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41National Radio Astronomy Observatory Array Operations Center, 1003 Lopezville Rd, Socorro, NM 87801
42Department of Physics, University of Surrey, Guildford, GU2 7XH, UK

43Johns Hopkins University, 3400 N. Charles St, Baltimore, MD 21218, USA
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SURVEY SCOPE

The Nancy Grace Roman Space Telescope (Roman) is capable of delivering an unprecedented all-sky, high-spatial

resolution, multi-epoch infrared map to the astronomical community. This opportunity arises in the midst of

numerous ground- and space-based surveys that will provide extensive spectroscopy and imaging together covering the

entire sky (such as Rubin/LSST, Euclid, UNIONS, SPHEREx, DESI, SDSS-V, GALAH, 4MOST, WEAVE, MOONS,

PFS, UVEX, NEO Surveyor, etc.). Roman can uniquely provide uniform high-spatial-resolution (≈0.1”) imaging over

the entire sky, vastly expanding the science reach and precision of all of these near-term and future surveys. This

imaging will not only enhance other surveys, but also facilitate completely new science. By imaging the full sky over

two epochs, Roman can measure the proper motions for stars across the entire Milky Way, probing 100 times fainter

than Gaia out to the very edge of the Galaxy. Here, we propose NANCY: a completely public, all-sky survey that will

create a high-value legacy dataset benefiting innumerable ongoing and forthcoming studies of the universe. NANCY

is a pure expression of Roman’s potential: it images the entire sky, at high spatial resolution, in a broad infrared

bandpass that collects as many photons as possible. The majority of all ongoing astronomical surveys would benefit

from incorporating observations of NANCY into their analyses, whether these surveys focus on nearby stars, the Milky

Way, near-field cosmology, or the broader universe.

In this white paper, we propose using Roman to scan the entire sky to a 5σ (10σ) single-exposure

depth of 25 AB mag (24.5 mag) in at least two epochs. There are several survey designs that can reach this

goal within the scope of a Core Community Survey (CCS), which we outline in Table 1. We present three “fiducial”
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Figure 1. Completed and on-going ground-based imaging surveys cover the entire sky in multiple bands. The figure shows the
footprints of the completed PanSTARRS1 (Chambers et al. 2016), the ongoing UNIONS project (Ibata et al. 2017), existing
data from DECam in the NOIRLab archive, and the Legacy Surveys DR9-North survey (Dey et al. 2019). The outline of the
Rubin/LSST WFD survey is shown by the blue dashed line. NANCY’s ≈ 0.1 arcsec spatial resolution infrared map will cover
the entire sky, completely overlapping all of these surveys and greatly expanding the value and science of them all.

designs that we consider equally, and two “reduced” designs that are smaller in scope than the fiducial surveys. We

note that all of these surveys are significantly shorter than the notional High-Latitude Wide-Area Survey, which is

planned to take 24 months (730 days) of on-sky time. We nominally adopt F146 (λcen = 1.464µm,∆λ = 1.073µm)

as the primary filter due to its high throughput, but also provide how the total survey time would scale up in other

filters in Figure 2. In one of the fiducial surveys, we describe an option to add a second filter in F087, F106, or F129.

In any survey design, completing the first epoch as early in the mission as possible, and repeating the

observations near the end of the baseline mission is critical. This strategy will allow the survey to deliver

precise proper motions for faint stars across the entire sky. We describe the fiducial surveys in detail in Section 2, and

the reduced surveys in Section 3.

