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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 deg2

in 4 bands (and the grism). Alternatively, Roman could cover the LSST area of 18,000 deg2 in the W-band (i.e.
the F146 filter spanning 0.93-2.00µm). 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.
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Gary Melnick,1 Andrea Merloni,28 Cléa Millard,51, 60 Martin Millon,6, 5 Ivan Minchev,38

Paulo Montero-Camacho,66, 67 Catalina Morales-Gutierrez,68 Nidia Morrell,8 John Moustakas,69

Leonidas Moustakas,26 Zachary Murray,1 Burcin Mutlu-Pakdil,70 GyuChul Myeong,1, 15 Adam D. Myers,71

Ethan Nadler,8, 72 Felipe Navarete,73 Melissa Ness,36, 3 David L. Nidever,74 Robert Nikutta,2 Chamba Nushkia,75

Knut Olsen,2 Andrew B. Pace,76 Fabio Pacucci,1 Nikhil Padmanabhan,46 David Parkinson,18 Sarah Pearson,24

Eric W. Peng,2 Andreea O. Petric,4 Andreea Petric,4 Bridget Ratcliffe,38 Emami Razieh,1 Thomas Reiprich,77

Mehdi Rezaie,19 Marina Ricci,78 R. Michael Rich,79 Hannah Richstein,53 Alexander H. Riley,30

Constance Rockosi,80 Graziano Rossi,60 Mara Salvato,28 Lado Samushia,19 Javier Sanchez,4 David J Sand,16
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Roman Core Community Surveys will 
be designed in the coming 2 years



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
3

FIG. 1: Observing timeline. Each row represents 7 days of observations, and is color-coded according to the observing program.
Note the microlensing seasons (magenta), supernova survey (blue: ⇠5-day cadence), and HLS (red+yellow). Blank areas are
not allocated. Labels on the left-hand side are shown every 16 weeks.

LSST survey scenario + Exposure Time Calculator (Hirata ++ 2012) 
Creates realistic survey area, depth combination

CANDELS Roman catalog (Hemmati et al 2018) 
Extract “realistic” redshift distribution for lensing and clustering 

sample (also for galaxy clusters)

CosmoLike Multi-Probe Covariance  
Krause & Eifler (2017) 

CosmoLike Likelihood Analysis 

+

Same code used in the LSST-
DESC SRD: 
DESC, Mandelbaum, Eifler et 
al 2019

Cosmology with WFIRST - Synergies with LSST 11

Eq. (20) in H19)
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We weigh this di↵erence matrix with respect to the statistical un-
certainty described in our covariance matrix C, i.e. we perform a
Cholesky decomposition C = LLt and compute

���ch = L�1��� = Uch ⌃⌃⌃ch Vt
ch , (29)

where in the last step we perform a singular value decomposition on
the weighted di↵erence matrix to extract the Principal Components
(PCs) that span the range of uncertainty in baryonic physics. The
first 5 columns of the Uch matrix form a complete description of
baryonic uncertainties given our 5 input hydrodynamical scenarios
BBBi.

L�1(BBBi �MMM) =
5X

n=1
Qn PCn . (30)

[fixed “}” in LaTex code, please check] By reorganizing Eq. (30),
we can generate model vectors that include dark matter and bary-
onic physics as

MMM(pppco,Q) = MMM(pppco)+L
mX

n=1
Qn PCn , (31)

where m 5 5. We include baryons in our analysis by replacing MMM
in Eq. (7) with Eq. (31). We note that the cosmology dependence
only enters through the dark matter part of the model vector, while
the amplitudes of PCs are used as higher order correction for bary-
onic e↵ects. We include the first 3 PCs in our likelihood analysis
and consequently marginalize over 3 PC amplitudes (Q1⇠3) as ad-
ditional degrees of freedom to model baryonic physics.

