UNM grad
TOI 904 student
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Next steps

larger sample of warm/
cold planets for
population-level studies

dynamical
and atmospheric
characterization of
cooler (giant)

characterize
the mass-radius relation of
(giant) exoplanets as a function
of irradiation, stellar mass and
stellar abundances

probe limits of planet
formation in the outskirts of
M dwarf planetary
systems
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Takeaways

* Finding and characterizing long-period transiting planets is a
necessary next step towards placing the Solar System in context

* Alarge (10s of planets) sample of warm and temperate gas giants
will enable studies of:

* planet density as a function of stellar mass, abundances, and
of distance from the star at low irradiation

» orbital eccentricity as a function of orbital period, system
architecture and stellar mass and abundances

 TESS has found 10s of transiting planets and planet candidates
with period > 50 days

e growing the sample of long-period planets transiting M dwarfs

» already a few with periods in the 200 - 500 day range

« TESS Extended Mission 2 will solve period ambiguities for
many systems, further increasing these yields
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