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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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1 Introduction

Recent decades have seen great advances in cosmic surveys, motivated in large part by the remarkable discov-
ery that the expansion of the Universe is accelerating [1, 2]. Today, the combination of the cosmic microwave
background (CMB) and low-redshift measurements from supernovae and photometric and spectroscopic galaxy
surveys has tightly constrained the parameters of the base cosmological constant + cold dark matter (ΛCDM)
model as well as some possible extensions. However, there are also some tensions in the present data if inter-
preted within the ΛCDM model, including the discrepancy between early-Universe and local measurements of
the Hubble constant H0 [e.g. 3, 4], and the tension between the amplitude of perturbations measured at low
redshift (usually parameterized by S8) [e.g. 5–9] and the prediction from evolving the amplitude measured in
the CMB forward in time. It is not currently known whether these tensions are due to observational systematics,
missing ingredients in astrophysical modeling, the first sign of new fundamental physics beyond the ΛCDM
model, or some combination of these possibilities. A key goal of the next generation of cosmic surveys is to
investigate these possibilities.

Shedding light on the S8 tension requires a new generation of weak lensing surveys, with a major leap in
statistical constraining power, improvements in control of observational systematic errors, and a broader range
of astrophysical information relating to large scale structure. This is best done with a combination of space-
and ground-based facilities. The Nancy Grace Roman Space Telescope [10], with its high angular resolution
and stable point spread function (PSF), and ability to carry out redundant survey strategies with rolls and
multiple passes, will provide exquisite-quality shape measurements. Furthermore, its near infrared coverage
will improve photometric redshifts at z ≳ 1.2, where the Balmer and 4000Å features redshift into the infrared.
However, multi-band highly dithered surveys at space resolution are time-consuming and there are many other
programs within Roman’s 5-year primary mission, so Roman’s Reference survey covers only 2000 deg2. The
Vera Rubin Observatory will be a dedicated optical survey telescope, with the largest CCD mosaic focal plane
ever built for astronomy [11]. Although its angular resolution is limited by the Earth’s atmosphere, its enormous
étendue and low overheads mean that it can carry out a highly redundant survey in 6 bands of essentially the
entire sky available from its observing site. The filter sets of the two observatories together span roughly a
factor of 7 in wavelength, bracketing the Balmer and 4000Å features, the Lyman break, or both across the
whole range of redshifts used for galaxy surveys (see Fig. 1).1 Both Roman and Rubin photo-zs will benefit
from calibration with the new highly multiplexed spectroscopic facilities such as DESI [12] and Subaru/PFS
[13].

The CCS definition process is the right opportunity at the right time to reconsider the synergies between
Roman and Rubin. In the decade since the ∼ 2000 deg2 Reference survey concept was first proposed [14],
there have been great advances in all aspects of weak lensing methodology, including shape measurements,
photometric redshifts, and cosmological infrerence. The Vera Rubin Observatory’s Legacy Survey of Space
and Time (LSST) is scheduled to begin operations in 2024. Roman’s design has been finalized and much of
the hardware has been built and integrated. And we now have advanced, compatible simulation tools for both
observatories [15–17].

This white paper describes a space of alternative designs for the imaging component of the Roman High
Latitude Wide Area Survey (HLWAS) that aim to optimize the synergies with Rubin by going wider. Even a
single band of Roman data would be of benefit for providing space-based shape measurement, high-resolution
data to inform blending, and observer-frame NIR photometry and morphology. Moreover, recent studies have
shown that there is a potential improvement in dark energy constraining power from going wider [18]. The
systematic error budgeting for the different possible designs is a work in progress: thus we present the range
of options that we are studying (ranging from the most conservative Option 1 to the most aggressive Option 3)

1These curves are available on the Project website for Roman and the GitHub site (https://github.com/lsst/
throughputs/tree/main/baseline) for Rubin.
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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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Figure 1: Left: Wavelength coverage and sensitivity of the 4 Roman NIR bands that are part of the reference survey and the
6 LSST optical bands. Right: Wavelength coverage of the imaging bands on Roman (top part of plot) and Rubin (bottom
part of plot). The wide survey concept described in Eifler et al. [18] assumes the W-band (aka the F146 filter spanning
0.93-2.00µm, shown as a dashed line in the upper right) in addition to the 6 LSST bands.

rather than advocating a single design.

