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Learning Aims

Motivation for the Survey
Description of the Survey
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High Latitude Wide Area Survey High Latitude Time Domain Survey
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Galactic Bulge Time Domain Survey
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Image Composition: J. Olmsted, J. Kang,
and C. Nieves §TSc). Background sky
image: ESA/Gaia/DPAC.
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The problem
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A EML 2.0.1: RST shall be capable of measuring the mass function of exoplanets
with masses in the range IMEarth< m <30 M lljﬁlte[, and, orbital semnéjor .
c ¥1Jt Wy WWIN LW WaqVY WHIJaaqlJl gqoc UWLWNPEWGII Wl J#H

A EML 2.0.2: RST shall be_caﬁable of measuring the frequency of bound
%(3 lanets with masses in the range 0.1 M Earth < m < 0.3M Earth to better than
0.

A EML 2.0.3: RST shall be capable of determining the masses of, and distances to,
host stars of 40% of the detected planets with a precision of 20% or better.

A EML 2.0.4: RST shall be capable of measuring the frequency of free floating
planetary-mass objects in the Galaxy from Mars to 10 Jupiter masses. If there is
%(?/M arth freefloating planet per star, measure this frequency to better than

0.

A EML 2.0.5: RST shall be capable of estimatindgzarth (defined as the frequency
of planets orbiting FGK stars with mass ratio and estimated projected _
semimajor axis within 20% of the Eartisun system) to a precision of 0.2lex via
extrapolation from larger and longetperiod planets.
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(In plain language)

1.

2.

EARIJUHAII

Find lots of planets beyond 1 AU with masses 1

Earth-mass and up

Make sure that there Is sensitivity to planets

less massive than Earth,

. Measure the masses anc

significant fraction of the
Find lots of freefloating p

too

distances of a
nlanets

anets too

. Make progress toward understanding the
occurrence rate of habitable planets
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1. Findd lots of planets beyond 1 AU with masses 1 Earimass
and up

U Duration+cadence, field-of-view+resolution

2. Make sure that there Is sensitivity to planets less massive
than Earth, too

U Cadence, resolution

3. Measure the masses and distances of a significant fraction
of the planets

U Resolution, duration

4. Find lots of freefloating planets too
U As requirement 1

5. Make Brogress toward understanding the occurrence rate of
habitable planets

U As requirement 1




Romarwill fill out the Ma plane

« Kepler Exoplanets » Other Known Exoplanets « Simulated Roman Exoplanets
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Designing the GBTDS: a 100 Earth Surve

AFor demographics we want to measure the
occurrence rate

Fraction of stars with a planet-

AFor a statistical survey with low detection
efficiency, detections are Poisson distributed
and the fractional uncertainty on—is

) P

_ \/(3

U 10% error needs 100 detections




Gravitational Lensing

Lens/host

Observer

Perfect alignment: Einstein ring
Offset alignment: 2 images




A single microlens
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Planetary microlensing:
Image perturbations

Major image perturbation

2 4.0
Credit: M. Penny
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Planetary microlensing:
Image perturbations

Minor image perturbation

2 4.0
Credit: M. Penny
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Microlensing Observables
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. Solar mass: ~months
Jupiter mass: ~day

Earth mass: ~hour
Dictates survey cadence
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Planetary Microlensing Signals

Mass m Earth mass

A Amplitude is ~independent of mass

A Duration scales as\U ¢ T 1

A Detection probability /& ¢ tHlI ¢ q R Y
Mass M Earth mass (finite source dominated)

A Amplitude scales as\u ¢ T 1
A Duration is ~independent of mass

A Detection probability T depends on photometric precision
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Planetary Microlensing Signals

Mass m Earth mass

A Amplitude is ~independent of mass

A Duration scales as\U ¢ T 1

A Detection probability /& ¢ tHlI ¢ q R Y

Mass M Earth mass (finite source dominated)

A Amplitude scales as\u ¢ T 1

A Duration is ~independent of mass

A Detection probability T depends on photometric precision

U Anomalies have an approx. duration minimunt the source star
diameter crossing time

U Pick cadence to sample this




What cadence do we need?

