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Abstract:

We outline possible survey strategies for the imaging component of the Nancy Grace Roman Space Telescope
(Roman) High Latitude Wide Area Survey (HLWAS) that consider synergies with ground-based experiments,
most prominently Rubin Observatory’s Legacy Survey of Space and Time (LSST).

The reference design for the Roman HLWAS ensures excellent systematics control by covering 2000 deg?
in 4 bands (and the grism). Alternatively, Roman could cover the LSST area of 18,000 deg? in the W-band (i.e.
the F146 filter spanning 0.93-2.00pm). While the latter strategy significantly boosts the statistical constraining
power of Roman, it is also more susceptible to systematic effects, e.g., shear calibration and photo-z estimation.

The most promising way to increase statistical constraining power while retaining systematics control is a
two-tier HLWAS: to split the time between a “medium” tier, which resembles the reference survey but with a
reduced area, and a “wide” tier in a single filter. We outline several options for the wide tier option that cover
the trade space of systematics control vs statistical information content.

If Vera Rubin and
Nancy Grace Roman
worked together...

Tim Eifler
Arizona Cosmology Lab
Steward Observatory / University of Arizona
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We outline possible survey strategies for the imaging component of the Nancy Grace active galazies; large scale structure of the universe

(Roman) High Latitude Wide Area Survey (HLWAS) that consider synergies with g
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The reference design for the Roman HLWAS ensures excellent systematics contr
in 4 bands (and the grism). Alternatively, Roman could cover the LSST area of 18,00v-wvg S
the F146 filter spanning 0.93-2.00pm). While the latter strategy significantly boosts the statistical constraining
power of Roman, it is also more susceptible to systematic effects, e.g., shear calibration and photo-z estimation.

The most promising way to increase statistical constraining power while retaining systematics control is a
two-tier HLWAS: to split the time between a “medium” tier, which resembles the reference survey but with a
reduced area, and a “wide” tier in a single filter. We outline several options for the wide tier option that cover
the trade space of systematics control vs statistical information content.

https://asd.gsfc.nasa.gov/roman_wp_ 2023/




Roman Core Community Surveys will
be designed in the coming 2 years

On-sky time in

Notional Survey Target region Primary spectral elements notional survey plan

High Latitude Wide Area Survey Y106, J129, H158, F184,

. ~ 2 ~
(core community survey) Extragalactic sky, ~ 2000 deg and Grism 24 months
. . . . _ 2 . . .

High Latltudg Time Domain 5-20 deg< in the continuous field TBD filters + Prism ~ 6 months
(core community survey) of regard,.
Galactic Bulge Time Domain 2 deg? in a low-extinction area W149 filter (occasional use

. . . ~ 13 months
(core community survey) near Galactic center of other filters)
General Astrophysics Surveys Full sky is available All WFI elements ~ 15 months
Coronagraph Instrument Tech Selected nearby stars Coronagraph Instrument ~ 3 months

Demo Observations




How do we optimize the Roman survey?

How do we explore synergies with other
surveys, e.g. LSST?

We need simulated likelihood analyses...
many of them...



Multi-Probe Forecasts Roman+LSST
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LSST survey scenario + Exposure Time Calculator (Hirata ++ 2012)
Creates realistic survey area, depth combination

61909, 00

62245. 00

62357. 00

CANDELS Roman catalog (Hemmati et al 2018) " . '
Extract “realistic” redshift distribution for lensing and clustering 2 \’ o '-‘_ g
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Cosmolike Multi-Probe Covariance
Krause & Eifler (2017)

Same code used in the LSST-
DESC SRD:

DESC, Mandelbaum, Eifler et
al 2019

Cosmolike Likelihood Analysis
Eifler, Miyatake, Krause et al (2021)

Eifler, Simet, Krause et al (2021)
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The challenge of forecasting

reduced data

and catalogs
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Independent probes
e.g., SN1a as priors
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Self-consistent modeling of all observables as a function of
1) cosmological parameters (~10)
2) nuisance parameters (XXX)
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The Challenge of forecasting
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» Cluster Clustering

