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Roman Objectives, Instruments, and Surveys

Primary Goal is to Perform Astrophysics Surveys
High level science objectives focus on cosmology and exoplanet
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Wide-areasurveysupportscosmologyobjectivesand a broad rangeof astrophysics

Galacticbulge time domain survey enablesexoplanetdiscoveryand characterizationand a
. broadrangeof astrophysics

- Hightlatitude time-domain survey supports cosmologyobjectivesand revealsthe evolution
- of Galacticand extragalactictransient and variablesources

GeneralAstrophysicsSurveysocuson broad scienceand producebroadly usefuldata

Coronagraph Instrument Coronagraphdemonstratestechnologyadvancementfor direct exoplanetimaging
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ROMAN

sEate Roman Observatory Facts and Figures
Observatory Overview
Deployable
Aperture Cover
. A Telescope : 2.4m aperture
JAmay - A Instruments:
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I Wide Field Imager and Slitless Spectrometer
I Coronagraph Technology Demonstration
Orbit : Sun-Earth L2
Data Volume : 11 Tb/day

Launch Vehicle : Falcon Heavy from Cape
Canaveral

Launch Date : August 30, 2026 (41 days!)
Mission Duration :5 yr nominal, 10 yr goal
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ROMAN

§ESie: Roman Wide Field Instrument (WFI)

Roman Observatory

Wide Field
Instrument (WFI)

WEFI is led by NASA GSFC with
major contributions from
primary industry partner BAE
Systems

Primary science instrument for surveys
Focal plane array of 18 4k x 4k detectors
i Large FOV1i 0.8 x 0.4 deg (0.281 deg?)
I 300,000,000 pixels with

I Image stability: 1.0 nm RMS wave front error
(WFE) variation in 180 sec

I Guide star sensing interleaved with science data
collection

Element wheel enables imaging and spectroscopy
spanning 0.48t0 2.3 ¢ m

I 8 imaging filters
I Prism and grism for full-field, slitless spectroscopy

I Blank position for darks, flat fields, and other
calibrations

Internal relative calibration system
Detectors passively cooled to ~90 K

WEI technical info, WFI paper
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https://roman.gsfc.nasa.gov/science/WFI_technical.html
https://ui.adsabs.harvard.edu/abs/2024SPIE13092E..0SS/abstract
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WFI Focal Plane Array
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§ESie: WFI Element Wheel
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ROMAN ]
§ESie: Key Information on WFI Performance

SPACE TELESCOPE

Flight focal plane total noise

A WFI meets or exceeds requirements
J , but there are key things to know

A WFI reaches saturation on a ~17 mag
source in one frame (~3 s) of
Integration

A WEFI has 18 detectors, each one is an
individual with its own performance and

properties
A The wide FOV leads to angle of
mCIden.Ce effects thaj[ Change . Roman F158 Effective Area SCA01, SCA09
properties as a function of location
. 301 scas ——-- : ---- scao| F158 filter bandpass
| PC?F shape changes from center to o JR— — shift from center to
e_ ge _ o0l ! _ edge of focal plane
I Filter band passes shift from center  x i \ array
Vs I ,
to edge 2 ;
A WFI has an internal calibration system 50
to characterize and trend detector 1 '
performance throughout the mission S I T WEI technical info
wavelength fuml  Wavelength (um} WEI resources/papers
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https://science.nasa.gov/mission/roman-space-telescope/wfi-technical/
https://science.nasa.gov/mission/roman-space-telescope/roman-for-scientists/

Roman Space Telescope and \WBLUilt for Surveys
Hubble / JWST / Roman Comparison
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§ESie: Roman + WFI T Built for Surveys

A The power of Roman for surveys is not
On|y In the WFI field -of-view HST PHAT survey of M32400 observations per

I Very efficient observations from L2

I Rapid slew and settle

.. Dalcantoret al. 2012)
i Well understood and stable PSF (Palcantoretal. 2012) | \
Roman WFI covers similar sky area in 2 observat

I Excellent flux calibration

A Larger FOV + efficient and stable

operations yields survey speeds
~1000x faster than Hubble
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Fig: Penny et al. 2019 A small portion of the full WFI FOV
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T Roman Coronagraph Instrument

Roman Observatory

The Coronagrapis led by NASAPL

o Do Do D>

Coronagraph
Instrument

:
A Multiple observing modes in visible light from 575 i
825 nm

Technology demonstration instrument

Designed to suppress starlight and diffraction to
reveal faint signals close to bright stars

107 contrast on a bright star in visible light, ~10-8-10~°
as a goal

Technologies demonstrated:
.
.