2 Motivation: The potential information in a wide survey

In Eifler et al. [18], we explore two different scenarios for the HLWAS imaging survey that bracket the design
space considered in this white paper.

The first scenario is the well-known HLS reference survey, which ensures excellent systematics control via
space-quality imaging and photometry across 4 bands in the NIR. This Roman coverage is complemented by 6
bands in the optical from Rubin Observatory’s Legacy Survey of Space and Time (LSST) at similar depth (see
Fig. 1, left panel). This reference survey would cover 2000 deg2 and take ≈1 year for the imaging component.

The second scenario, estimated to take ∼1.5 years, is based on the idea to cover the entire LSST area
(assumed to be 18,000 deg2) with the W-band only (see F146 band right panel of Fig. 1). This HLS wide survey
concept boosts the statistical constraining power significantly, but it degrades systematics control compared
to the reference design. Of particular concern are photo-z uncertainties, due to the limited information on
the spectral energy distributions (SEDs) at > 1µm, and shape measurement uncertainties, due to the reduced
dithering and the wavelength dependence of the PSF.

Cosmological forecasts: Figure 2 shows the constraining power on dark energy equation of state parame-
ters for a joint analysis of weak lensing and galaxy clustering (so-called 3x2pt) measured for 3 different datasets:
the LSST Y10 dataset, the HLS reference design, and the HLS wide design.

Our forecasting machinery that predicts area coverage, depth, redshift distribution of source and lens galax-
ies as well as priors on systematics is based on the Roman exposure time calculator [19], the CANDELS catalog
as processed in [20], and the COSMOLIKE code [21] informed by the LSST-Dark Energy Science Collabora-
tion Requirement document [22]. We refer the reader to Ref. [18] for details; the parameters derived from this
machinery that enter the likelihood analysis in Fig. 2 are detailed in Table 1. Altogether our likelihood analyses
span 56 dimensions, 7 of which relate to cosmological parameters and the remaining 49 describe uncertainties in
modeling observational (shear calibration, lens and source photo-z uncertainties) and astrophysical systematics
(galaxy bias, intrinsic alignment, baryonic physics). We assume more degraded shear calibration performance
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Figure 2: 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 nuisance 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 HLS reference survey in blue, and for the HLS wide
survey (black). Both HLS scenarios assume LSST multi-band photometry
over the corresponding area. We show the 68% and 95% contours.

Table 1: Parameters that enter the simulated likelihood analyses of Fig. 2 and corresponding DETF-FoM results. HLS reference and
HLS wide assume coverage with LSST bands. Different priors for systematics are assumed for the different analyses in order to mimic
the change in systematic effects.

Case Bands Area [deg2] nsource [1/arcm2] nlens [1/arcm2] DETF FoM
LSST Y10 ugrizy 18,000 27 48 -

HLS reference ugrizy YJH F184 2,000 51 66 0.44 FoMLSST

HLS wide ugrizy W 18,000 43 50 2.4 FoMLSST

for the LSST Y10 analysis (ground -based shapes) compared to the HLS scenarios, and we assume degraded
photo-z precision for the HLS wide compared to the HLS reference survey. We note however that a more de-
tailed analysis on systematic effects is needed, in particular we need to derive these systematic effects directly
from Roman+LSST image simulations.

We compare constraining power by computing the Dark Energy Task Force Figure of Merit, FoM =
|C−1

w0,wa
|1/2. In other words, we obtain the FoM for a given scenario from the MCMC chains by comput-

ing the parameter covariance matrix, extracting the w0, wa submatrix, inverting it, and computing the square
root of its determinant. For further details we refer the reader to Refs. [18, 23].