1. SCIENCE IMPACT

Observational cosmology is in its heyday, with a multitude of experiments making precision measurements of the

geometry and expansion history of the universe (e.g., eROSITA, SDSS, DES, DESI, Rubin/LSST, Euclid, SPHEREx,

CMBS-4). Simultaneously, Galactic astronomy is undergoing a renaissance with the advent of Gaia, time-domain

surveys such as ATLAS, ZTF and TESS, and the proliferation of highly multiplexed spectroscopic facilities like DESI

and 4MOST. In the near-future, Rubin/LSST will be a weak-lensing, cluster-finding, near-field cosmology, and Galactic

astronomy engine. Several ongoing and future space missions will result in mapping the sky at X-ray (SRG/eROSITA),

UV (UVEX in planning), optical and IR (Euclid in 2023, and SPHEREx in 2025). In the radio, the combination of

the VLA All-Sky Survey (VLASS; Lacy et al. 2020) and ASKAP’s EMU survey (Norris 2011) will cover the entire sky

in multiple epochs. All of these surveys will benefit from 0.1” NIR resolution imaging to identify counterpart sources

and their precise morphologies. As the only all-sky, 0.1” resolution infrared survey, NANCY will indeed be the

preeminent dataset to fully leverage the investment in other wide-field imaging, spectroscopic and multi-wavelength

ground- and space-based missions. For example, the combination of NANCY and Rubin/LSST data can deliver more

accurate photo-zs and mass measurements of the eROSITA selected galaxy clusters out to redshifts of z ∼ 2, which will

constrain the evolution of dark energy. NANCY can also provide SPHEREx (Crill et al. 2020) with a deep prior catalog

in the NIR, which will greatly improve the prior-driven SPHEREx spectroscopy and target selection. By the time

Roman launches, DESI (DESI Collaboration et al. 2022) will have measured ≈40 million redshifts and 10 million radial

velocities; NANCY will yield near-IR morphologies and photometry of every galaxy/QSO with a measured redshift,

and proper motions for every star observed by DESI. The legacy value of NANCY will span the whole spectrum in

wavelength and time.

At its core, NANCY will produce the highest resolution image of the entire sky in the near-IR (NIR). From this all-sky

image, we highlight three Key Products (detailed below): (1) the highest resolution image of nearly every object in the
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sky, enabling accurate source classification for ground-based telescopes down to 25 mag in J/H band and accurate weak-

lensing shape measurements; (2) proper motion measurements to unprecedented depths, enabling kinematic studies of

the Galaxy that can pin down the nature of dark matter; and (3) a high-spatial-resolution-NIR map of the Milky Way,

enabling precision cosmology via improved foreground modeling. Outside of these Key Products, NANCY will broaden

the horizon for virtually all aspects of astronomy, including (but not limited to) detecting strong gravitational lenses,

establishing a first epoch for transient phenomena, searching for wandering intermediate-mass black holes, discovering

low-surface-brightness features such as merging galaxy shells, searching for extragalactic globular clusters and dwarf

galaxy companions, and providing robust identifications for SN progenitors in nearby galaxies. We emphasize that

NANCY is the only opportunity to deliver such a legacy dataset in the foreseeable future.

1.1. Key Product 1: The highest spatial resolution image of the entire sky

NANCY will create the highest resolution image of nearly every object in the sky. The most basic use of these

data will be the identification of point sources (e.g., stars and quasars) and resolved objects (e.g., galaxies), as well

as blended groups of multiple sources. This information is critical throughout astronomy. For instance, ongoing and

forthcoming weak-lensing cosmology experiments rely on the robust identification and shape measurements of faint

galaxies, but suffer from star–galaxy separation and source confusion issues. Even Rubin/LSST will have star-galaxy

confusion at i ≈ 24 AB mag (see, e.g., Fig 4, 5 of Bechtol et al. Roman White paper). The proposed F146 5σ depth of

25 AB mag means that NANCY can readily separate point/extended sources brighter than this limit (e.g., Slater et al.

2020), which is > 1 mag fainter than feasible with only the Rubin data. Therefore, NANCY will expand the reaches

of the Rubin cosmology program. Rubin and Euclid will also create considerable synergies. In the 15,000 sq. degrees

of the Euclid Wide Survey (Euclid Collaboration et al. 2022), Euclid will also deliver ∼ 0.1” resolution imaging in

the VIS filter (0.55− 0.9µm, 5σ at 26.2 mag) that can be combined with NANCY to measure colors of these sources,

which greatly enhances the legacy of both surveys. In the NIR, Euclid will observe shallower (5σ at 24.5 mag) at