The priors for the Q are highly conservative and chosen such
that the 1� region of the Gaussian prior corresponds to twice the
amplitude of Q’s needed to capture the Illustris (not TNG) simu-
lation. The original Illustris simulation has a very strong feedback
scenario which is already highly unlikely given present observa-
tions.

4.3 Simulated likelihood analysis

Using the data vectors defined in Sect. 4.1 and the analysis choices
defined in Table 2, we simulate likelihood analyses for the LSST
Year 10, WFIRST HLS, and WFIRST wide scenarios. We point
out that the latter two assume that LSST data exists over the cor-
responding area. Our likelihood analyses span 56 dimensions, 7 of
which relate to cosmological parameters and the remaining 49 de-
scribe uncertainties in modeling observational (shear calibration,
lens and source photo-z uncertainties) and astrophysical systemat-
ics (galaxy bias, intrinsic alignment, baryonic physics).

We use the fast CosmoLike forecasting modules and the emcee
parallel sampling algorithm to generate chains with 1120 walkers,
8000 steps each. Altogether our chains comprise 8.96M steps. We
compare constraining power of the di↵erent scenarios through con-
tour plots in the dark energy equation of state parameters (see Fig.
6) and by computing the Dark Energy Task Force Figure of Merit,
FoM = |C�1

w0,wa
|1/2. In words, we obtain the FoM for a given sce-

nario from the MCMC chains by computing the parameter covari-
ance matrix, extracting the w0,wa submatrix, inverting it, and com-
puting the square root of its determinant.

To test sampling convergence, we compare sub-chains of

Figure 6. [RM: The ‘Gain in. . . ’ implies a quantitative comparison, but I
think really you are simply showing the constraining power (one can only
guesstimate by eye the gain by estimating the areas of the ellipses)?] Gain
in constraining power on dark energy parameters wp (where p is a pivot
redshift, chosen such that the two parameters are somewhat de-correlated)
and wa, marginalized over 5 other cosmological parameters and 49 nui-
sance parameters describing observational and astrophysical systematics.
We show results for the 18,000 deg2 LSST Year 10 data set in red, for the
2000 deg2 WFIRST HLS survey in blue, and for the WFIRST wide sur-
vey (black). Both WFIRST scenarios assume LSST multi-band photometry
over the corresponding area. [RM: Are these 68% and 95% contours?]

140,000 steps starting at step 2.1M and find that our FoMs have
stabilized at 6M steps. We also vary the number of walkers and
starting points (including their variance) and found our results in-
dependent of reasonable choices in these settings.

Figure 6 shows the constraining power in the dark energy
equation of state parameters wa and wp. The latter corresponds
to w0 but computed at a di↵erent redshift, here zp = 0.4, to de-
correlate the two parameters and to enable the reader to better es-
timate 1D projected error bars. The contours shows a substantial
increase in the ability to constrain time-dependent dark energy for
the WFIRST wide scenario compared to the LSST Y10 scenario
and compared to the WFIRST HLS survey.

Regarding the WFIRST HLS versus vs WFIRST wide com-
parison (blue versus vs black contours in Fig. 6) the gain in con-
straining power (� FoM=5.5 [RM: To me � implies addition, but I
think that here and elsewhere in the section you mean a multiplica-
tive factor, as stated in the abstract? Perhaps indicate this di↵er-
ently?]) is mostly driven by the increased area 18,000 deg2 versus
vs 2,000 deg2. The larger number density of lens and source galax-
ies and the improved photo-z accuracy of the HLS cannot compen-
sate for this e↵ect. It is interesting to see that at the precision of
WFIRST HLS and WFIRST wide the results are not fully system-
atics dominated but that an increase in area has a substantial impact
on the contours.