Survey speed vs. depth: In Eifler et al. [18] we discuss several ideas beyond the 3 specific scenarios for
which we ran full likelihood analyses in Fig. 2. In Fig. 3, we consider the survey yields as a function of time
for both a W-band survey and a standard-width filter (H-band being the highest-performance choice). The left
panel shows the number density of galaxies suitable for shape measurements from a HLS 18,000 deg2 survey as
a function of survey time, the right panel shows the corresponding fraction of galaxies for which good photo-z
information from LSST (5σ detection in the LSST bands, except for u-band) can be obtained.

Systematics: The fast W-band survey mode raise several potential systematics concerns for weak lensing
shape measurement, in particular sampling (with a survey strategy that has fewer dithers than the Reference
strategy) and PSF chromaticity (for the wide 0.93–2.00 µm bandpass). Recent simulations of image combina-
tion [24, 25] have shown promising results for sampling-induced systematics in the Roman Reference survey
even in bands as blue as Y with typically 5–6 dithers, but recovery of a fully sampled coadded image fails with
only 3 dithers, and current shear calibration algorithms [26, 27] suffer biases when run without full sampling
[28, 29] (see also Appendix C of Ref. [24]). At present, the most robust approach to shear calibration in a wide
survey mode would be to use a subregion observed with a Reference-like strategy as an “anchor.”
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Figure 3: Left: The number density of a HLS wide weak lensing galaxy sample for a 18,000 deg2 survey when conducted
in W or H-band, respectively as a function of survey time. Right: Fraction of LSST galaxies with acceptable multi-band
photometry as a function of number density of a HLS weak lensing sample, based on the CANDELS catalog.

The chromatic astrometric + PSF effects in the wide filter are an additional concern. While always present,
they are of special concern for near-diffraction-limited space imagers with wide bandpasses such as Euclid/VIS
or Roman W-band. The two largest chromatic effects for Roman are the dependence of diffraction on wave-
length (λ/D varies from 0.081–0.174 arcsec in the W band), and the dispersion effect due to the wavelength
dependence of the index of refraction of the fused silica filter substrate (a point source is smeared into a radial
“rainbow”, whose full length varies from 0 at the field center to ≈ 1.3 pixels in the field corners).2 Sev-
eral methods [30–32] have been proposed to control chromatic PSF uncertainties through a combination of
improved galaxy SED templates or PSF measurements based on stars that span the same color range as the
galaxies. There are challenges to implementing these for the Roman W-band (e.g., the star SEDs are very dif-
ferent from galaxy SEDs over such a wide band) and so the most promising approach to shear calibration is
again to use a Reference survey-like region as an anchor.

Looking at the shape measurement problem from the perspective of LSST, blending represents a critical
source of systematic uncertainty [e.g. 33, 34], and one of the least well understood. If this continues to be a
challenge in the LSST era, then a wider layer of higher-resolution Roman data, even in one infrared band, would
identify many of the blends (see, e.g., §5.4 of Troxel et al. [17], for the statistics in the current Roman+Rubin
simulations). Initial results from Ref [18] show that a 5 month W-band survey would be able to provide space-
based imaging for 95% of the LSST Y10 weak lensing galaxy sample, which would significantly mitigate LSST
blending problems.

In summary, while the HLS wide scenario significantly increases statistical power of the Roman survey, as
a stand-alone concept it is not sufficiently robust. Rather we advocate that a wide component should be part
of a HLWAS two-tier strategy that combines exquisite systematics control using multi-band coverage over a

2While diffraction is common to both the Euclid and Roman missions, there are several technical differences that cause the physics
of chromatic effects to be different. Most notably, Roman’s bandpass filters are in transmission whereas Euclid/VIS is in reflection. A
transmission coefficient through a multilayer filter as a function of frequency has no zeros in the upper half complex plane (Im ω > 0)
and so obeys a Bayard-Bode relation: the transmitted phase ripple is related to the transmitted power ripple and thus is constrained by the
bandpass filter requirements. The light does pass through the filter substrate and thus suffers differential chromatic refraction, although
for a clear substrate this is necessarily a smooth function of frequency. A reflection coefficient from a multilayer filter generically has
zeros in the upper half plane and thus there is frequency dependence in the reflection phase that cannot be inferred from the reflection
power. But in this case, the reflected light does not need to pass through the substrate.
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smaller area with a Roman wide concept. In the next section we consider such two-tier scenarios.