ARoman targets main sequence source stars
ARadius: 0.1r1 solar radii, ~few x 16 AU
ADistance: Galactic bulge, ~1@ pc
AAngular diameter: ~few x 10 arcsec = few x 16 mas

ACrossing time

A Stars move at ~100 km$, @ ~10 kpc
~few x104 mas/hour

A Crossing time~1 hour, resolved with~15 min cadence




What cadence do we need?

M =2.02Myigon @ =520 AU M, =0.29M. Ay? =710

ARoman targets main s | e
ARadius: 0.1 solar rac . | y usf,
ADistance: Galactic bul % 2| | W
AAngular diameter: ~1€ § | 0hr2 4 6 5 101214161320
ACrossing time = ¢
AStars move at ~100 ki~ |- BRISAEIE
~few x104 mas/hour  -—rorb . T

150 200 250
Time (days)

A Crossing time~1 hour, resolved with~15 min cadence




L] T S
. 21.55

W149 magnitude

Season duration?

AMost planetary signals are unpredictable

ACan happen at any time during host microlensing
event

ANeed to observe most of the event to estimate its
parameters for mass ratio and projected separation

A Mass ratiory /—hﬁ projected sep.i*x [0 (5
3 A
N

U Want to observe continuously formevent duration
>2t-~ 60 days




Roman field of regard

Observing Zone:

* 54°-126° Pitch off SunLine

» 360° Yaw about Sun Line

« #15° Roll about Line of
Sight (LOS) off max power,

roll angle
J
—
\\
Keep-Out
Zone
|
HL/GO/Coronagraph ‘\
Surveys can be |
optimized within the )/

full Observing Zone

SNe Fields

% (Available twice
. yearly)
,’/ ' “\ \\\ ‘\
/Observing Zone',

|
Galactic Bulge

SNe Fixed Fields
+20° off the
Ecliptic Poles

Earth/Moon
LOS
avoidance
angles are a
minor
sporadic
constraint

Keep-Out
Zone

Microlensing can
observe Inertially
Fixed Fields in the
Galactic Bulge (GB) for
72 days twice a year



Survey area and duration?

AMicrolensing event rate: ~few x 18 source? year?
ADetection efficiency: ~102 (Bennett & Rhie 1996)
APlanet detection rate: ~107 source year?

ANeed ~few x 1@ star years to detect ~100 Earths
AStellar density: ~few x 18deg?2= ~10 stars/arcsec

U Need ~few square degree years & ~0.1 arcsec
resolution




Resolution & Baseline?

‘Bhattachayaetal. (2018)  ASee lens and source separate to
: measure lens mass

ASeparate at ~few X104
mas/hour = few mas/yr

mll ACan start to resolve stars at
Single star PSF Residual DualstarPS!'Residli;l ~1O% Of a plxel Or pOInt Spread

- function (_fO~100 mas)

HST I WFC3

U Need ~100 mas resolution & a
few years baseline




“mEan
Nancy Grace Roman Space Telescope l=nm=l
. - - /4R N .
Galactic Bulge Time Domain Survey 'gllg

Project Infrastructure Team

(GBTDS) XL AT
' A 6x72 day seasons = 1.2
yr

A 12-min cadence
A ~50,000 images!

A 5-year baseline
A ~1.4-deq? area*
A ~200 million stars

A ~30,000 microlensing
events

A ~1000+ bound planets
A ~100s freefloating

2.4-meter telescope I (deg) _ :
~100 mas resolution ;‘_e>|<glud|ng Galactic center
e



Point and move, not sit and stare
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Optimization process

https:/Qithub.conimtpennygbtds_optimizer

1Mg FFP With a Galactic center field, south
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A Cadence Varying 2 fixes the other Jonas Kluter

A Exposure time + many more




>23 Other science cases submitted
as GBTDS CCS White Papers

Stellar flares (Youngblood et al.)
X-ray binaries Bahramianet al.)