Simulated Multi- . Peak Statistics
Probe Analysis Lo

- Magnification

+ Higher-order statistics (many position, shape,
magnification combinations are possible)

+ Cluster Number Counts

+ Cluster Weak Lensing

- Galaxy Clustering (Spectro)

- SN1a

-+ Many correlations with CMB possible

e (Cosmic shear
 (Galaxy-Galaxy Lensing
 Galaxy Clustering

We use these We ignore these (in this
particular analysis)



Joint clustering and weak lensing (3x2pt)
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galaxies x galaxies:
angular clustering

lensing x lensing:

galaxies x lensing: cosmic shear

galaxy-galaxy lensing



Problem 1: Probes have systematics

- Weak Lensing (cosmic shear)

-+ 10 tomography bins
+ 251 bins, 30 < | <4000
- Galaxy clustering (photometric)

- 10 tomography bins (different from sources, higher number density)
- Galaxy-galaxy lensing
+ galaxies from clustering (as lenses) with shear sources

Many analysis choices are necessary beyond “choosing probes”: (e.g. scales, redshifts,
binning, galaxy samples, etc) that depend on:

» data quality



Problem 2: Probes are correlated

1. Cosmic Shear
2. Galaxy-Galaxy Lensing
3. Galaxy Clustering

4. Cluster Number Counts

5. Cluster Lensing




Let’s explore synergies
of Roman and LSST...




Roman+LSST overlap in wavelength

Sensitivities of LSST and ~OMmMan
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Credit: Chris Hirata




Roman Space Telescope Imaging Capabilities

Telescope Aperture
(2.4 meter)

Field of View Pixel Scale Wavelength Range
(45'x23"; 0.28 sq deg) (0.11 arcsec) (0.5-2.3 um)

F062 FO87 F106 F129 F158 F184 F213
WEVCIETale a7l ) 0.48-0.76 0.76-0.98 §0.93-1.19 1.13-1.45§ 0.93-2.00 §1.38-1.77  1.68-2.00 § 1.95-2.30

Filters

Sensitivity

(56 AB mag in 1 hr) 28.5 28.2 . . . 28.0 27.5 26.2

Roman Space Telescope Spectroscopic Capabilities

Field of View Wavelength (um) Resolution Sensitivity (AB mag)

(sq deg) (100 per pixel in 1hr)

Grism 0.28 sqg deg 1.00-1.93 461 20.5at 1.5 um
Prism 0.28 sq deg 0.75-1.80 80-180 23.5at1.5um

Roman Space Telescope Coronagraphic Capabilities

Wavelength Inner Working Angle Outer Working Angle  Detection Spectral
(um) (arcsec) (arcsec) Limit* Resolution

' - -9
imaging 0.5-0.8 0.15 (exoplanets) 0.66 (exoplanets) 10° contrast
0.48 (disk 1 46 (disk (after post- 47-75
SpeCtrOSCOpy 0.675-0.785 ' (disks) ' (disks) processing)

https:/roman.gsfc.nasa.gov/science/Roman_Reference_Information.htmi



Roman reference design survey

(from an integrated tiling simulation) HLS Time Domain North

Are there alternatives
e/ relying on ground

Let’s explore Roman
HLS Reference o Tl e T strategies based on
Wide Area 30 . . Synergies Wlth LSST

(2000 deg?)

Galactic Bulge

HLS Time Domain South



Roman Space Telescope Imaging Capabilities

Telescope Aperture Field of View Pixel Scale Wavelength Range
(2.4 meter) (45'x23"; 0.28 sq deg) (0.11 arcsec) (0.5-2.3 ym)

F158 F184 F213
1.38-1.77 1.68-2.00 1.95-2.30

Filters F062 FO87 F106 F129
WEVCETaleilaN (Y ) B 0.48-0.76 0.76-0.98 0.93-1.19 1.13-1.45 § 0.93-2.00

Sensitivity

(50 AB mag in 1 hr) 28.0 27.5 26.2

28.5 28.2 28.1

Roman Space Telescope Spectroscopic Capabilities

Field of View : Sensitivity (AB mag)
(sq deg) Wavelength (um) Resolution (100 per pixel in 1hr)

