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ABSTRACT

The Ultraviolet Transient Astronomy Satellite (ULTRASAT) is a space-borne near UV telescope with an un-
precedented large field of view (200 deg2). The mission, led by the Weizmann Institute of Science and the Israel
Space Agency in collaboration with DESY (Helmholtz association, Germany) and NASA (USA), is fully funded
and expected to be launched to a geostationary transfer orbit in Q2/Q3 of 2025. With a grasp 300 times larger
than GALEX, the most sensitive UV satellite to date, ULTRASAT will revolutionize our understanding of the
hot transient universe, as well as of flaring galactic sources. We describe the mission payload, the optical design
and the choice of materials allowing us to achieve a point spread function of ∼ 10 arcsec across the FoV, and
the detector assembly. We detail the mitigation techniques implemented to suppress out-of-band flux and re-
duce stray light, detector properties including measured quantum efficiency of scout (prototype) detectors, and
expected performance (limiting magnitude) for various objects.
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1. INTRODUCTION

ULTRASAT is a scientific satellite carrying a near UV optimized (NUV; 230 − 290 nm) telescope with an ex-
ceptionally wide field of view (FoV) of 200 deg2. It is led by the Weizmann Institute of Science and the Israel
space agency in collaboration with DESY (Helmholtz association, Germany) and NASA (USA), and planned to
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be launched to geostationary transfer orbit (GTO), with operation at geostationary orbit (GEO) commencing at
Q2/Q3 2025. The mission is targeting time-domain astrophysics phenomena, and is the first wide FoV telescope
operating in the NUV band. For hot sources (T∼ 20, 000K) ULTRASAT is comparable in grasp, the amount
of volume of space probed per unit time,1 to that of the Vera C. Rubin observatory,2 the largest ground-based
optical transient survey planned to begin operation in 2024.

ULTRASAT will undertake the first wide-field UV time-domain sky survey. It will explore a new parameter
space in energy (NUV), and time-scale (6 month stares, with a 5-minute continuous cadence). For target of
opportunity triggers (ToOs), ULTRASAT will be able to slew in minutes to > 50% of the sky. Some of the key
scientific questions and phenomena ULTRASAT will target, and in which it is expected to have a significant
impact, are:

• The study of gravitational wave sources: The discovery of electro-magnetic emission following the detection
of gravitational waves (GW) from the mergers of binaries involving neutron stars.3,4 Such detections will
be the key to using these events for addressing fundamental physics questions, such as the origin of the
heaviest elements and the expansion rate of the universe.5 For GW triggers, ULTRASAT’s wide field-
of-view amply covers the angular error regions expected to be provided by GW detectors starting 2025.6

It will provide continuous UV light curves as well as early alerts that will enable ground-based follow-up
spectroscopy and monitoring of optical and infrared emission predicted to arise later.

• Early detection of Supernovae: ULTRASAT will collect early UV light curves of hundreds of core-collapse
supernovae (CC-SNe) to measure the radii and surface composition of their massive progenitors, as well as
to determine explosion parameters.7 Connecting the pre-explosion stars with their diverse explosive output
will chart how the population of massive stars impact their environment through mass loss and explosion,
and will specify initial conditions for explosion models.8–10 Mass loss tracers will further constrain pre-
explosion evolution, allowing comprehensive investigation of the final evolution and explosive death of
massive stars. During its 3 years mission, ULTRASAT is expected to detect > 40 CC-SNe during the
shock breakout phase, and > 500 CC-SNe during the shock cooling phase.

• Determine the high energy flare frequency distribution of stars and guide future exoplanet atmospheric
studies: ULTRASAT will monitor ∼ 106 stars. The long baseline high cadence survey strategy will allow
us to characterize UV flares and determine the low frequency - high energy tail of the flaring distribution
function, specifically from dM stars, attractive exoplanet hosts for atmospheric characterization due to
favorable radii ratio, known to be prodigiously UV flaring stellar objects.11,12 ULTRASAT will measure,
for the first time, the NUV flare frequency and luminosity distribution for stars as functions of both
spectral subclass, and stellar rotation period. This will allow the community to asses which stellar types
are favored as habitable planet hosts and guide future spectroscopic bio-marker searches with, e.g., JWST
and the upcoming ELTs.13,14

• Active galactic nuclei: ULTRASAT is poised to provide novel insights into the central engines of Active
Galactic Nuclei (AGN), which are powered by accreting supermassive black holes (SMBHs), as the emission
from these systems peaks in the UV and is known to vary on essentially all timescales. The study of AGN-
related phenomena with ULTRASAT is expected to be broadly split into two regimes. First, ULTRASAT
will monitor samples of persistent, vigorously accreting SMBHs over unprecedently short timescales, much
shorter than the dynamical timescale in the innermost parts of their accretion disks.15 This will advance our
understanding of persistent accretion disks,16 and may provide new ways to quantify key SMBH properties,
such as mass, growth rate, and even spin.17 Second, ULTRASAT will discover and survey SMBH-related,
UV-bright transient phenomena, marking extreme changes to the accretion flows and allowing us to see
how SMBHs ”turn on” or ”off” on exceedingly short timescales,18,19 and to obtain insights regarding
super-Eddington accretion.20,21