[RM: I have a silly question: I may be misreading the figure,
but I see the (inner) black and red contours di↵ering by maybe 40%
in area, so how is the FoM di↵erent by a factor of 2.4? I thought
that if the area goes up by a factor of 1.4 then the determinant goes
up by a factor of 1.4 and the FoM goes like sqrt(determinant), so

MNRAS 000, 1–?? (2014)
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The challenge of forecasting
reduced data 
and catalogs

summary 
statistics

   Large model vector (CMB+LSS)

   Statistics II - Covariances 
- cosmology dependent Signal + constant Noise 
- large and complicated, non-(block) diagonal 
- different methods for derivation
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large data vector

 e.g., SN1a as priors 
Self-consistent modeling of all observables as a function of 

1) cosmological parameters (~10)   
2) nuisance parameters (XXX) 

  Statistics I - Likelihood function 
- Multivariate Gaussian vs other parameterizations 
- Non-parametric forms 
- Approximate Bayesian Computation

   Enhanced modeling via
- Observations 
- Simulations 

- Theory
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lation. The original Illustris simulation has a very strong feedback
scenario which is already highly unlikely given present observa-
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Year 10, WFIRST HLS, and WFIRST wide scenarios. We point
out that the latter two assume that LSST data exists over the cor-
responding area. Our likelihood analyses span 56 dimensions, 7 of
which relate to cosmological parameters and the remaining 49 de-
scribe uncertainties in modeling observational (shear calibration,
lens and source photo-z uncertainties) and astrophysical systemat-
ics (galaxy bias, intrinsic alignment, baryonic physics).

We use the fast CosmoLike forecasting modules and the emcee
parallel sampling algorithm to generate chains with 1120 walkers,
8000 steps each. Altogether our chains comprise 8.96M steps. We
compare constraining power of the di↵erent scenarios through con-
tour plots in the dark energy equation of state parameters (see Fig.
6) and by computing the Dark Energy Task Force Figure of Merit,
FoM = |C�1

w0,wa
|1/2. In words, we obtain the FoM for a given sce-

nario from the MCMC chains by computing the parameter covari-
ance matrix, extracting the w0,wa submatrix, inverting it, and com-
puting the square root of its determinant.

To test sampling convergence, we compare sub-chains of

Figure 6. [RM: The ‘Gain in. . . ’ implies a quantitative comparison, but I
think really you are simply showing the constraining power (one can only
guesstimate by eye the gain by estimating the areas of the ellipses)?] Gain
in constraining power on dark energy parameters wp (where p is a pivot
redshift, chosen such that the two parameters are somewhat de-correlated)
and wa, marginalized over 5 other cosmological parameters and 49 nui-
sance parameters describing observational and astrophysical systematics.
We show results for the 18,000 deg2 LSST Year 10 data set in red, for the
2000 deg2 WFIRST HLS survey in blue, and for the WFIRST wide sur-
vey (black). Both WFIRST scenarios assume LSST multi-band photometry
over the corresponding area. [RM: Are these 68% and 95% contours?]

140,000 steps starting at step 2.1M and find that our FoMs have
stabilized at 6M steps. We also vary the number of walkers and
starting points (including their variance) and found our results in-
dependent of reasonable choices in these settings.

Figure 6 shows the constraining power in the dark energy
equation of state parameters wa and wp. The latter corresponds
to w0 but computed at a di↵erent redshift, here zp = 0.4, to de-
correlate the two parameters and to enable the reader to better es-
timate 1D projected error bars. The contours shows a substantial
increase in the ability to constrain time-dependent dark energy for
the WFIRST wide scenario compared to the LSST Y10 scenario
and compared to the WFIRST HLS survey.

Regarding the WFIRST HLS versus vs WFIRST wide com-
parison (blue versus vs black contours in Fig. 6) the gain in con-
straining power (� FoM=5.5 [RM: To me � implies addition, but I
think that here and elsewhere in the section you mean a multiplica-
tive factor, as stated in the abstract? Perhaps indicate this di↵er-
ently?]) is mostly driven by the increased area 18,000 deg2 versus
vs 2,000 deg2. The larger number density of lens and source galax-
ies and the improved photo-z accuracy of the HLS cannot compen-
sate for this e↵ect. It is interesting to see that at the precision of
WFIRST HLS and WFIRST wide the results are not fully system-
atics dominated but that an increase in area has a substantial impact
on the contours.