0.28 sq deg 1.00-1.93 461 20.5 at 1.5 um
0.28 sq deg 0.75-1.80 80-180 23.5 at 1.5 um

Roman Space Telescope Coronagraphic Capabilities

Wavelength Inner Working Angle Outer Working Angle  Detection Spectral
(um) (arcsec) (arcsec) Limit* Resolution

' - -9
imaging 0.5-0.8 0.15 (exoplanets) 0.66 (exoplanets) 10™ contrast
0.48 (disk 1 46 (disk (after post- 47-75
Sloloiger oo/ 0.675-0.785 48 (disks) 46 (disks) orocessing)

https:/roman.gsfc.nasa.gov/science/Roman_Reference_Information.html



Roman W|de survey " 1dea - Synergles with Rubin

| | ! . |

Wband‘ R  z gy§J§HF184K

Roman bands

Transmission

Rubin bands
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wavelength [microns]

This concept combines
the Roman W-band with
the 6 LSST bands



The LSST Dark Energy Science Collaboration (DESC) Science Requirements Document

The LSST Dark Energy Science Collaboration, Rachel Mandelbaum, Tim Eifler, Renée Hlozek, Thomas Collett, Eric Gawiser, Daniel Scolnic, David Alonso, Humna Awan, Rahul Biswas,
Jonathan Blazek, Patricia Burchat, Nora Elisa Chisari, lan Dell'Antonio, Seth Digel, Josh Frieman, Daniel A. Goldstein, Isobel Hook, Zeljko Ivezié, Steven M. Kahn, Sowmya Kamath,
David Kirkby, Thomas Kitching, Elisabeth Krause, Pierre-Francois Leget, Philip J. Marshall, Joshua Meyers, Hironao Miyatake, Jeffrey A. Newman, Robert Nichol, Eli Rykoff, F. Javier
Sanchez, Anze Slosar, Mark Sullivan, M. A. Troxel

(Submitted on 5 Sep 2018)

The Large Synoptic Survey Telescope (LSST) Dark Energy Science Collaboration (DESC) will use five cosmological probes: galaxy clusters, large scale structure, supernovae, strong lensing, and
weak lensing. This Science Requirements Document (SRD) quantifies the expected dark energy constraining power of these probes individually and together, with conservative assumptions about
analysis methodology and follow-up observational resources based on our current understanding and the expected evolution within the field in the coming years. We then define requirements on
analysis pipelines that will enable us to achieve our goal of carrying out a dark energy analysis consistent with the Dark Energy Task Force definition of a Stage IV dark energy experiment. This is
achieved through a forecasting process that incorporates the flowdown to detailed requirements on multiple sources of systematic uncertainty. Future versions of this document will include
evolution in our software capabilities and analysis plans along with updates to the LSST survey strategy.

Comments: 32 pages + 60 pages of appendices. This is vl of the DESC SRD, an internal collaboration document that is being made public and is not planned for submission to a journal. Data products for reproducing
kev plots are available at the LSST DESC Zenodo communitv. this https URL: see "Executive Summary and User Guide" for instructions on how to use and cite those products

Subjects:
Cite as:

Stage 11—
SN Y10—

3x2pt Y10—  Many code aspects have improved since the
DESC SRD, e.g. the below includes:
* baryonic physics uncertainty models

LSST all4+-Stage 11—
DES Y6 3x2pt ---

EEEN EECEEEEEEE AW 2N e 10 tomo bins for lenses and sources
' Full MCMC analysis
- AN More complex |A model
5 Different galaxy lens samples
o - E Train NNs to run 1000s of simulated

analyses in short time
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Explore Roman W-band Wide Survey, 18000 deg”"2

| LSST 99% complete (i = 25.3)
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In 5 months Roman can cover LSST area in Fraction of LSST galaxies with good multi-band

the W-band with 95% LSST completeness photometry as a function of n_gal of a HLS WL
sample, based on the CANDELS catalog.




