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Nancy Grace Roman Space Telescope

e Galactic Bulge Time Domain Survey (GBTDS)
o Six campaigns at 12.1 min cadence; four campaigns at ~ 3 day cadence

o ~0.11 arcsec pixels
o Photometric and spectroscopic observations for stellar characterization of temperatures and
metallicities
Il Hioh Latitude Time Domain Survey

B Galactic Plane Survey I High Latitude Wide Area Survey
Not included: Coronagraph Instrument, Calibrations
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Galactic Bulge Joyce+ 2023

Bensby ages < 7.0 Gyr
| ™ MIST ages < 7.0 Gyr

< | MIST: 15 stars

Bulge stellar ages remain

debated:

o Evidence of a younger
stellar population (Bensby et
al. 2013, Valle et al. 2015)

o Case for an older population
(Lian et al. 2020, Joyce et al.
2023)

e Roman’s infrared s so e
g . ges (Gyr
capabilities and high

%}?Zii‘e:??,b“l‘!SQSSL?QF’E How do we measure
e bulge
stellar ages at the bulge?




Asteroseismology

e Study of solar-like
oscillations generated by
near-surface convective
motions.

PSD [ppm?/uHz]

e Accurate and precise
mass, radii, and ages for
stellar populations
(Miglio+ 2013,
Pinsonneault+ 2018)
can be derived with v,
& Av from
asteroseismology (e.g.
Kjeldsen & Bedding
1995; Stello+ 2008)

Pinsonneault+ 2025
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KIC 4914231

—— Kepler
Roman } i
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| WMWWNWW Further details
T A about modeling in

Weiss+ 2025
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Asteroseismic Yields

1”1 Detections
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e \With Roman, estimated ~300,000 asteroseismic red giants and red clump stars; ~200,000 in
the bulge (Weiss+ 2025)

e ~ 50% of total detections will be identified in first 70 days of observations




Distances

e Asteroseismology has
been used in missions g 15000
like Kepler/K2 (~16,000
detected), CoRoT
(~500 detected), and
TESS (~160,000
detected), but none
have studied the

ts
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YGaI [kpc]

galactic bulge.

CoRoT
K2

Provide data on stellar Kepler

populations in the > - ket

bulge, e.g. stellar ages

and information on ;;al [kpc_]S'o
exoplanets through

host stars.




Distances

Hey+ 2023

Roman will
measure global
asteroseismic
parameters
(mass, age) that
are difficult to
measure using
ground-based
data, which will
be key for
models of
bulge and bar
(Shen & Li
2015; Portail+
2017)
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Age/Metallicity Weiss+ 2025
Relation AMR @ Bulge Without AMR @ Bulge

} 775 Total Detections I 1 == Total Detections

"7 Bulge 1 1 -5 Bulge

1 =5 Red Clump ; [ 1 5= RedClump !
1 =5 Red Giant Branch | ] Y5 Red Giant Branch !"
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e Adopting age-metallicity at the bulge from Joyce+ 2023 yields ~10% less, while
differences between Marshall and Schlegel extinction maps are marginal




Stellar Ages All objects with v, will have

e 30% of the sample will have v,.., and Av w, which is more precise at

measurements :
m rin llar ,
o ~25% age uncertainties eaS gSte ageS

e The remaining 70% can use measured
parallax (w) (Gould+ 2015, Gaia+ 2023)
with the Stefan-Boltzmann law :

=
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£-(w) ()

e We can solve for radius, and use v, to
get mass:

M — f Vmax Tegr i R . i :Ei ; ; ;
]\4@ _ Ymax Vmax,® Teff’@ R@ Mass [M ¢ ]

e ~15% age uncertainties with v, and @ Weiss+ 2025
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Full Image (4096 x4096)

Saturation Pipeline

Differential photometry is possible
using either a PSF-agnostic
weighted photometry method
(halophot; White+ 2017; Pope+
2019) or aperture photometry
(Wilson+ 2023)