[RM: I have a silly question: I may be misreading the figure,
but I see the (inner) black and red contours di↵ering by maybe 40%
in area, so how is the FoM di↵erent by a factor of 2.4? I thought
that if the area goes up by a factor of 1.4 then the determinant goes
up by a factor of 1.4 and the FoM goes like sqrt(determinant), so

MNRAS 000, 1–?? (2014)



Simulated Multi-
Probe Analysis

• Cosmic shear 
• Galaxy-Galaxy Lensing 
• Galaxy Clustering

• Cluster Clustering 

• Peak Statistics

• Voids

• 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

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



Joint clustering and weak lensing (3x2pt)

galaxies x galaxies: 
angular clustering

lensing x lensing: 
cosmic sheargalaxies x lensing: 

galaxy-galaxy lensing



Problem 1: Probes have systematics
• Weak Lensing (cosmic shear)


• 10 tomography bins

• 25 l bins, 30 < l < 4000


• Galaxy clustering (photometric)

• 10 tomography bins (different from sources, higher number density)


• Galaxy-galaxy lensing

• galaxies from clustering (as lenses) with shear sources

Shear calibration

Photo-z (sources)

Intrinsic alignment 


Baryons

Photo-z (lenses)

Galaxy bias

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

• data quality 

• modeling precision/accuracy of physics, systematics, statistical errors in finite time



Problem 2: Probes are correlated

1. Cosmic Shear

2. Galaxy-Galaxy Lensing

3. Galaxy Clustering

5. Cluster Lensing

4. Cluster Number Counts

6 Tim Eifler et al.

1.

2.

3.

4.

5.

5.

6.

7.

8.

9.

10.

Figure 4. The multi-probe covariance for the HLIS survey.

3.2 Galaxy Clusters

The expected cluster count in richness bin ↵, with �↵,min < � <
�↵,max, and redshift bin i with zi

�,min < z < zi
�,max is given by

N i(�↵) =⌦s

Z zi
�,max

zi
�,min

dz
d2V

dzd⌦

Z
dM

dn
dM

Z �↵,max

�↵,min

d ln� p(ln�|M,z) ,

(9)

where d2V/dzd⌦ is the comoving volume element, dn/dM the halo
mass function in comoving units (for which we omitted the redshift
dependence), p(�|M,z) is the probability distribution function that
a dark halo of mass M at redshift z hosts a cluster with richness
�. Throughout this paper we define halo properties using the over
density � = 200⇢̄, with ⇢̄ the mean matter density, and employ the
? fitting function for the halo mass function. We model the mean
mass-observable relation hln�i (M) as a power-law in halo mass
and redshift,

hln�i (M) = A+B ln
"

M
Mpivot

#
+C ln [1+ z] (10)

with normalization A, slope B, redshift dependence C, and the pivot
mass Mpivot = 3⇥1014 M�/h and further assume a log-normal dis-
tribution with mass- and redshift-dependent scatter �ln�|M ;

p(ln�|M,z) =
1p

2⇡�ln�|M,z
exp

2
6666664�

(ln��hln�i (M))2

2�2
ln�|M,z

3
7777775 , (11)

where

�ln�|M,z = �0 +qM ln
"

M
Mpivot

#
+qz ln [1+ z] . (12)

Note that this parameterization follows ? with the extension to red-
shift dependence.

