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End of Prime

Cammissioning The Galactic Bulge Time Domain e
- Jin 2027) Su rvey Oct 2031

Feb 2027 Aug2027 Feb2028

70.5days
High-Cadence Seasons
Low-Cadence Seasons

1.

2.

3. Grism Snapshots

4. Multiband Snapshots
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End of Prime

e The Galactic Bulge Time Domain Mission

Commissioning (~Jan 2032)
~ Jan 2027
( l ) Survey Oct 2031

] 70.5 days

* 6 Seasons (S1-3, S8-10)
e 70.5 day duration
 4.5-year Total Baseline
 Primary Filter: F146 (0.9-2.0 um)

 Secondary Filters:
* F087(0.8-1.0 um)
¢ F213(2.0-2.3 um)

o il R  Secondary Filters Taken at ~3 hr cadence
3 2 1 0 =1 =2 =3 (Every ~14t" exposure)

January 3, 2026 ExoPAG 33 6



End of Prime

Cammissioning The Galactic Bulge Time Domain e
(3N 2027) Su rvey Oct 2031

— 70.5days
= * S4-7: Low-Cadence (~3 days)
| [ * Multi-bandpass Snapshots:

(m?)

Effective Area

- toeran . 3x/season (30 total)
€ | f - 5 Filters: F062, F106, F129, F158, F184

* Grism Snapshots: 3x/season (30 tot)
.. L - R~500-800, ~8-10 km/s resolution
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The GBTDS for Transit Scientists
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M

Brightness

EVERYTHING IS FOR YOU!
AND THIS ONE THING IS FOR HIM!
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The GBTDS for Transit Scientists

Because for the first time ever, a space-based, high-
cadence photometric survey is not just for us.

Januar y 3, 2026 ExoPAG 33
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Transiting Planets
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TranSiti ng Pla nets Kepler-Like Occurrence [M/H]-Scaled Occurrence
° Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
iIn Roman

10°

101

| | || |
1. Demographics for Rare* HHF
Planetary Systems 10° - |
2. Demographics across all
major Galactic 1:3 -rH
populations |

3. Demographics of (Ultra-) ms
Hot Jupiter Atmospheres 133

F‘H
F_

1&1
10°
Rare*: occurrence has yetto be 103 _ i |

measured well due to sample size ||

101
<2R. -4R, 4-8R, =B8R, Total
Januar y 3, 2026 Planet Radlus




Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
| L L LU L UL LU L DOLUNLULI S N U LINLAL U U [ N N N N NN NN D B N N N N N R N O DL L DL L L
All Planets <2Re P>10 day P>100 day
np1=80025 np;1=38849 np=10177

[

10°

4-8R,
>8Re

104

103

102

planets kpc™

10t

poanad g gl gl ool oo gl

10°
10°

104

103

102

planets kpc™

10t

[EEERTIIT RTINS EETTI] B SR B - SNE AT RN RNt B R AT B S W ARt |
-

LINLILLLLLL | LILBLILLLLL | LILILLLLLL | LIBLBLILLLLL | LILILRLALLL | I
IBEEEEI EEEEEEEE)) EEEEEEEE EEEEEEE I BN .
ool o gl g ol g ool o aaul
BN RN BEEEEEEEN BN EREEEI BRI .
[ENEETT EEEEEETT BRI BRIl S |

100|||||||||||||||||||||||||||||||I||||||||||I||||||||||||||I|||||
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Distance [kpc] Distance [kpc] Distance [kpc]

January 3, 2026 ExoPAG 33



Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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Transiting Planet Yield Assuming Kepler-Like Occurrence (F146<22)
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Roman Transits and Microlensing

Combined Microlensing+Transit Sensitivity

BRI

Joint Demographics! 10000 i AR e 10°
* Sensitivity to different Looe 107
features 10¢

* Mass vs. Radius
 Mutual inclinations &
multiplicity
* Coverage from O-
infinity AU for gas-
giants
« Same Stellar

Population at long
F)Eari()(jfs o Transit (n¢ranz27) o Transit (n¢ran<7) 5 10-1

0.601 6.03 0.1 0.3 1.0 3.0 10.8 30
Semi-Major Axis [AU]

5
100 410

= 10°

10 10°

102

Planet Mass [Mo]

1.0p
101

0.1E 10°
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Transiting Planets
in Roman