lower resolution (0.3” vs. 0.1”) than Roman, but still provide an invaluable third epoch to most NANCY sources. Due

to its optimal NIR imaging, Roman is uniquely suited to solve the problem of source classification for high-redshift

sources. Faint source classification also critically impacts near-field science, such as searching for ultra-faint dwarf

galaxies tracing the low-mass end of the halo mass function (e.g., Drlica-Wagner et al. 2015), or studying rare stellar

objects in the Galaxy. With NANCY, Roman presents an opportunity to truly “resolve” the source classification

problem for all ground-based telescopes. The only competition to NANCY in the forseeable future would be larger

NANCY-like programs using Roman—and these would benefit tremendously from initial all-sky observations made as

part of NANCY.

1.2. Key Product 2: All-sky astrometry of the lowest mass and most distant stars

The Gaia mission (Gaia Collaboration et al. 2016) has showcased the impact that precision astrometry can have

throughout Galactic astronomy. Roman will detect stars much further away and fainter than Gaia. As an example,

a red clump (RC) star at the Galaxy’s virial radius (∼ 250kpc) is 22 mag in the F146 filter. NANCY will detect

this star with an SNR of 80. The same star is 23.5 mag in the Gaia G band, which is invisible to Gaia (limiting

magnitude G=21). Beyond the Galaxy, the tip of the red-giant branch will be visible out to ∼ 10 Mpc at the 5σ 25

mag limit of NANCY, covering the entire Local Group including M31, M33, and numerous dwarf galaxies. While it

is yet challenging to accurately estimate the proper motion uncertainty from two epochs with a 5-year baseline (the

WFIRST Astrometry Working Group et al. 2019, estimate 25 µas/year for the High-latitude Wide-Area survey), we

estimate a rough proper motion uncertainty as δPM ∼ max(
√
2 × FWHM/SNR/5 years, 0.01pix/5 years), assuming

a systematic floor of 0.01pix. From this we infer that NANCY will provide ∼ 200 µas/year precision proper motion

measurements for all stars brighter than 21.8 mag in F146, and a precision that scales inversely with SNR down to

the faint limit of 25 mag. In the region of overlap with Euclid, the Euclid imaging data will provide a useful first

epoch, increasing the proper motion baseline by a maximum of a factor of ∼ 2. GO observations can also provide more

epochs that can reduce the systematic uncertainty floor by 1/
√

Nepoch. In combination with millions of radial velocity

and chemical abundance measurements from large ground-based spectroscopic surveys (e.g., DESI, SDSS-V, WEAVE,

PFS, 4MOST), these measurements will allow us to reveal the formation history of the Milky Way in exquisite detail,

and measure density and velocity perturbations in stellar streams imprinted by past encounters with dark matter

subhalos.
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Figure 2. The PSF size in each WFI filter versus the exposure time required to reach 25 AB mag. On the top axis, we also
show the time it takes in each filter to scan the whole sky once (assuming 3 dithers, see Section 2). The range of PSF width
resulting from the width of the filter is represented by the vertical bars. The Roman pixel scale of 0.11” is represented by the
thick grey horizontal line.

1.3. Key Product 3: A High-Spatial-Resolution-NIR Map of the Milky Way

Roman’s high angular resolution and deep NIR sensitivity enable an unprecedented view of the entire Milky Way,

including regions with extreme crowding and extinction. Peering through dust to identify globular clusters in the

Galactic plane and embedded young stellar objects (YSOs), NANCY will explore star formation in diverse environments

from the densest regions of the Galactic center to the spiral arms. By providing the astrometry for a significant fraction

of stars in the Galaxy, NANCY will establish the leading catalog for identifying sources of transients, performing

forced-photometry on lower-resolution imaging, and targeting spectroscopic surveys, especially those in H-band, such

as SDSS-V and MOONS, which are mapping the chemical evolution of the Milky Way (Kollmeier et al. 2017; Taylor

et al. 2018; Almeida et al. 2023). Studies of dust cloud morphology at high angular resolution will probe the mechanisms

of molecular cloud assembly and evolution as well as the turbulent structure of the ISM across orders of magnitude

in spatial scale. The deep F146 photometry will provide “background” sources both at unprecedented distances and

for lines of sight with extremely high column densities of dust that, when combined with deep, all-sky, ground-based,

multi-color photometry, will extend 3D dust maps to larger distances and into denser cores of molecular clouds (e.g.,

Green et al. 2019). These stellar-reddening based maps of Galactic dust are imperative for precision cosmology to

remove Galactic foregrounds in dereddening extragalactic sources at high angular resolution (≤ 1 arcmin).