3.3 Galaxy cluster weak lensing

Within the halo model, the cross power spectrum between cluster
centers and matter density contrast can be written as the usual sum
of two- and one-halo term,

P��↵m(k,z) ⇡ b�↵ (z)Plin(k,z)

+

R
dM dn

dM
M
⇢̄ ũm(k,M)

R �↵,max

�↵,min
d� p(M|�,z)

R
dM dn

dM

R �↵,max

�↵,min
d� p(M|�,z)

,(13)

with Plin(k,z) the linear matter power spectrum. The mean linear
bias of clusters in richness bin ↵ reads

b�↵ (z) =

R
dM dn

dM bh(M)
R �↵,max

�↵,min
d� p(M|�,z)

R
dM dn

dM

R �↵,max

�↵,min
d�p(M|�,z)

, (14)

where bh(M) the halo bias relation, for which we use the fitting
function of ?. The Fourier transform of the radial matter density
profile within a halo of mass M, ũm(k,M), is modeled assuming
?(NFW) profiles with the ? mass-concentration relation c(M,z),

ũm(k,M) =
h
ln(1+ c(M))� c(M)

1+c

i�1 ⇢
sin(x) [Si([1+ c(M)]x�Si(x)]

+cos(x) [Ci([1+ c(M)]x)�Ci(x)]� sin(c(M)x)
(1+c(M))x

�
. (15)

We dropped the redshift dependence of the mass-concentration re-
lation and ũm and define x = kR200(M)/c(M), where R200 is the
cluster radius, and Si(x) and Ci(x) are the sine and cosine integrals.
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Let’s explore synergies 
of Roman and LSST…



Roman+LSST overlap in wavelength
HLIS Reference Survey Design

• Choose bands from Y band (Rubin 
coverage) to 2 µm (beyond which 
background would increase 
dramatically).
• Reference Survey did not plan to use the 

visible filters for the wide survey as 
Rubin/LSST is providing the necessary 
depth.

• This pre-dates the Ks filter.

• Shape measurement with J & H 
(primary) + F184.
• Y band is most challenging for shapes due 

to sampling & wavefront. We intend to do 
shapes in Y on a best-effort basis, 
requirements are set for J & longer l.

• F184 is 0.7 mag shallower than H.

• Depth vs. area trade depends on how 
you tile the sky.
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Continuing the Legacy of NASA’s Great Observatories
   The Nancy Grace Roman Space Telescope 

Roman Space Telescope Spectroscopic Capabilities

Field of View
(sq deg) Wavelength (µm) Resolution Sensitivity (AB mag) 

(10σ per pixel in 1hr)

Grism 0.28 sq deg 1.00-1.93 461 20.5 at 1.5 µm

Prism 0.28 sq deg 0.75-1.80 80-180 23.5 at 1.5 µm

Roman Space Telescope Coronagraphic Capabilities

Wavelength
(µm)

Inner Working Angle
(arcsec)

Outer Working Angle 
(arcsec)

Detection
Limit*

Spectral
Resolution

Imaging 0.5-0.8 0.15 (exoplanets)
0.48 (disks)

0.66 (exoplanets)
1.46 (disks)

10-9 contrast
(after post-
processing)

47-75
Spectroscopy 0.675-0.785

The Roman Space Telescope
The Nancy Grace Roman Space Telescope is a Hubble-sized 
2.4-meter aperture space observatory optimized for wide-field 
infrared astronomy (0.5–2.3 µm) and high-performance
coronagraphy. 

Potential Science Programs
Measure the history of dark energy in the Universe
Understand the fossil record of galaxy formation
Establish the census of “cold” exoplanets
Characterize the epoch of reionization
Directly image and characterize faint exoplanets and disks
Map the history of galaxy evolution over cosmic time
Survey for planets and small bodies in the Solar System 

The Nancy Grace Roman Space Telescope is NASA’s next great observatory, designed to complement the 
capabilities of the Hubble and James Webb Space Telescopes and the next generation of large ground-based 
facilities such as the Rubin Observatory. Formerly named the Wide Field Infrared Survey Telescope (WFIRST), the 
Roman Space Telescope is the first telescope to combine the strengths of NASA’s flagship missions (high 
throughput and high-resolution imaging) with the strengths of our most powerful ground-based surveys (wide field of 
view). Roman offers Hubble sensitivity and 0.1 arcsec resolution over a 0.28 sq deg field of view that is 100x the field of 
Hubble’s visible cameras. Roman is also equipped with a high-performance coronagraph capable of suppressing 
starlight by factors of up to a billion to 1, to directly discover and characterize exoplanets. The mission is designed to 
enable cutting edge astrophysics, with funding opportunities for new observations and archival research programs. The 
Roman Project is currently planning for observatory launch in late 2026.