Simulations indicate a noise floor
that enables asteroseismology in
the bulge

Detections possible

I
Bulge sample

Nominal noise F146 =11.9
Optimistic noise
[

Power [ppm?/uHz]

Gaia foreground sample

See Lauryn James’ Poster: “A
Saturated Photometry Approach for
Asteroseismology in the Galactic Bulge S o
Time Domain Survey” F146 (AB) [mag]




Real Target List

Work by Adam Ballas, Madeline Howell & Marc Pinsonneault (OSU)

VVV/Gaia: Red Giant Bulge Candidates

8

187 Candidates: 522242 187 Candidates: 57054

T T T T T
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J=Ks J=Ks

e Significant number of candidates are RC stars, which will serve as a calibration sample




CCYRELCEWEVS

Conservative estimates in adopted noise models and detection probabilities result
in over 300,000 detections, with roughly 200,000 of them members of the bulge.

Simulations of saturated differential photometry indicate a noise floor amenable to
asteroseismology

First time probing stellar giants at the galactic center, contributing to existing bulge
and bar models.

Age precision of 15% with v, and w.
o Selection function disfavors the youngest and oldest stars in the bulge.

From VVV and 2MASS x Gaia, identified ~500,000 bulge red giant seismic
candidates in GBTDS.
o Currently deriving Teffs for the candidate sample to enable seismic mass
and age estimates for first data release.




Future Work
Galactic Genesis and Hidden Galaxy Explorer

Hidden Galaxy
Explorer
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e Kepler light curves modified to mimic

Roman:

o Adjusting amplitude to match Roman’s
near-IR observations

o Reducing baseline to 6x70 days

o Injecting noise following projected Roman
performance (conservative estimate in Base noke
red [Penny+ 2019] and optimistic _ equation from
estimate in black [Wilson+ 2023]) : > Gould+ 2015

o Varying cadence to be either 7.5 or 15 1% . : TP

minutes (12.1 minutes after ROTAC 125 150 175 200 225
2025) F146 magnitude

Noise Amplitude [mags]

Weiss+ 2025




Supplemental Slides

RGB Single Season (70 days)

e Determined detection probabilities
through two methods:

o SNR approach — statistical
criterion (Chaplin+ 2011, Lund &
Chaplin 2026)

Convolutional Neural Network —
empirical approach mimicking “by
eye” detections (Hon+ 2018)
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Objects harder to detect at:
o Higher frequencies
o Fainter magnitudes

e Luminous giant detections
modeled from Yu+ 2020 catalog




Supplemental Slides

e Given a v, detection, results ran through SYD pipeline (Huber+ 2009) and automated
vetting (Reyes+ 2022) to identify Av detections (Claudia Reyes, ANU & Dennis Stello,

KIC 5819258 KIC 4914231
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Supplemental Slides

e Stellar populations based on

Galaxia models (Sharma+ 2011).

o Uses the Besangon galaxy model
(Robin+ 2003).

o Assumes a bar-shaped bulge (Blitz+
1993).

e Extinction added to the Galaxia
photometry according to both
Marshall+ 2006 and Schlegel+
1998 extinction maps.

e Galaxia assumes a single age for
the galactic bulge, so an age-
metallicity relationship from

Weiss+ 2025
Joyce+ 2023 was introduced. €ISs
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e Galaxia simulates
objects in different
regions of the Milky
Way, and varies the
ages of the thin disc

o o
~ w

o
w
IIIIIIIIIIIIIIIIIIIIIIIIIIIII

g

With Roman,
corrections to the
selection functions will
be needed to account
for poor recovery of
both younger and older
stellar objects

v

higher
proportion of
hot, low-
metallicity
horizontal
branch stars

difficult to recover
young, higher-
=& «—frequency
secondary clump
oscillators
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input points
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"~~~ Detections Globular Clusters
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Weiss+ 2025
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