2. FIDUCIAL SURVEY DESIGN

Roman’s 0.28 sq. deg. camera can map the entire sky (4π sr) in 147,332 contiguous fields. Using the exposure time

calculator, we estimate that a total exposure of 30s per field is sufficient to reach the desired 5σ depth of 25 AB mag in

F146, assuming zodiacal light twice greater than minimum. In Figure 2 we show the different exposure times required

to achieve the same depth in each filter. Based on these basic parameters, we present three possible designs for the

fiducial survey.

In the first design, each exposure is broken up into three 10s dithers (with a 20s slew time between dithers) in order

to fill in the chip gaps and improve the PSF sampling. After one field is completed, Roman will slew along its short FoV

axis (0.4 deg) to the next contiguous field, taking ≈50 seconds. Thus, each single-epoch field will take 30s (exposure)

+ 40s (dither) + 50s (slew) = 120s. This equates to 204 days for one epoch of full-sky, and 408 days for two epochs.

We further partition each full-sky scan into two equal (102-day) campaigns: the high-Galactic-latitude (|b| > 30 deg,
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Survey PM Total duration Campaign duration Campaigns

[days] [days] Y1 Y2 Y2.5 Y4 Y5

Fiducial (Dither) AL 408 102 HL LL - LL HL

Fiducial (No Dither) AL 408 136 AL - AL - AL

Fiducial (No Dither, Two-band) AL 452 136/179 AL - AL [179 days] - AL

3/4 Reduced HL 306 102 HL LL - - HL

Half Reduced - 204 102 HL LL - - -

Table 1. Survey Options for implementing NANCY. The top three are the “fiducial” designs that we consider equally, and the
last two are the “reduced” designs that take significantly less time than the fiducial surveys. We note that all of these surveys
are significantly shorter than the notional High-Latitude Wide-Area Survey, which is estimated to take 24 months (730 days)
of on-sky time. All exposure times assume a single-exposure depth of 5σ at 25 AB mag. The F146 filter is used in all but the
Y2.5 Campaign of the Third Fiducial survey, which uses F087/F102/F126. Column 2 denotes the survey area over which proper
motions will be derived. Column 3 is the total duration of the entire survey, and column 4 is the duration for each year-long
Campaign. In columns 2, 5-9, AL/HL/LL = All/High/Low Latitudes.

50% of the full sky) campaign, and the low-latitude (|b| < 30 deg, 50% of the full sky) campaign. This partition allows

for more flexible scheduling within a given year. It is imperative that the two epochs of a given field are taken at

the same time of year; this will minimize the parallax-induced astrometric shifts and allow for accurate proper motion

measurements. While this survey design has the benefit that each exposure is well-sampled and void of chip gaps, it

is also not an efficient design: the shutter is open only 25% of the survey time. It may be possible to utilize the slew

time to spread out the brightest targets, which can help improve astrometry along the axis perpendicular to the slew.

However, the prospect of such “slew exposures” depends greatly on the data volume constraints, and we do not make

quantitative estimates here.

In the second design, we do not dither during a single epoch, but instead do three tilings of the sky, with non-

overlapping pointing centers for each tiling to fill in the chip gaps. Each single-epoch field takes 30s (exposure) + 50s

(slew) = 80s. This strategy allows us to add a third epoch at Y2.5, while still taking 408 days of total survey time,

identical to the first design. By placing this intermediate epoch precisely 6 months after 2 years, we can constrain

the parallax as well as the proper motion. The astrometric solution for stars that lie in the chip gaps will be more

complicated, but even such stars will have at least a 2.5 year baseline for proper motions. In this design, we rely on

up-the-ramp sampling for cosmic ray rejection.