Roman Space Telescope Imaging Capabilities

Telescope Aperture
(2.4 meter)

Field of View
(45′x23′; 0.28 sq deg)

Pixel Scale
(0.11 arcsec)

Wavelength Range
(0.5-2.3 µm)

Filters F062 F087 F106 F129 F158 F184 F213F146

Wavelength (µm) 0.48-0.76 0.76-0.98 0.93-1.19 1.13-1.45 1.38-1.77 1.68-2.00 1.95-2.300.93-2.00

Sensitivity 
(5σ AB mag in 1 hr) 28.5 28.2 28.1 28.0 28.0 27.5 26.228.3

*Based on current best estimates of performance.

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

November 2021



Roman reference design survey
Possible Placement
(from an integrated tiling simulation)

13

HLS Reference
Wide Area
(2000 deg2)

HLS Time Domain South

HLS Time Domain North

Galactic Bulge

Equatorial Coordinates; dashed lines show Ecliptic & Galactic Plane

Are there alternatives 
relying on ground 
based data? 

Let’s explore Roman 
strategies based on 
synergies with LSST 



Continuing the Legacy of NASA’s Great Observatories
   The Nancy Grace Roman Space Telescope 

Roman Space Telescope Spectroscopic Capabilities

Field of View
(sq deg) Wavelength (µm) Resolution Sensitivity (AB mag) 

(10σ per pixel in 1hr)

Grism 0.28 sq deg 1.00-1.93 461 20.5 at 1.5 µm

Prism 0.28 sq deg 0.75-1.80 80-180 23.5 at 1.5 µm

Roman Space Telescope Coronagraphic Capabilities

Wavelength
(µm)

Inner Working Angle
(arcsec)

Outer Working Angle 
(arcsec)

Detection
Limit*

Spectral
Resolution

Imaging 0.5-0.8 0.15 (exoplanets)
0.48 (disks)

0.66 (exoplanets)
1.46 (disks)

10-9 contrast
(after post-
processing)

47-75
Spectroscopy 0.675-0.785

The Roman Space Telescope
The Nancy Grace Roman Space Telescope is a Hubble-sized 
2.4-meter aperture space observatory optimized for wide-field 
infrared astronomy (0.5–2.3 µm) and high-performance
coronagraphy. 

Potential Science Programs
Measure the history of dark energy in the Universe
Understand the fossil record of galaxy formation
Establish the census of “cold” exoplanets
Characterize the epoch of reionization
Directly image and characterize faint exoplanets and disks
Map the history of galaxy evolution over cosmic time
Survey for planets and small bodies in the Solar System 

The Nancy Grace Roman Space Telescope is NASA’s next great observatory, designed to complement the 
capabilities of the Hubble and James Webb Space Telescopes and the next generation of large ground-based 
facilities such as the Rubin Observatory. Formerly named the Wide Field Infrared Survey Telescope (WFIRST), the 
Roman Space Telescope is the first telescope to combine the strengths of NASA’s flagship missions (high 
throughput and high-resolution imaging) with the strengths of our most powerful ground-based surveys (wide field of 
view). Roman offers Hubble sensitivity and 0.1 arcsec resolution over a 0.28 sq deg field of view that is 100x the field of 
Hubble’s visible cameras. Roman is also equipped with a high-performance coronagraph capable of suppressing 
starlight by factors of up to a billion to 1, to directly discover and characterize exoplanets. The mission is designed to 
enable cutting edge astrophysics, with funding opportunities for new observations and archival research programs. The 
Roman Project is currently planning for observatory launch in late 2026.