3 Design space for a two-tier HLWAS survey

The Reference design for the Roman HLWAS covers 2000 deg2 in 4 bands + the grism. Although there is a
strong benefit in statistical errors to going wider (the usual ∝ Area−1/2 law), attempts to make the Reference
design wider run into the basic challenge that with an appropriate dithering pattern to achieve full sampling in
4 bands and with the read noise and slew-settle overheads of an infrared focal plane on a large observatory,
faster surveys become inefficient (the sensitivity degrades much faster than the square root of survey speed).
Furthermore, although there is strong interest in the recently-added K band for extragalactic survey science
cases (see §8 of Stauffer et al. [35] for an overview), adding a 5th band would make the survey speed challenge
even more difficult. The most promising way to break free of this limitation 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. The highly redundant medium tier would be used as an “anchor” for calibrating
shear and photo-z systematics in the wide tier.

Notionally, one might consider an imaging program for the medium tier with ∼ 1000 deg2 in 4 bands (or
∼ 800 deg2 in 5 bands if K band is added). The spectroscopic element of the HLWAS might choose to go
deeper on this footprint or not: discussion of the grism survey trade space is outside the scope of this white
paper.

Observing strategies for the wide tier: There is a range of choices for the wide single-filter tier. The
possibilities, ranging from most conservative to most ambitious in terms of speed, are:

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
übercalibration 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 µm 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 ugrizyH . The principal disadvantage is that the 1-band survey speed is only ∼ 4×
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 is 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 is 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 µm bandpass.

A comparison of the survey yields for the Reference survey and these three options for the wide tier is shown
in Table 2.

Footprints: The sky area available for Roman + Rubin synergistic surveys could in principle be expanded
to include almost half the sky. However, although the Universe as a whole is isotropic, observing conditions
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Table 2: The forecast survey yields of the Reference survey and the various wide options. Shape measurement cuts are defined with
matched filter S/N> 18; resolution factor > 0.4; and ellipticity measurement error per component σe < 0.2 (in the Bernstein &
Jarvis [36] convention). Combinations such as “J+H” denote a synthetic filter made by combining, e.g., the J and H band images. The
zodiacal light brightness of 1.5×pole is ∼70th percentile in the Reference survey; the case of 2.5×pole is appropriate for regions near
the Ecliptic in the wide survey options. Weak lensing source densities in parentheses correspond to cases where we would have to
implement shear measurement without recovering full sampling and calibrate any resulting biases.

Case band Zodi brightness source neff zmed 5σ pt src depth
[pole=1] [arcmin−2] [mag AB]

Reference Survey F184 1.5 25 0.9 26.1
(2000 deg2/yr) H 1.5 36 1.0 26.7

J 1.5 35 1.0 26.8
Y 1.5 (28) (0.8) 26.7

J+H 1.5 46 1.0 27.1
Wide tier, Option 1 H 1.5 36 1.0 26.7

(8000 deg2/yr) H 2.5 32 1.0 26.5
Wide tier, Option 2 H 1.5 (29) (0.9) 26.4

(13000 deg2/yr) H 2.5 (26) (0.9) 26.2
Wide tier, Option 3 W 1.5 (44) (1.0) 27.1

(13000 deg2/yr) W 2.5 (38) (1.0) 26.9

make some of these regions more valuable than others. The “best” area for the optical data will likely be the
regions that pass near zenith at the Rubin site (to minimize atmospheric dispersion and extinction effects) and
have low Galactic dust column (to minimize reddening). There are 7010 deg2 of sky that pass within 30◦ of
zenith at Rubin and have E(B−V )SFD < 0.05 mag.3 This region is split into 5780 deg2 (South Galactic Cap)
+ 1230 deg2 (North Galactic Cap).