Isolated black holes (Lam et al., Suzuki et al.,
Dawson et al.,Sahuet al.)

Astrometry (Kawataet al.)

Supernovae Maozet al.)

TTVs, White dwarf transits (Kipping et al.)
Stellar characterization (Barclay et al.)
Exomoons (Kalman et al.Poleskiet al.)

Pulsating stars & stellar variability (Das et al.,
Molnaret al., De et al.)

Galactic center transients (Terry et al.)

Mass measurements for past microlensing
events (Koshimoto et al.)

o  To To Do Do Io Do Do I» Do Do Do

Cataclysmic variables Morihanaet al.)

o Do Io Io Po Do Do Ix

T

To I

Planets that see Earth transitKerinset al.)
Brown dwarf planets Skowronet al.)

Globular cluster transits & asteroseismology
(Hoeijmakerset al., Molnar et al.)

Eclipsing binaries Kostovet al.)
Solar system objects (Terai et alMolnar et al.)

Gravitational waves & their sources (Kupfer et
al., Digmanet al.)

Quasars (Sumi et al.)

Transiting planets & phase curvesTamburoet
ah Wilson et al.,Grunblatt et al., Kalman et
al.

Xlallarap planets & brown dwarfs (Miyazaki et
al.

Initial mass function (Poleskiet al.)

Astel:r)oseismology Pinsonneaultet al., Molnar
et al.




Core Community Survey Definition
Committee Recommendations

Overguide

Underguide Nominal

b (deg)

63 days/season 68.5 days/season 70.5 days/season
12.6 min cadence 14.8 min cadence 12.1 min cadence
58s exposures /3s exposures 66s exposures
Low cadence GC High cadence GC High cadence GC
380 days total 420 days total 440 days total

Christiansen & Huber et al. (2024
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ACadence for FFP event colors & depth




:. Data Volume

Low cadence & snhapshots

= o] AT S | | & i observations in all

51 | bulge seasons

F A See J. Lu talk

| AAdds 3

goleemetalwe 1 W snapshots/season
Tifie:(gean) Time (year) In all Roman filters

. AAdds grism
High Cadence LowCadence Photometrlc?nd
A. g Spectroscopic Snapshots Snapshots

12 s« s s 7 s 9 o ASee talks by M.
Pinsonneault & R.
Pike




MultiAccum(MA) Tables
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A 6 images per integration

A Sub-minute variability

A Bright stars

A May require special processing




A Each pointing offset by a sukpixel shift
A Enables construction of highefresolution images

D Ith e rl n g A Enables detrending due to intrapixel sensitivity variations

TOTAL PIXEL OFFSET PIXEL PHASE AT CENTER PIXEL PHASE AT EDGE

P BRI AL R )

| 1 o5 o5 Bl s I i
2 4 -05 0 05 1 15 -05 0 05 1 15

Credit: Jay Anderson

See J. Anderson talk



Romarwill fill out the Ma plane

« Kepler Exoplanets » Other Known Exoplanets « Simulated Roman Exoplanets
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Sensitivity down to ~Moon mass

M = 2.02Myjoon @ =5.20 AU M, = 0.29M
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Vast improvement in demographic
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Freefloating planets
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My=0.59Mo, p=10.26, tp=0.033 days, /,=0.99, ug=3.27

18.115-1?§,£X:8: 336 I nn;.. ” =04 | o1l 95% Upper Limit 1
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18.140| ’ | | M [MEB]

18.145 ! ’ | _ A Hundreds to thousands of detections expected

74 76 78 80 82 34
Time [Days]

Total mass in free floating objects
of mass M per star [Mg]
=

A Sensitivity down to ~Pluto mass if there are enough of them




NANCY GRACE

ROMAN

<1% of GBTDS fields
l.e., more than 100x thi

SPACE TELESCOPE

0.003%

NANCY GRACE

ROMAN