Roman Space Telescope Imaging Capabilities

Telescope Aperture
(2.4 meter)

Field of View
(45′x23′; 0.28 sq deg)

Pixel Scale
(0.11 arcsec)

Wavelength Range
(0.5-2.3 µm)

Filters F062 F087 F106 F129 F158 F184 F213F146

Wavelength (µm) 0.48-0.76 0.76-0.98 0.93-1.19 1.13-1.45 1.38-1.77 1.68-2.00 1.95-2.300.93-2.00

Sensitivity 
(5σ AB mag in 1 hr) 28.5 28.2 28.1 28.0 28.0 27.5 26.228.3

*Based on current best estimates of performance.

https://roman.gsfc.nasa.gov/science/Roman_Reference_Information.html
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Roman “wide survey” idea - Synergies with Rubin

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



• Many code aspects have improved since the 
DESC SRD, e.g. the below includes: 
• baryonic physics uncertainty models 
• 10 tomo bins for lenses and sources 
• Full MCMC analysis 
• More complex IA model 
• Different galaxy lens samples  
• Train NNs to run 1000s of simulated 

analyses in short time
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Explore Roman W-band Wide Survey, 18000 deg^2
Cosmology with WFIRST - Synergies with LSST 7
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Figure 3. Limiting magnitude of a 18,000 deg2 WFIRST W-band survey as
a function of survey time. We also show the LSST weak lensing samples
95% and 99% completeness thresholds as dashed lines. [RM: This implies
we use i < 25.3 for the WL source sample for LSST, which is not the case
(only the lens sample is magnitude-limited).]

3.3 WFIRST Survey Strategy Variations

After defining the LSST and the notional WFIRST HLS scenario in
the past sections we now explore and motivate possible variations
in the WFIRST survey strategy, in particular a WFIRST wide sce-
nario that covers the LSST footprint in the W-band (see Table 1).
We again use the CANDELS catalog when defining galaxy samples
for WFIRST and LSST below.

[describe ETC settings]
Figure 3 shows the results when using the ETC to compute the

depth of the W-band and of the H-band as a function of time under
the assumption that no other bands are used. We find that a ⇠5
month WFIRST W-band survey can obtain high-resolution space
imaging for ⇠95% of the LSST weak lensing sample (see Fig. 3.
We define “LSST weak lensing” sample as galaxies that have a 20�
point detection in the LSST i-band. This is completely di↵erent
from how it is defined in the DESC SRD, so it seems unclear to me
how one can compare these results with the DESC SRD ones in a
fair way.

As a first result of this paper we conclude that if blending
poses a systematics limitation to LSST weak lensing cosmology, a
dedicated 5 month WFIRST survey would identify almost all LSST
blends and enable improved modeling of shapes and photo-z for
said blends.

A 1.3 year WFIRST W-band survey will provide correspond-
ing information for ⇠99% of the LSST weak lensing sample and of
course also substantially increase the depth of the WFIRST imag-
ing. This opens up the idea to use the deeper WFIRST imaging
for shape measurements and combine these with the ground based
LSST photometry.

To explore this idea further we define a WFIRST wide sce-
nario, perform a full simulated likelihood analysis, and compare
the results to the constraining power of an LSST Year 10 survey
and the Reference WFIRST HLS survey. We assume a 1.5 year
WFIRST wide survey in the W-band and follow same procedure as
for the WFIRST HLS survey (Sect. 3.2) in deriving the lens and
source sample.