1. Demographics for Rare*
Planetary Systems

2. Demographics across all
major Galactic populations

3. Demographics of (Ultra-)
Hot Jupiter Atmospheres

Rare*: occurrence has yet to be measured
well due to sample size

Januar y 3, 2026

Kepler-Like Occurrence [M/H]-Scaled Occurrence

Transiting Planet Yield Assuming Kepler-Like Occurrence (Fl46<22) _
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Exoplanet Atmospheres with
Roman Yiwei Chai

(JHU)

Case 1: Broadband Case 2: Broadband
Transit Spectrophotometry

Emission Spectrum

0.00020 4
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1.5
Wavelength [um]
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Wavelength [um]
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Exoplanet Atmospheres with

Roman

18 mag star, Rp=5.4 Earth radii, Mp=28.9 Earth masses, Teq=3002 K

131 FO87
1010
1005
memmmmmmm
0995
090
oS 35

5 injected recovered
Q90

& 10| F146

0990 4

injected

recovered

0 10

January 3, 2026

o b
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S0 “w
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phase

ExoPAG 33

Yiwei Chai
(JHU)

NS posterior distributions

”| Rp/R* .| eclipse

depth

FO87 -
F146 ~10 ppm err!

.

oon 0% oo 00N o0 o0l 0 000) -0 0002 ~0 0001 00000 00001 O0ODO2 OCODOY QOOOM

Able to distinguish Rp/Rs + Fp/Fs
depths between filters!

Struggles with longer period + lower SNR planets
Also pretty computationally expensive...

25



Exoplanet Atmospheres with
Roman - Yield Estimates UHU)

Case 1 - Chromatic Transits

(at least ~500 total)
Clear, C/0=0.55, logZ=0.0 Cloudy, C/0=0.55, logZ=0.0
F087-F146 F146-F213 F087-F146 F146-F213

4 e 90 0

6 hour

1 6 hour [ 1!} 0

12 hour 1 12 hour 0

Able to detect more chromatic transits for clear atmospheres

January 3, 2026

Yiwei Chai

Case 2 - Secondary Eclipses

(at least ~900 total )
clear/cloudy, C/0=0.55, logZ=0.0 clear/cloudy, C/0=0.2, logZ=0.0
thermal only thermal only
F146 FO87 F213 F146 FOB7 F213
n o s o 3
Ly 173 0 1 0 0
12 hour 1 75 0 1 0 0
ExoPAG 33 26



Timing Deviation H

Detecting Orbital Decay with Roman  |£%

Kylee Carden h;m:: .v,;;
(JHU)

A Short History of (Orbital) Decay: Roman’s Prospects for Detecting Dying Planets
C a rd e n et a l" (2 02 5) Kylee Carden' ©, B. Scott Gaudi' ', and Robert F. Wilson™’

Dcp::mmm of Astronomy, The Ohio Stale Um'u.rﬂn) 140 West I.S:h Avenue, Columbus, OH 43210, USA; carden, 33 @osu.edu
: Department of Astronomy, University of Maryland, College Park, MD, USA

Predicting up to ~10 planets with ey o Space AL Cnter 8900 el Rosd, ot O 1
detectable orbital decay in the : I : ;
GBTDS
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Roman’s Habitable Transiting
Planet Yield

8.2 0.4 0.6 8.7 0.8 0.9 l.8

=t
=]
L]

Earth-like:
e R=0.5-1.5R e

Conservative HZ Yield: 18 +/- 6
Optimistic HZ Yield: 33 +/- 6

Host stars all late M dwarfs

10

10% : 16 Confidence Interwval

for an Idealized Transit Survey

Number of Stars Searched for Transits

* 0.1-0.3M_sun Lo+ -
* Periods from ~9-40 days ; =
e F146 = 18-21 mag AB () Hsu et al. (2020) Bergsten et al. (2023) E‘
- [l Kunimoto & Matthews (2020) Roman (Expected) E

* Distance:~1-1.5kpc ] Bryson et al. (2021) [] Plato (Expected) @
18° ) Bergsten et al. (2022) /N Earth 2.0 (Expected) 1% =

jaea 3588 48088 4588 5088 5588 Go8a

Stellar Effective Temperature [K] Fernandes et al

(Accepted)
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Summary and Things to Look Forward to

* At this time next year, Roman will be collecting data.
* Challenges for GBTDS Transiting Planets

* Faint stars
* High Noise Floor
* Uncertain Stellar Parameters (Patience!)