Multi-probe Roman+LSST

1.5 year Roman W-band survey+LSST

Analysis 1s 3x2pt only, (no clusters, spec-z, SN)
HLS reference

BN LSSTY10 Includes 49 dims of systematics
B HLS wide modeling:

e Shear calibration (10 params)

e Galaxy bias (10 params)

e Photo-z (22 params)

* [ntrinsic Alignment (4 params)
e Baryons (3 params)

Roman wide + LSST analysis assumes worse
systematics than reference survey

FoM (Roman wide + LSST) = 2.4 x FoM
(LSST only)

-1.2 -1.1 -1.0 =09 -0.8 —=0.7

W FoM (Roman wide + LSST) = 5.5 x FOM
(Roman Reference survey)



Two-tier survey idea

* Goal: Get the best of both worlds (systematics control and statistical power)

 Medium tier: A reduced size reference survey (~1000 deg”2) that serves as an
anchor for systematics control, preserving multi-band photometry, grism
overlap, dithering strategy.

* Wide tier: This should overlap with LSST to obtain photo-z’s and still allow for
exquisite shape measurements. Various options exist:



Two-tier survey idea

Option 1: A wide layer done in the H band with the 2-pass Reference survey strategy. The H band would be
chosen because it avoids the thermal background of F184, but has better sampling properties than Y and
J. This choice is relatively conservative, in that it recovers full sampling using IMCOM [24] and enables
iibercalibration using the cross-linked survey strategy. It can use the same data processing tools with
similar settings as the medium-tier survey, and would serve as 1 of the 4 bands if the decision were made
to increase the area of the medium tier in an extended mission. There will be enhanced photo-z scatter
due to the 1.06-1.38 um gap in photometric coverage; the source redshift distributions in the wide layer
would have to be calibrated from the medium layer using the mapping from the full color space to the
lower-dimensionality ugrizy H . The principal disadvantage is that the 1-band survey speed 1s only ~ 4 X
faster than the medium tier 4-band survey speed.

Option 2: A variant is to do the wide layer in the H band with reduced dithers (one full pass, and only a sparse
second pass for cross-linking) to save time. The disadvantage 1s that full sampling is not recovered, so in
addition to calibrating the effect on photo-zs of having only some of the bands, we would also have to
calibrate the undersampling effects.

Option 3: The fastest weak lensing survey possible with Roman 1s to use the W filter with shorter exposures.
This opens the exciting possibility of observing the full extragalactic LSST footprint. However it also
poses the greatest challenge for systematics: in addition to needing to calibrate ugrizyW photo-zs and
undersampling effects from the 4-band layer, we would need to calibrate the chromatic astrometric + PSF
effects over the 0.93-2.00 um bandpass.




Two-tier survey idea

Case band Zodi brightness | source neg 2Zmed 0 pt src depth
[pole=1] [arcmin 2] [mag AB]

Reference Survey F184

(2000 deg?/yr)

H

J

Y
J+H

1.5
1.5
1.5
1.5
1.5

25
36
35
(28)
46

0.9
1.0
1.0
(0.8)
1.0

26.1
26.7
26.8
26.7
27.1

Wide tier, Option 1
(8000 deg?/yr)

1.5
2.5

36
32

1.0
1.0

26.7
26.5

Wide tier, Option 2
(13000 deg?/yr)

1.5
2.5

(29)
(26)

(0:9)
(0.9)

26.4
26.2

Wide tier, Option 3
(13000 deg?/yr)

H
H
H
H
\\
\\

1.5
2.5

(44)
(33)

(1.0)
(1.0)

27.1
26.9




Summary

HLWAS reference survey (2000 deg”2) is designed for exquisite
systematics control

1.5 year Roman W-band + LSST coverage can increase FoM by a factor
of 5.5 over reference survey (even with degraded systematics)

Wide Roman covering LSST area to LSST Y10 WL depth (95%) can be
done In 4-5 months with the W-Band

Proposed idea is a

1) medium tier: similar to reference survey (anchor for systematics)
2) wide tier: several options from 5000-13000 deg”2 that need to be
explored further