• Tidal Disruption Events: Stars torn apart in tidal disruption events (TDEs) emit luminous ultraviolet
flares.22–24 ULTRASAT will be able to detect hundreds to thousands of events per year (of which ∼ 50 will
be at optical magnitudes brighter than 19 and thus easy to follow up from the ground). These discoveries













The catadioptric design of the OTA, with refractive lenses at the front, raises another challenge due to
Cherenkov radiation resulting from relativistic electrons propagating at velocities faster than the phase velocity
in the substrate. This emission is predominantly in the UV, and will result in lower contrast and visibility in
ULTRASAT images, similar effect to that of pupil ghosts. The baffle was designed to significantly reduce the
electron flux on the corrector, and we find an estimated contribution of 0.1 photons s−1 per pixel, which will
result in noise contribution similar to that of the detector readout noise for integration time of 300 sec, and lower
than the noise expected from zodaical light, see section 3.3.

3.2 Out-of-Band Attenuation

The large ratio between the luminosity at visible band and at the UV band can reach more than 4 orders of
magnitude for e.g., dM stars - the most abundant stellar objects in our local environment. Hence, a significant
blocking capability at longer wavelengths is essential to obtain reliable data in the NUV band, and reduce
background terms. The catadioptric nature of the optical system alleviates this requirement further, as the
system PSF deteriorates significantly for λ > 300 nm. We therefore set a requirement on attenuation of radiation
at λ > 290 nm of < 10−4.

Out of band attenuation in the OTA is achieved in two steps: The use of a black mirror, and the implemen-
tation of a refractive filter in front of the detector. The former is realised by coating the spherical mirror with
a custom coating of HfO and SiO2 of ∼ 30 layers. The dielectric layers are designed such that radiation at the
NUV bandpass is reflected by the mirror, while radiation at λ > 290 nm is transmitted through the mirror and
absorbed by the mirror substrate and in light traps on the mirror back. The mirror achieves mean attenuation
levels of 1.4% for λ > 300 nm, see Figure 7 left panel, and is designed, manufactured and tested by the OTA
prime contractor.

The dielectric filter, located 0.55mm in front of the focal plane array, is designed and manufactured by VIAVI
Solutions. The attenuation is achieved by more than 1000 layers of Al2O3/SiO2 and HfO2/SiO2 coating stacks.31

A significant challenge is obtaining high transmission below ∼ 250 nm. This is achieved by baking the filter at
various stages in the coating process at temperatures of up to 700◦C in order to fill in vacancies and imperfections
at the boundaries within and between layers. Due to the high temperature required during the baking process,
the filter substrate is Sapphire. In addition, the hardness of Sapphire allows us to set the filter thickness to
only 4mm while maintaining the stiffness required to resist stresses from the many layers of the coating. While
Sapphire may have significant birefringence properties, this is mitigated by using Z-cut Sapphire substrate with
the ordinary axis along the direction of the optical axis and placing the filter 0.55mm in front of the detector.
Measured transmission from a prototype Sapphire filter is shown in Figure 7 right panel.

3.3 Stray Light

The low luminosity of UV sources requires us to achieve a suppression level of ∼ 10−11 in the visible band for
out-of-field sources in order to reach our target limiting magnitude of > 22 in the ULTRASAT band. While some
of the suppression is achieved by the filter and mirror coating described in the previous section, a significant
effort must be placed on the design of a custom baffle and vane system to reach the required level of stray
light suppression. The baffle is designed in collaboration with Breault engineering (USA) with emphasis on
suppression of out-of-band light from the Earth, Sun, and Moon. The two main requirements for stray light
suppression are:

• Earth total scattered light flux measured on the detector (both in-band and out of band) should result in
< 44, 320 photons/cm2/s, equivalent to irradiance suppression factor of > 4.5× 1010

• Other sources (Moon, Sun diffracted by the baffle edge, etc.) should result in scattered light flux measured
on the detector of < 10, 000 photons/cm2/s. This should be taken in light of our pointing requirement of
half the celestial sphere available at any given moment.

The derived baffle design is shown in Figure 5. Key features are:





Figure 8: ULTRASAT limiting magnitude. With its unprecedented efficiency, ULTRASAT achieves an average
limiting magnitude of 22.4 across a field of view of > 170 deg2.
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