A unique opportunity in this three-epoch design is that we can use a different filter for the intermediate epoch. This

is the third survey design. For example, replacing the F146 with F062 in the Y2.5 epoch will add just 12 days (420

days total), and F087, F106, or F129 will equally add 44 days to the survey (452 days total). Since F146 is a wide-band

filter, adding a narrower filter such as F106 or F129 would serve as a complementary catalog for source classification

while also adding color information.

3. DESIGN TRADE SPACE

The three main parameters of the survey are: survey area (41,253 sq. deg), exposure time (30s), and the F146

filter. As more than half of the survey time is already dedicated to slew/settle, reducing the exposure time would

yield a less efficient survey. The choice of the F146 filter is driven by its throughput and sampling. In Figure 1 we

plot the exposure time required to reach 5σ at 25 mag, and the PSF size in arcseconds for each filter. F146 requires

the least exposure time. The second fastest filter is F062 (λcen = 0.62µm,∆λ = 0.28µm) at 37s; however, F062 is

less well sampled than F146 (0.058” vs. 0.105” PSF, while the pixel scale is 0.11”), which makes the morphological

classification of sources at the faint end more difficult. Thus, F146 is the ideal filter for a fast survey. Since reducing

the exposure time is not viable, and using a different filter only increases the total survey time, the survey area offers

the only meaningful trade space to reduce the total survey time. We thus present two “reduced” surveys that are

smaller in survey area.

The first reduced survey is the “3/4” survey, which scans the high-latitude (HL) sky twice and the low-latitude (LL)

sky only once (HL in Y1, LL spread over Y2–4, HL in Y5). This will still enable astrometry in the halo and extinction

mapping in the Galactic plane. The second reduced survey is the “half” survey, which scans the full sky once in Y1.

This design will rely on GO programs to obtain astrometry for targeted fields, but will still deliver an invaluable all-



8

sky source catalog. In all cases, it is still critical that, at the minimum, an all-sky, high-Galactic-latitude

campaign occurs in Y1 in order to enable precise astrometric measurements later during the mission.

While in this white paper we have focused on delivering the fastest possible full-sky survey, there are several reasons

to consider a longer, more full-fledged version of NANCY. First, a key challenge to designing any Roman survey is

the considerable overhead (20s per chip-gap dither, 50s per short-FoV axis slew). A direct way to make the survey

more efficient would be to increase the exposure times, thereby reducing the fraction of time spent on slew/settle. For

example, if we entirely replaced F146 with F087, F106, or F129, the required exposure time to reach the 5σ depth at 25

mag is 55s, and the fiducial survey with dithering would take 491 days. Using these narrower filters would also remedy

a major disadvantage of the F146 filter that it is difficult to accurately calculate the PSF for sources of unknown

color due to the exceptional wavelength range. One could even consider a multi-epoch, multi-band all-sky survey that

would provide colors for every object in the survey; such a survey would likely take ∼ 900 days of survey time. To

improve proper motion uncertainties, adding additional epochs is more effective than taking deeper exposures, as the

astrometric measurements are limited by systematics for most sources of interest in the Galaxy. The same strategy

would benefit the Time Domain CCS as well: increasing the number of epochs directly increases the discovery space

in time.

4. SUMMARY

Roman is the only instrument capable of carrying out a high-resolution, all-sky NIR survey like NANCY for the

foreseeable future. The legacy value of this survey spans the whole spectrum of astronomy, and ties together the

innumerable small- and large-scale investments going into ground and space-based telescopes. Furthermore, NANCY

will only improve the science yield of other Roman programs, including its core cosmology program (e.g., by creating

synergies with Rubin, Euclid and DESI) and its time domain program (by establishing an all-sky single epoch baseline).

We thus urge the Roman CCS committee to broaden the scope of the High-Latitude Wide-Area Survey

to include, or expand upon, NANCY.
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