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Why Study Occurrence Rates Across Using Roman to Study Galactic Populations Challenge with Using Roman
Galactic Populations? Previous studies of planet occurrence across galactic populations ~ VWhile Roman provides unprecedented opportunities, it also presents
Exoplanet demographics is known to depend on host star have suffered due to the small sample size of planets beyond the  unique challenges to inferring occurrence rates across galactic
properties (e.g. metal-rich stars host more planetsl®g-!]) thin disk populations

The Roman Galactic Bulge Narme S I techn q . , ershib
Time Domain Survey amely, previously used techniques to determine a stars membpersnip In

(GBTDS) will solve this by a particular population will not be available for Roman (no chemical
detecting ~ 100,000 abundances & lack of full 3D velocity information)

The Galaxy hosts multiple different stellar populations, each
characterized by different distributions of ages, chemical
compositions, and dynamical histories
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substructures provide a the bulge, thin disk, and thick i A
powerful laboratory to disk each. =
study how stellar | o [ thick disk -
L Figure |: Roman will probe parts of 5 10 E [ thindisk 3
propertles influence . . the Galaxy never before covered by © F :
planet formation and Thin Disk Thick Disk exoplanet surveys. Pink points indicate = 10°E _
evolution all known planets, and the green points - -

A g

[E—
)

(e
III' gl

Correlations between Stellar Properties Occurrence Rate Procedure = L L L L L 1
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When .studylng occurrence rates across populations, we ) Use a galactic population synthesis model (e.g, T/hepr:per motion distibUtoONs 125000 M
.must disentangle correlations b.etwe.e.n stellar properties SYNTHPOPLIC!]) to forward model the proper motion for each population are unique i —— Full Sample
if we want to understand what is driving occurrence rate distributions of each galactic population in the Roman field 100000 |- —— Bulge
differences B Halo
| 2) Fit a linear combination of the models to the proper g P00 —— NSC
Example of one correlation: motion distribution of your observed stellar sample 2 <0000F — TEiCkDDiIS(k
_ === Thin Dis
The planet occurrence rate is lower in the thick disk than the 3) Repeat the model fitting, this time using just the 55000 F- E
thin disk.[2311s this caused by: “beerved planet host stars | i :
° of ]
1) Metallicity? (thick disk hosts generally lower metallicity 4) Calculate the occurrence rate by taking the number of ~ Gives you the number of —20 -10 10

starsl®); metal-poor stars host fewer planetsleg. 1)
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planets divided by the number of stars in each population  planets in each population ol L —TTT]
2) Age? (thick disk stars tend to be older than thin disk stars*; || / : : : C e : : Bulge
) Aget ( . c Crucially, this method does not determine whether an individual star is a 600 Halo
occurrence rates known to change with stellar ageleg:>)) . . A
member of a specific population. g T — NSC 1
3) Something else unique about the thick disk? (dynamical t leverages the large sample size from Roman to determine statistically the fraction of your | & *°F - iE?CkDI.)IIS{k
: : C : . : B — mn is
interactions, the radiation environment, etc., could lower sample belonging to each population. 2001 ~
the occurrence ratel®e- o)) i ]
We can also introduce correlations between planet occurrence and stellar age and metallicity into ol -
Comparing Thin and Thick Disk the galactic models, allowing us to account for both correlations simultaneously —20 —1()“1 [mas/yr]o 10

Occurrence with K2 & APOGEE || «f - J—L o Testing the Framework:

I 1 We generated a simulated stellar population with SYNTHPOP Takeawa S
Goal: Compare the occurrence rate in the £50F | 1 and designated 10,000 random stars as “planet hosts” >/
< |
thick and thin disks while explicitl Epns | h » . . - S -
crolline for stell callicit PHEEY £ 90 | We set the probability of a star being drawn from the thin By studying planet occurrence in different galactic
controlling for stellar metallicity. : |y 1, . . - -
- 4 B 30F | 1 disk as 3 times larger than the bulge (sets the relative || Populations, we can learn how planet formation
O B i , . ' . .
K2 has observed a diversity of planets in the gzo:— i 1 occurrence rate between the thin disk and bulge) and evolution is affected by stellar properties.
: : : , Z. : I ]
thin and thick disk. Vve combme. 4 samplel of 1ok J_ | 1 We calculated the occurrence rates in the thin disk and bulge | | When analyzing the occurrence rates, you must
planets from K2[37and more] with  chemical : | : -
bund ¢ APOGEEE! U g , | { for 300 random samples of planets, finding that we were able account for the correlations between stellar
T L S .
abundances  from | to  calculate 20 25 30 35 40 3510 recover the correct relative occurrence rate properties to understand the cause of the
occurrence rates in the thin and thick disks. Thin Disk/Bulge Planet Occurrence Ratio difr
What's Next: occurrence rate differences.
. - | | | ' | .
To explore the effect of metallicity, we split the We won a Roman Cycle | proposal to improve | | We find that the lower occurrence rate in the
thin disk into two bins to compare the thin 0.6 and validate this method. thick disk can be explained by metallicity, in
and thick disk occurrence rates at constant | | | contrast to previous studies.
metallicity = 0. 144+0 052 - We will run tests by creating simulated Roman
0.4 0040 .- || Istellar and planet sample and test (1) how well § | We present a framework that will allow us to
. I L A Th|ck disk . . . . . .
Preliminary results: . e 'zta G this method can constrain the occurrence rate in | | calculate occurrence rates in different galactic
- ~ o LD TR - - - , »
We find that the lower 02 - ""~~.a *"i“ﬁm }% ?‘” . |/ feach population, and (2) how well we can || populations using Roman'’s transiting planet survey.
. b E S RO A}*@w - decorrelate planet occurrence, metallicity, and age
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