novel coronagraphic masks
wavefront sensing and control
photon counting detectors
advanced image post-processing

Narrow field imaging (required), wide field
imaging (goal), polarimetry (goal), spectroscopy

(goal)

A 90 days of observations in the first 18 months of the

Roman mission
Coronagraph overview paper
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https://ui.adsabs.harvard.edu/abs/2023SPIE12680E..0TB/abstract

ROMAN

=§EE§§ Roman Coronagraph 1 A New Contrast Regime

|
Wavelength (1) Known Exoplanets For V~ 5 stars
1 s < 650 NM B self-luminous, 1.6um observed
—4 ] 650 - 800nm ™ () self-luminous, Band 3 predicted .
10 3 === 800 - 1000nm ,</ A RV, reflected light, predicted The expected contrast is
] == > 1000 nmM \S\)\
Lo-5] <107 (L1 requirement)
5 5 ~ 108 - 10 (predicted/goal)
3 ]
pr 10_6’5
2 ] 100 to 1,000 times better
43 10_7_; L1 Requirement than current facilities.
= § ¢ Optimistically, image
< o] Roman CI :l'L 0 ‘ " Jubit .
—8 100 [ m r iter
E 10 ] img, 25 %A— ,ﬂw P ature upliters
' \"n Y 100 hr <
o1 " pr——ty ! G @ 10-50pc
10794 AA Sitar at . . '
: s A A . in reflected light!
10 ] A Dark Hole “Digging”: Laboratory Demonstration
1 0 - Credit: NASA/JPL-Caltech
] Instrument curves are 50 post processed detectlon Ilmlts

| 0.1 O 5 1 5
Separation [arcsec]

Wavefront Control iterations

\ 4

Credit: V. Bailey, Coronagraph team
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sEate Roman Partners and Community

SPACE TELESCOPE

" Science community

?ﬂ¢n
.Y

Project
Science

Support,
Software, Downlinked

Data Data

Support,
Software

IPAC STScl
. Science Coordination Science Operations
Science Support Center Observing Time Allocation Center (SOC)
(SSC) Calibrations and Operations Oversight
Project Infrastructure Teams WEFI WEFI
Proposal and Grant Managemen Wide Field Science Teams Exposurdevel Highlevel

CGI Community Participation Program (CEAf Processing Processing
WFI HigHevel Processing for

Microlensing & Spectroscopy GSFC, JPL Data Analysis
Archive Environment
CGlI Data Analysis
Planning and

. : : : : scheduling
Science, Calibration, and Engineering Data

Credit: J. McEnery
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asuEn, Roman Core Community Surveys
aettag Astrophysics with WFI for the Community, by the Community

Categories (all)

solar system |

astronomy

exoplanets and |

exoplanet formation

stellar physics '
and stellar types |

stellar populations and |
the interstellar medium |

galaxies

the intergalactic medium and "
the circumgalactic medium |

|
supermassive black holes
and active galaxies |

large scale structure

of the universe ==

gravifationalg=ESiOVas

Iensmg quasarsmergers s center

n nucle|
ﬂol;ct)fir;gs I a extragalacuc
Iar e= scale relonlzatronlenVIronments

bulges

iCalaXie Selack

active ! et neutron
a&schon form: agn ga|aC’[|C

matter plapets
systemsg G A X dwarf

universe =E.COVariable
high-redshift

photometry
evolved

disksgtrinary | s
“e'“dark I I
deeppopulatloﬁ‘s

mlcrolensmg

w-luminosity

P supermassive COSMO| ogy

Input was reviewed alongside mission objectives by
community committees to develop survey recommendations

A Community Science Pitch submissions
A Community White Paper submissions

Fig: STScl
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https://asd.gsfc.nasa.gov/roman/sci_pitch/
https://asd.gsfc.nasa.gov/roman/sci_pitch/
https://asd.gsfc.nasa.gov/roman/wps_2023/
https://asd.gsfc.nasa.gov/roman/wps_2023/

Roman Core Community Surveys

Address Science Requirements While Maximizing General Astrophysics with WFI

ROMAN'S u‘.'sg,;&am?
=

THREE CORE SURVEYS

g8 520 days over five years

Exposure times from
11 to 150 minutes

GALACTIC B U LGJE The area of . I:l | 5,100 square degrees
TIME-DOMAIN SURVEY - ° 8 5 D ,
@

of the entire sky
* (25,500 full moons)