We note that of this ideal region 5300 deg2 are > 15◦ from the Ecliptic (hence with Euclid coverage).
These regions farther from the Ecliptic have lower zodiacal background available from space, but they are also
farther south and hence less accessible to Northern Hemisphere facilities. Because read noise is significant
in the fastest Roman survey modes, the benefit of choosing high ecliptic latitude fields is not as strong as for
Euclid/VIS: for example, in 5×140 s exposures in Roman H-band, we find the weak lensing source density neff

varies from 38 arcmin−2 at the Ecliptic poles to 30 arcmin−2 in the Ecliptic at quadrature (only a 23% loss).

An example of a footprint for an Option 1 survey (the most conservative of our three options) is shown in
Fig. 4. This should be thought of as a proof of concept, and the boundaries could be adjusted somewhat. This
example covers 4775 deg2 in the South Galactic Cap, of which 783 deg2 is within 15◦ of the Ecliptic.

4 Summary: the Roman HLWAS imaging program in context

By the time Roman launches (October 2026), several Stage 4 cosmology surveys will be well underway. DESI
will have just completed its 5-year survey, potentially DESI II will have commenced, and the Prime Focus
Spectrograph survey on Subaru will have started. The Euclid satellite mission (launch 2023) will have covered
∼50% of its footprint, Rubin/LSST will have collected 30–40% of its data, and the SPHEREx mission will be
close to completing its 2-year mission. Cosmic microwave background observations will also have advanced:
the Simons Observatory (SO) will have completed several years of operations and be preparing for a major
upgrade, and CMB-S4 (S4) will be under construction.

3This area varies continuously with the choice of boundaries, e.g., it is 11050 deg2 at E(B − V )SFD < 0.1 mag.
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Figure 4: A worked example of an Option 1 survey. This survey requires 1.01 years for HLWAS imaging (including the deep fields).
The coverage at ≥ 4 exposures is 4775 deg2 in H band (mean coverage = 6.0 exposures). Top panel: The simulated survey footprint in
Equatorial coordinates. The yellow region shows the medium tier (+ deep fields) and the red region shows the wide tier. Bottom panel:
The cumulative coverage and zodiacal light brightness in each band.
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This opens up unique opportunities for Roman to design an HLWAS survey that is not just an exciting
dataset in itself but highly synergistic to the contemporary datasets. In this white paper we focused on the
Roman HLWAS imaging component and primarily consider synergies with LSST. These two datasets have ex-
cellent complementarity in terms of wavelength coverage, they can reach similar depth in their observations,
and they can observe the same footprint. The Euclid mission also has excellent synergies with LSST, but it
does not reach LSST depth and its overlap with LSST is approximately 8200 deg2. Also, access to the Euclid
dataset/tools will be significantly delayed for the large majority of the US and international astronomy com-
munity (those outside of the Euclid collaboration), whereas the Roman dataset will be available immediately.
Regions that do have Euclid + Roman wide tier coverage will have two bands of space-resolution morpholog-
ical information — and at z ∼ 1, near the median of the weak lensing sample, this includes one (Euclid/VIS)
that highlights younger stars and one (Roman H or W) more sensitive to the old component.

In this white paper we have outlined several two-tier survey scenarios for the HLWAS imaging component
that have a wide imaging survey component to improve the cosmological constraining power, and a smaller area
covered in multi-band photometry to anchor our understanding of the systematics. Option 1 represents a con-
servative choice, building on the data processing and shape measurement strategies that have been extensively
simulated thus far [17, 24, 25]. Options 2 and 3 cover even more area and could potentially cover all of LSST’s
extragalactic sky to LSST depth. However, they will require additional simulations to develop a complete shear
and photo-z systematics budget and to connect this with the forecasting machinery.

Such a Roman wide survey component that overlaps with LSST would not just enhance cosmology sci-
ence based on weak lensing and photometric galaxy clustering, it would also significantly enhance cross-
correlation based science e.g., galaxy-galaxy lensing between SPHEREx/DESI and Roman, and CMB lensing
cross-correlation measurements with SO/S4. Beyond correlation function measurements, galaxy cluster cos-
mology (optical cluster selection and weak lensing based cluster mass estimation) will also benefit from the
increased statistics of a Roman wide survey component, as will trough and void cosmology.

