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Galen Bergsten N, Again

ng — the frequency of Earth-like, habitable zone planets

Ne =~ 10%

[0.7, 1.5] Rg planets orbiting Sun-like stars

Previously, in Bergsten et al. (2022)

... but what about binaries?
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Galen Bergsten

The Trouble with Companions

Unresolved stellar companions mess with our measurements of:
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Detection Efficiency

10% Complete to
1 Rg Planets

+

+50% underestimation of
planet radii

10% Complete to
1.5 Rg Planets

Occurrence Rates

already a
hot mess

a considerably
hotter and
messier mess

see e.g., Ciardi et al. (2015); Furlan et al. (2017)




Galen Bergsten Control Sample & Occurrence Simulations

Original Stellar Catalog

200 Kepler stars |

40 systems with Assign Companion Systems
(previously) unresolved |
companions Draw Companion Properties

Adjust Detection Efficiency
|

(re)Calculate Occurrence Rates

ng =~ 14%
Compared to ng =~ 10% previously

Correcting for unresolved companions
can increase ng by 1.4x




Galen Bergsten Integrated Demographics

Integrated Demographics (noun):
using data from multiple surveys/methods for better occurrence rates

Word Origin: it sounded cool Clanton & Gaudi (2014, 2016); Kunimoto & Bryson (2021)

Confirmed Planets in the Exoplanet Archive
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Galen Bergsten How It Works

Dissertation Talk: #315.01D Galen Bergsten | Curriculum Vitae
Wednesday @ 10am Ph.D. Candidate | gbergsten@arizona.edu
Potomac 5-6 :
Skillz:
v" Delusion

v" Neurodivergence

v Stockholm syndrome for your career




Galen Bergsten Giant Planets 6

Occurrence Distribution of Giant Planets

>
O

[

Q

35

O
[}

pust

L

=

Q

C
i)

o

S Radial Velocity 3 Direct Imaging

3 Transit
(Kepler) (CLS) (SHINE) — Integrated Model

1
Semimajor Axis [au]

see e.g., Fernandes et al. (2019); Fulton et al. (2021)



Galen Bergsten New Software

Announcing a new software package for
exoplanet demographics.

Every kind of exoplanet science is better
In a population context.

More people should do demographics
(again, Stockholm syndrome)

<> B ARD I C Bayesian Analysis for

>< Revolutionary Demographics

an unsubtle reference to with an Integrated Census
Dungeons & Dragons

online eventually at github.com/gbergsten/bardic
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Summary

Stellar Companions

* Observed 200 stars with AO & found 40 w/ unresolved companions
* Implemented corrections for unresolved companions in pop.sim.

* Doingso canincrease ng by 1.4x (from 10 - 14%)

Integrated Demographics

* New technique for demographics w/ multiple surveys/methods

e Starting w/ giant planet occurrence rates

 Software package coming soon!

Dissertation Talk: #315.01D
Wednesday @ 10am in Potomac 5-6

AWESOM SAG Splinter Session
Monday @ 9am in Annapolis 1-2

DEIA Policy: #340.01
Wednesday @ 2pm in NH 4

Planet Frequency

Occurrence Distribution of Giant Planets
10%
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0.01%

Transits Radial Velocity

Direct Imaging
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W @gbergsten.bsky.social | B4 gbergsten@arizona.edu | ® gbergsten.github.io



BACKUP SLIDES

for the inquisitive audience
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Properties of Companion Systems

No RUWE
RUWE =1
RUWE = 10
RUWE = 50

1 100 1,000 10,000
A separation [arcsec] A separation [au]
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Modifying Kepler's Completeness for Unresolved Stellar Companions
Observed Companion Rate (20%) Field Companion Rate (45%)

®
ad
(%2}
2
o
©
o
+J
]
c
©
o

Original Completeness (%)

Orbital Period [days] Orbital Period [days]

— Original Completeness —-= Scaled with Mixed Hosts Scaled with Primary Orbits Scaled with Secondary Orbits




Galen Bergsten Correction Factors 12

Assuming Planet Orbits the Primary Assuming Planet Orbits the Secondary
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Occurrence-Period Distributions
Field Companion Rate (45%)

Observed Companion Rate (20%)
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super-Earths

—— Scenario 1 (without companions)
—-= Scenario 4 (with companions)

super-Earths
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Relative Increase in Occurrence Rates
when Correcting for Unresolved Companions

Observed Companion Rate (20%) Field Companion Rate (45%)
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Orbital Period [days] Orbital Period [days]




Galen Bergsten Table of g Changes

Description ne %] Increase Relative to No Companions

Conservative | Optimistic

No treatment of stellar companions 13.3734

Planets orbit primary o g 1. 104:8.' ég

Observed Rate (20%) Planets orbit secondary 1297077

. . . 0.43
Mix of primary/secondary orbits ‘ 1.18*9-22

Planets orbit primary
Field Rate (45%) Planets orbit secondary

Mix of primary /secondary orbits




Galen Bergsten

Single-Survey Models

Planet Frequency [%]

model (kepler)
model (cls)
model (shine)
model
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Galen Bergsten Integrated Giant Sample 17
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