| et search and characterization with the
posed POET Canadian space mission
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Small stars offer the best opportunity for
rocky planet transit detection

brown dwarf brown dwarf
2000 K 1000 K

Earth

Earth transiting in front of red / brown dwart :

JEsit depth - Red / brown dwarfs make up 75%
’ — ’ of all stars in the Milky Way.
%, Earth transiting 1n front of Sun: %, U . ,
5 0.008% transit depth 5 - However, their intrinsic faintness
makes them challenging.

time lime



Solution: POET
A space telescope for exoplanets around small stars

POET: Photometric Observations of Exoplanet
Transits

Aperture: 20 cm, off-axis, 1 deg FOV

telescope (D = 20 cm)

Simultaneous 1imaging:
nUV (300400 nm; CMOS)
VNIR (400-900 nm; CMOS)
SWIR (900-1700 nm; InGaAs)

sun-synchronous
low-Earth (~600 km) orbait

Science:
80% dedicated to exoplanets spacecraft bus (60 x 60 x 60 cm)
20% general astrophysics with telescope

Anticipated launch: 2029; 2+ year mission

A top-ranked priority in the Canadian Astronomy
Long Range Plan 20202030




POET: equipment and
infrastructure

Dauntless spacecraft bus
(shown: LEO 2 communications satellite)

A

Telescope prototype
(see paper 13602-6, Pelletier-Ouellet et al.)
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- Western Space Institute satellite communications upgrade

. Small-satellite lab upgrade (Engineering)

. Infrared remote-sensing lab (Engineering / Science) Satellite communications



Exoplanet space missions

POET Optimization:

. photometric-only observations:

maximum sensitivity

+ 900 nm — 1700 nm band pass: IHFOPS
peak 1n red dwarf brightness

. 80% focus on exoplanets:

dedicated resource

POET:
optimized for red dwart exoplanets

Blue = Photometry bandpass ; Red = Spectroscopic bandpass
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POET: Science Goals

1. Atmospheric characterization of known transiting planets:
from super-Earths to Jupiters

nUV (300 — 400 nm) photometry complements longer-wavelength HST, JWST
observations

2. Discovery of rocky exoplanets around ultracool dwarts:
some the nearest transiting Earth-sized planets
planets in <2-week orbits, potentially in the habitable zone

could yield the best prospects for atmospheric and biosignature characterization with
JWST



POET Science Goal 2: Exoplanet Discovery

0.080 M., 1.0 R, 0.080 M., 1.0 R

- SWIR (900 nm — 1700 nm) channel

. Single transits of an Earth-sized planet are
detectable for / < 13 mag or J < 13 mag
stars.

. However, >M6 ultra-cool dwarts have
colors of /—J > 2.6 mag.

. Observing at J band (1.2 micron) could
allow >2x more targets.

Simulated Earth-sized planet transits around a 0.08 Mg, star. Transits are
detectable with POET on sufficiently bright ultra-cool stars. SWIR
Credit: Paulo Miles-Paez (CAB) wavelengths provide a 2x better sensitivity and planet yield.



The POET input catalog of ultra-cool dwarts:
selecting the dimmest, closest and reddest stars

 Source: Gaia PR3, with 2MASS

J < 14 mag (246,830) - bright enough for POET

* (Candidate UCDs (7,256)

. nearby (< 100 pc)

- ultra-cool: spectral type M6 or later

My(mag)

» using G — Gyp and G — J colors as

a proxy for spectral type
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redder Lambier et al. (2025)
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The POET input catalog of ultra-cool dwarts:
validation — remove unresolved binaries

—— Empirical Main Sequence
—— Upper Limit: -0.3765 mag
—— By-eye Selection of Coolest Single Stars
Initial Cutoff
¢ Candidate Binaries (3945)
¢ Candidate Single Stars (3245)

redder

Validation

remove likely binary stars that
are spatially unresolved in
Gaia

>3200 candidate POET targets

Transit geometry optimization

seek targets seen nearly
equator-on (i ~ 90 deg)

Lambier et al. (2025)



POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

Gaia ID: 3487823991963915264 .
e e . Stellar radius R

; 1 Bl (0. MY )
N =~ z 2 2
N —2Lai-1| of + oy

N = # of photometric points

PanSTARRS

H Gaia Oi = ObserVed ﬂuX

-+ 2MASS : : !

Fowse M = free-parameter multiplicative factor
ynt. Phot.

Y; = theoretical flux predicted by the model

024-5.0 (x2 = 12.0) 0; = uncertainty of the data
023-4.5 (x2 =14.0)

023.5-5.0 (x, = 19.4) O = a systemic uncertainty
023.5-4.5 (x2=12.0)

024-5.5 (x2 = 33.7)

R
M = (5

A (ll m) Credit: Genaro Suarez (AMNH)




POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

. Stellar radius R

- Rotation period P

. using TESS, Kepler, K2 or
ground-based telescope

TESS light curve of an optically faint (7'= 14.4, G = 16.2) ultra-cool dwart. photometry
0.03

=
N

data
detrended

window function
0.1% FAP

LP859-1, Sector 38
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LS periodogram
Normalized Flux

2-min data Median filter
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Time (days) Phase

Miles-Pdez et al. (2023)



POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

| | | | ] | ‘ ||
— ZMASS O407+1546 (L3.5) Data
MASS 040741546 (L3.5) Uncertainty

BT-Settl Model, T..=1700K, 10g(q)=5.0 . Rotation peri()d P
vsini=0km/s
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POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

| ‘ ||
— 2MASS 0407+1546 (L3.5) Data
— 2MASS 040741546 (L3.5) Uncertainty

—— BT-Settl Model, T_,=1700K, Iog(q) 5.0 . Rotation peri()d 2
vsini =20 km/s

. Stellar radius R
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POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

| ‘ ] :
— 2MASS 0407+1546 (L3.5) Data Stellar radlus R
2ZMASS 040741546 (L3.5) Uncertainty : ;
'\ —— BT-Settl Model, T_.,=1700K, log(g)=5.0 . R()tatl()n perl()d P
' [l v sini =40 km/s
i

Projected rotational velocity v sin(7)
# (high-dispersion spectroscopy)
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POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

1.4 — qnnock etal. (2021) —— 2MASS 0407+1546 (L3.5) Data
- 2MASS 0407+1546 (L3.5) Uncertainty

12 L —— BT-Settl Model, T..=1700K, log(g)=5.0 . Rotation period P
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Tannock etal. (2021)



POET input catalog of ultra-cool dwarts:
physical parameters of candidate host stars

| |
1.4 — qnnock etal. (2021) —— 2MASS 0407+1546 (L3.5) Data
| 2MASS 040741546 (L3.5) Uncertainty

19 | —— BT-Settl Model, T..=1700K, log(g)=5.0 . Rotation period P
' vsini=83km/s

. Stellar radius R

. Projected rotational velocity v sin(i)
(high-dispersion spectroscopy)

required to determine stellar inclination i

M - Inclinations i > 70 deg required for POET UCD
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Detection rate (%) Detection rate (%)
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SWIR-detected
Planetary Radius (Re)
Simulation results: 100% higher yield of 0.5-1.5
Earth-radius planets in SWIR vs. VNIR.
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The SWIR advantage for POET
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POET’s rocky planet yield over one year of observations:
2 — 10 new Earth-sized planets

* Could be the best targets for seeking life-supporting
atmospheres
* similar to or more suitable than Trappist-1 planets

VNIR simulations

N
o

I: 60-90 deg
1: 70-90 deg
I: 75-90 deg

-
U

* Assumptions
* SWIR observations (2 x lower yield for VNIR)

* 80% duty cycle and 25% GO time (1.e., 220 days of
observations over a year-long campaign)

* sample of 110-220 high-inclination ultra-cool stars,
continuously observed for 2—1 days.

(optical)
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e Caveats: 2 new Earth-sized planets detected

* conservative planet-size distribution, centered on 1.1 Earth under conservative assumptions
radii (Ment & Charbonneau 2023) o : 60-90 deg

* conservative duty cycle and GO time assumptions O ;g:gg ggg
* uncertainties in VNIR and SWIR detector sensitivity.

* single-planet systems, while transiting planets around cool
stars are most often in >2x multiple systems.

=
o

-
=

# Planets detected
(infrared)

O
U

* Factor of 3 — 5 higher yields (6 — 10 planets)
anticipated given above caveats.

Window length (d)
Credit: Paulo Miles-Paez (CAB)
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POET:
science team expertise
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lanet search and characterization with the
_ proposed POET Canadian space mission
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- nUV (300400 nm; CMOS)
»  VNIR (400-900 nm; CMOS)
- SWIR (900-1700 nm; InGaAs)

Transiting exoplanet focus

Proposed launch: 2029







The SWIR advantage for POET

Terr = 2500 K, VNIR Ter = 1500 K, VNIR
— == Tet = 2500 K, SWIR Tefr = 1500 K, SWIR

. Realistic S/N simulations for
the POET input catalog of
ultra-cool dwarfs in the VNIR

and SWIR bands:

» >3x higher SWIR S/N for 1500
K brown dwarfs

laperture = 3 PX Per Pixel . hlgher SWIR S/N for 2500 K
16 14 12 10 ultra-cool dwarfs at G < 17 mag.

Gala G Magnitude

Credit: James Sikora (Lowell Observatory)



POET: equipment and
infrastructure

Satellite communications

&) Western
* Institute for Earth
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Spacecraft ' Telescopé
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The challenge: discovering extrasolar life

< Star

Nitfous Oxide

Transit "= (N,0)

Measurement : ‘..

Methane [ 2
(CHy) 0‘:
Increased

Absorption | -

® e

Ozone

\ . SN
(05) . Carbon Dioxide™

% (€0,
Water Band T

T | T T wanl T | T
10um 15um

Step 1: Step 2: Step 3:

Discover Earth-like exoplanets Detect existence of atmosphere Detect disequilibrium biochemistry
Jupiter-sized planet . : e : : . .
A 1% transit depth 0.01% (100 ppm) transit depth differences no biochemistry
Barfisiaac B 0.008% (80 ppm) transit depth <1 ppm transit depth differences ledels
around a Sun-like star ol P PP P &k
bathsie 0 0.5% — 1% transit depth  0.005% — 0.01% transit depth differences gl
around a red dwarf star
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