* Roman Transiting Exoplanets have a lot of new science to offer
* Demographics of Hot Jupiter Atmospheres: ~1000 secondary eclipses
* Transit + Microlensing covers giant planets at all orbital separations
* Andyes, even habitable zone planets!

January 3, 2026 ExoPAG 33
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BACKUP SLIDES



Artist's Concept



BIG DATA .

The Nancy Grace Roman Space Telescope will transmit 172 terabytes

an unprecedented amount of data from its orbit a million Hubble's data archive
miles away from Earth. Scientists expect it to average 1990-2020
almost 1.4 terabytes each day, and after just five years
of observations, it should total 20,000 terabytes on MAST,
the Mikulski Archive for Space Telescopes. The Hubble
Space Telescope sends less than three gigabytes a day,
while in the same time even the James Webb Space
Telescope will send less than 60 gigabytes.

1,000 terabytes 20,000 terabytes (20 petabytes)

Hubble Webb's data archive Roman's data archive
after five-year primary after five-year primary
| e.7 mission (projected) mission z/projected)

\_
Webb

Roman

Gigabytes per day sent to Earth




Quirks of the GBTDS for Transit Scientists:
Roman will not be Staring.

* Images will be Dithered

* Likely sensitive to systematics
such as inter-/intra-pixel
sensitivity variations

Januar y 3, 2026 ExoPAG 33
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Quirks of the GBTDS for Transit Scientists:
Roman will not be Staring.

* Images will be Dithered 107

* Likely sensitive to systematics
such as inter-/intra-pixel
sensitivity variations

[
(<)
)

* Increased Overhead: 5
e Each Star has ~91% Overhead = Lo
* Noise Equivalent to a ~0.8-m i
Aperture with no Overhead — Kepler

10™° —— TESS (Kunimoto+2022)

—— Roman (Penny+2019)
—-—- Roman (staring)

-6
10 5 10 15 20 25 30

J [mag]
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Quirks of the GBTDS for Transit Scientists:
Roman will not be Staring.

* Images will be Dithered

* Likely sensitive to systematics
such as inter-/intra-pixel
sensitivity variations

 Increased Overhead:
e Each Star has ~91% Overhead

* Noise Equivalent to a ~0.8-m
Aperture with no Overhead

* Transits are Undersampled

* Likely some implications for TTVs

January 3, 2026

ExoPAG 33

1071

[
(<)
)

1-hr CDPP
@

[
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A

— Kepler

107> —— TESS (Kunimoto+2022)
——— Roman (Penny+2019)
——=- Roman (staring)

5 10 15 20 25 30
J [mag]
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Challenges of the GBTDS for Transit Scientists:
Roman Stars will be Faint.

33333333



800

600

400

200

Challenges of the GBTDS for Transit Scientists:
Roman Stars will be Faint.

TESS Planets All Planets
Kepler Planets Planets w/ Rp<4Re

Roman Planets (x;)
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Challenges of the GBTDS for Transit Scientists:

Roman Stars will be Faint.

107!

* Follow-up is Hard
* But not as hard as Kepler!

1072

* RV Follow-up is REALLY Hard Q& o3
S
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Challenges of the GBTDS for Transit Scientists:
Roman Stars will be Faint.

1.0 -_I__I ﬁé:iallfl(?alniill t S
» aghltude Liml
* Follow-up is Hard =k
* But not as hard as Kepler! AL -
* RV Follow-up is REALLY Hard jj -
* Romanis Deeperthan Gaia =" ]
* No a priori input catalog** 5
 Reliable stellar parameters will 8 °*[ -
take a while *g
- 0.2 -
**see Sean’s talk next
G'°||1I4I 16 1slllzlolllzzlllz4

Host Star Magnitude
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Challenges of the GBTDS for Transit Scientists:
Roman Stars will be Faint.

* Follow-up is Hard
* But not as hard as Kepler!

* RV Follow-up is REALLY Hard

* Roman is Deeper than Gaia
* No a priori input catalog**
* Reliable stellar parameters will
take a while

* Best Stellar parameters likely
to come from Roman itself

Image Credit: Troxel/Duke
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Challenges of the GBTDS for Transit Scientists:

* Follow-up is Hard
* But not as hard as Kepler!

* RV Follow-up is REALLY Hard

* Roman is Deeper than Gaia
* No a prioriinput catalog**
* Reliable stellar parameters will
take a while

* Best Stellar parameters likely
to come from Roman itself

Image Credit: Troxel/Duke
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Stellar Parameters in the GBTDS

* Will rely on
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