Figure 4 shows the number density of galaxies suitable for

shape measurements from a WFIRST 18,000 deg2 as a function of
survey time and Fig. 5 shows the corresponding fraction of LSST
galaxies for which good photo-z information (5� detection in the
LSST bands [RM: in all of them? We expect plenty of u- and g-band
drop-outs will have perfectly good photo-z, so requiring 5� in all
bands is excessively conservative.]) can be obtained. We also show
the corresponding results for the WFIRST H-band, which is useful
as an alternative to the W-band since wavelength-dependent Point-
Spread Function (PSF) modeling might prohibit shape measure-
ments from a band as broad as the W-band. WFIRST’s di↵raction-
limited PSF size ranges from 0.08500 to 0.17500 over the W-band,
which is about a 50% change, compared to only a 20% change
when using WFIRST’s H-band.

We note that the ESA/NASA Euclid satellite mission is devel-
oping mitigation techniques for a similar problem given that Eu-
clid’s di↵raction-limited PSF size ranges from 0.08500 to 0.15500

over the VIS band, i.e., the main band in which Euclid measures
shapes. Cypriano et al. (2010); Carlsten et al. (2018); Eriksen
& Hoekstra (2018) propose a variety of methods how to control
wavelength-dependent PSF uncertainties through a combination of
improved galaxy spectral energy templates or PSF measurements
based on stars that span the same color range as the galaxies. Ad-
ditional photometric information from the ground is the main av-
enue for Euclid to gain the relevant information to mitigate this
e↵ect, albeit this is of course limited by the di↵erence in resolu-
tion of space- and ground-based imaging (also see Meyers & Bur-
chat 2015, for additional wavelength-dependent PSF e↵ects from
the atmosphere).

WFIRST is in the unique position to collect narrow band,
space resolution imaging over a smaller, but representative area and
calibrate its wide W-band survey if this e↵ect becomes the domi-
nant systematic.

A 1.5 year WFIRST wide survey would yield 45
galaxies/arcmin2 for the source sample (cf. Fig. 4) and 68
galaxies/arcmin2 for the lens sample, which is again defined as a
S/N>10 cut based on the CANDELS catalog. Since we require
good LSST photometry for our WFIRST galaxy sample these
number densities are further reduced to 43 galaxies/arcmin2 (cf.
Fig. 5) for the joint source and 50 galaxies/arcmin2 for the joint
lens sample.

The calculation of the redshift distributions follow the same
procedure as for the WFIRST HLS survey (Sect. 3.2), the only
di↵erence being that we assume a slightly wider Gaussian kernel
�z = 0.02 compared to the HLS scenario.

Wondering if this section could be structured a little more
clearly. But since I am jetlagged in an airport right now, I won’t
dare restructuring it...

4 LIKELIHOOD ANALYSIS - WEAK LENSING AND
GALAXY CLUSTERING

In Sects. 2 and 3 we describe the basic setup of our analysis includ-
ing covariance computation, modeling of observables, inference
process, galaxy sample selection, and redshift distribution compu-
tation. In the following we detail the analysis choices for our likeli-
hood analysis including details on the systematics implementation.

4.1 Building a 3x2pt data vector

Source galaxies – cosmic shear Given the 10 tomographic bins
for the source sample we compute 55 cosmic shear auto-and cross

MNRAS 000, 1–?? (2014)

In 5 months Roman can cover LSST area in 
the W-band with 95% LSST completeness

Fraction of LSST galaxies with good multi-band 
photometry as a function of n_gal of a HLS WL 

sample, based on the CANDELS catalog.



Multi-probe Roman+LSST

Includes 49 dims of systematics 
modeling: 
• Shear calibration (10 params) 
• Galaxy bias (10 params) 
• Photo-z (22 params) 
• Intrinsic Alignment (4 params) 
• Baryons (3 params)

1.5 year Roman W-band survey+LSST  
Analysis is 3x2pt only, (no clusters, spec-z, SN)

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

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

Roman wide + LSST analysis assumes worse 
systematics than 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



Two-tier survey idea



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 Two-Tier Roman HLWAS survey: 
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 


