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% GBTDS Transit
« Opportunities

1.

Demographics of
(Ultra-) Hot Jupiter
Atmospheres

Demographics for
Rare* Planetary
Systems

Demographics across
all major Galactic
populations

Kepler-Like Occurrence [M/H]-Scaled Occurrence
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Transiting Planet Yield Agsuming Kepleerike Occurrence (F146<22)
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= » Forward Modeling to Measure Occurrence
Rates




Demographics across all
major Galactic populations
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* Bulge/Bar: ~69%

* Thin: ~13%

* Thick Disk/Thick Bulge: ~18%
With Metallicity Effects:

* Bulge/Bar: ~80%

* Thin: ~17%

* Thick Disk/Thick Bulge: ~3%
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Number of Number of Stars Niber o Fraction of

Planets Searched for Planets Planets
Planets per Star that are
detected




Yield calculations are
complementary to
occurrence rate

calculations
(S
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Number of Number of Stars
Planets Searched for
Planets

Number of
Planets
per Star

Fraction of
Planets
that are
detected

Yield = (~108 stars) x (~1 planet/star) x (~10> detected) =
~10° planets detected




Number of Stars
Searched for
Planets

Total Number of
Planets (i.e., Yield)

Number of
Planets

-~ around Star i
N* npl (
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Probability that
planetjis
detected
orb|t|n star I




1. Gather a Sample of
Planet-Search Stars

2. Assign an appropriate number
of planets to each star based upon planet occurrence rates

3. Determine which planets will be detected.

4. Sum up all detected planets to calculate the Yield




« We do not yet know what stars
Roman will search

Solution:

* Estimate the sample of planet
search stars using Galactic models
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The Milky Way Model

Image credit: NASA/ESA/S. Farrell (University of Sydney)



Thlck Disk

Extends to R~5 kpc, Z~3 kpc
Old Population (~8-10.Gyr)
Similar Chemically-to

Bar/Bulge

»

’

.Thin'Disk ‘

Extends to R>20 kpc, Z~0.5
~ kpc .

Age Gradient: dAge/dR<0
Metallicity Gradient:
dMet/dR<0

Imaée credit: NASA/ESA/S. Farrell (University of Sydney)
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3D Stellar
Density
Distribution

Catalog of synthetic stars
with apparent brightnesses
and fundamental parameters
(e.g., age, mass, radius, etc)

Draw from IMF,
Age, [M/H]
Distribution

Reddening and
Extinction

Stellar Evolution/
Isochrone Models

Stellar
Atmosphere
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~— BGM1612
—— Dust Only
% Terry+2020
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—— Dust+IMF
¢ Terry+2020
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AF Dwarfs AF Dwarfs
[ M Dwarfs [1 Subgiants [ M Dwarfs [] Subgiants
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Below 22"9 mag:
e ~10% Stars per arcmin? ¢ ~1 Million AF Type « ~4.9 Million M-Type

~81 Million Total e ~20 Million G-Type e ~450,000 M5-9V Type
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F : Planet Occurrence Rate

Nuber of Planets per Star, n,)
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F : Planet Occurrence Rate
Number of Planets per Star, 1 p,)
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How do we extrapolate to Planet Radius |
unknown populations?
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F - Planet Occurrence Rate
(Number of Planets per Star, n p,)

SRR RGBT e 3 ST TR P BB AT
How do we extrapolate to Planet Radius | No Long Period

i’ P Inflated Jupiters
unknown populations?

¥ Kepler Mono and
K e FGK Stars Duo Transits:

: Kepler DR25: Herman et al.
Plug in results from Kepler Hsu et al. (2019) (2019)

Roman can’t detect ,’
small long period
FGK Planets

>
20 years
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w2 How do we extrapolate to Planet Radius

“% “ unknown populations?

¥ . FGK Stars

* Pluginresults form Kepler

L * M Stars
} * Need to supplement transit surveys
* RVs, Direct imaging
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Kepler DR25 & RV
surveys
Hsu et al. (2019)
Johson et al. (2010)

Kepler M dwarfs:
Dressing &
Charbonneau (2015)

RV + High-Contrast
Imaging:
Montet et al. (2014)
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F . Planet Occurrence Rate
(Number of Planets per Str, 1 p ;

e i
Planet Radlus

% unknown populations?

Kepler + RVs
Kepler+ RVs

! + FGK Stars

Kepler + Kepler

Plug in results form Kepler
Extrapolated

* M Stars RopIS:
Need to supplement transit surveys 4 Extrapolated
RVs, Direct imaging '
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Total Number of planetjis
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n: Survey Efficiency
p transit X D Wmdow X Pdetec
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** Probablllty that a tranS|t occurs whlle belng observed
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*x Probablllty that a tranS|t occurs w{ule belng observed
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*k Probablllty that a tranS|t occurs whlle belng observed |
cOXY
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1.0 —— =1 transit -

0.8 i —_— =2 transits_:
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n: Survey Efficiency
77 P transu: X Pwindow

g 8 N Rhaad® '8 & ST R TR N ek TR
B Probablllty that an observed transit is detected




n: Survey Efficiency
DPtransit X Pwindow

e o PO a5 ST e A vy e 8 S R R e R
*x Probablllty that an observed transit is detected

What is a detection?
Calculate Multiple Event Statistic (MES)

* Hy(No Transit): MES=0 with variance 1
* H (Transit): MES > 0 with variance 1




%50 Calculate Multiple Event Statistic (MES)

n Survey c:ency
ptransﬂ: X pwmdow

R R B o TR LA, O GO TR TR B P
xx Probablllty that an observed transitis detected

« What is a detection?

: Hy(No Transit): MES=0 with variance 1
jff * H (Transit): MES > 0 with variance 1

Model this process using injection/recovery experiments

i * Must be done at pixel level to model crowding




n: Survey Efficiency
lransit X Pwindow pdete

SR L B & TR TR | PG AR A
ok Probablllty that an observed transit is detected




n: Survey Efficiency
77 ot ptransit X pwindow pdetect
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n: Survey Efficiency
Tl = Ptransit X Pwindow -

R S Gy & SOETVELGET TR RO RAE
ar Probablllty that an observed transit is detected
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from Plxel Level
Simulations

Cavg
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n: Survey Efficiency
P transit X P window

Ex Probablllty that an observed transitis detected
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n: Survey EfflClency
ptransﬂ: X Pwindow pdetect
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Fraction of
Planets that
are detected

Number of Number of Stars Number of

Planets Searched for Planets :lanets per
tar

Yield =(~108stars) x (~1 planet/star) x (~10-3 detected) =




Number of Stars
ARLERRLAMALL Searched for Planets
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Transit Sensitivity

Fraction of
Planets that
are detected
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Takeaways

3 S o Pl s SRR RS e S T s R R A R R e R
. Yleld Calculatlons can be used to determlne science goals
. * Planets in Varying Galactic Populations:
* Are planet occurrence trends driven by stellar correlations?
* Long-Period Planets

* Roman sensitive to Jupiter/Saturn analogs in both transit and
microlensing

» The planets that previously considered rare, will not feel so
rare anymore

4% * For now, the presented yield calculations are a forecast
' » Butsoon, the framework can be used to extract occurrence rates
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