¢ e

Galaxies Solar System Milk&/ Way

fulLmoons

T | HIGH-LATITUDE
: 9 | | TIME-DOMAIN SURVEY

180 days, primarily in two years

Exoplanets Transients Black Holes

438 days, primarily in six sets of 72 days each @ 30 hours every five days

@ Full survey area imaged every 12 minutes D 18 square degrees

D 1.7 square dégrees



https://arxiv.org/abs/2505.10574
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Roman Core Community Surveys

Address Science Requirements While Maximizing General Astrophysics with WFI

High -latitude wide area survey
(HLWAS)

Cosmic expansion/acceleration and
structure growth using >10 2 galaxies

A Medium tier - 2400 deg? 3-band
imaging to 26.5 mag, Grism
spectroscopy

A Deeptieri 19 deg?7-band
imaging to 27.5 mag, deep Grism
spectroscopy

A Ultra deep tier - 5.5 deg?3-band
imaging to 28 mag

A Wide Tier i additional 2700 deg?,
1-band imaging to 26 mag

HLWAS details

like 2MASS, SDSS, DES and other
wide-field surveys

A

High -latitude time -domain
survey (HLTDS)

Cosmic expansion/acceleration using
Type la supernovae, >10 “ transients

Multiple fields - North and south,
wide and deep, imaging and Prism
spec.

Pilot tier 7 16 d cadence, eight
observations per field, imaging and
Prism spec., early in the mission
Core tier 7 5 d cadence, all fields,
one anchor filter with others
alternating for colors, Prism spec.,
2 year duration

Extended tier i long (65-85 day)
cadence observations in deep
fields

Area and depth, see details below

HLTDS details

Galactic Bulge time -domain
survey (GBTDS)

Exoplanet demographics using
microlensing, LCs for >10 8 stars

A Repeat observations over 1.7 deg?

in five bulge fields and Galactic
center spanning ~70-day seasons

A High cadence i 12.1 minin wide

NIR filter, 6 h in 2 bands, over six
seasons

A Low cadence i 5 days in3

bands, over four seasons

A Snapshots i 35 days in 5 bands

and Grism, over all seasons

A Imaging sensitivity to ~24 mag

(crowding dependent)

GBTDS details

like ZTF, ASAS-SN, and other time
domain surveys for transients

like previous microlensing, Kepler, and
TESS exoplanet surveys
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https://roman-docs.stsci.edu/roman-community-defined-surveys/high-latitude-wide-area-survey
https://roman-docs.stsci.edu/roman-community-defined-surveys/galactic-bulge-time-domain-survey
https://roman-docs.stsci.edu/roman-community-defined-surveys/high-latitude-time-domain-survey

Roman General Astrophysics Surveys

What can Roman do for you?

+ General Astrophysics includes both science with core survey data and additional WFI surveys that are
defined by the community. Allocated via community processes and proposal calls

New Surveys Selected in Cycle 1 Call
for Proposals

Full wéeyzeghgea S N GALACTlC PLAN E SU RVEY | A

| _ The RomankKepler Legacy Survey
Studying the structure and contents of the Milky Way galaxy .

. Full moons ' A

. Repeat observations cover

full moons

RomaneXtreme Deep Field

A GRACE: TheGrism Reionization
and Cosmic Evolution Survey

A The First Complete Census of Stars
in Key Globular Clusters

) WIDE-FIELD

29.2 days over two years
to map 691 square degrees

TIME-DOMAIN

@ 19 square degrees imaged at a
v cadence of ~11 minutes to weeks

A A Legacy Survey of Andromeda
and Triangulum with Roman

[] DEEP/SPECTRAL ~ Transients Exoplanets Stars Black'Holes Stellar Nurseries
4 square degrees with lenger
exposures and spectroscopy g


https://roman-docs.stsci.edu/roman-community-defined-surveys/galactic-plane-survey
https://roman-docs.stsci.edu/roman-community-defined-surveys/galactic-plane-survey
https://roman-docs.stsci.edu/roman-community-defined-surveys/galactic-plane-survey
https://roman.ipac.caltech.edu/cycle1-approved-programs
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T Roman Coronagraph Observations

Credit: V. Bailey, J. Wang, Coronagraph team

A

A

A

Establish deep contrast through
iterative observations of reference
star A Slew to science target,
observe at multiple rolls A Back to
reference A Postprocessing

First 6 months of Coronagraph
observations planned

Developed through a community
process

i Tech demonstration using science
targets

I Attempt first reflected light images of
Jupiter analogs

I Target known, self-luminous planets
I Imaging/polarimetry of debris disks
WEFI acts as guiding camera during
Coronagraph sequences, obtains
parallel observations in adjacent field
I WEI parallels memo
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