For cosmology and many other science cases a fast, perhaps slightly shallower survey early in the mission
with the Roman H- or W-band that covers (a large fraction of) the LSST footprint and that is made available to
the public immediately would be a unique dataset to explore.
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[11] Ž. Ivezić, S. M. Kahn, J. A. Tyson, B. Abel, E. Acosta, R. Allsman, D. Alonso, Y. AlSayyad, S. F.
Anderson, J. Andrew, and et al., “LSST: From Science Drivers to Reference Design and Anticipated
Data Products,” ApJ 873 (Mar., 2019) 111, arXiv:0805.2366.

[12] DESI Collaboration, A. Aghamousa, J. Aguilar, S. Ahlen, S. Alam, L. E. Allen, C. Allende Prieto,
J. Annis, S. Bailey, C. Balland, O. Ballester, C. Baltay, L. Beaufore, C. Bebek, T. C. Beers, E. F. Bell,
J. L. Bernal, R. Besuner, F. Beutler, C. Blake, H. Bleuler, M. Blomqvist, R. Blum, A. S. Bolton,
C. Briceno, D. Brooks, J. R. Brownstein, E. Buckley-Geer, A. Burden, E. Burtin, N. G. Busca, R. N.
Cahn, Y.-C. Cai, L. Cardiel-Sas, R. G. Carlberg, P.-H. Carton, R. Casas, F. J. Castand er, J. L.
Cervantes-Cota, T. M. Claybaugh, M. Close, C. T. Coker, S. Cole, J. Comparat, A. P. Cooper, M. C.
Cousinou, M. Crocce, J.-G. Cuby, D. P. Cunningham, T. M. Davis, K. S. Dawson, A. de la Macorra,
J. De Vicente, T. Delubac, M. Derwent, A. Dey, G. Dhungana, Z. Ding, P. Doel, Y. T. Duan, A. Ealet,
J. Edelstein, S. Eftekharzadeh, D. J. Eisenstein, A. Elliott, S. Escoffier, M. Evatt, P. Fagrelius, X. Fan,
K. Fanning, A. Farahi, J. Farihi, G. Favole, Y. Feng, E. Fernandez, J. R. Findlay, D. P. Finkbeiner, M. J.
Fitzpatrick, B. Flaugher, S. Flender, A. Font-Ribera, J. E. Forero-Romero, P. Fosalba, C. S. Frenk,
M. Fumagalli, B. T. Gaensicke, G. Gallo, J. Garcia-Bellido, E. Gaztanaga, N. Pietro Gentile Fusillo,
T. Gerard, I. Gershkovich, T. Giannantonio, D. Gillet, G. Gonzalez-de-Rivera, V. Gonzalez-Perez,
S. Gott, O. Graur, G. Gutierrez, J. Guy, S. Habib, H. Heetderks, I. Heetderks, K. Heitmann, W. A.
Hellwing, D. A. Herrera, S. Ho, S. Holland, K. Honscheid, E. Huff, T. A. Hutchinson, D. Huterer, H. S.
Hwang, J. M. Illa Laguna, Y. Ishikawa, D. Jacobs, N. Jeffrey, P. Jelinsky, E. Jennings, L. Jiang,
J. Jimenez, J. Johnson, R. Joyce, E. Jullo, S. Juneau, S. Kama, A. Karcher, S. Karkar, R. Kehoe,
N. Kennamer, S. Kent, M. Kilbinger, A. G. Kim, D. Kirkby, T. Kisner, E. Kitanidis, J.-P. Kneib,
S. Koposov, E. Kovacs, K. Koyama, A. Kremin, R. Kron, L. Kronig, A. Kueter-Young, C. G. Lacey,
R. Lafever, O. Lahav, A. Lambert, M. Lampton, M. Land riau, D. Lang, T. R. Lauer, J.-M. Le Goff,
L. Le Guillou, A. Le Van Suu, J. H. Lee, S.-J. Lee, D. Leitner, M. Lesser, M. E. Levi, B. L’Huillier,
B. Li, M. Liang, H. Lin, E. Linder, S. R. Loebman, Z. Lukić, J. Ma, N. MacCrann, C. Magneville,
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