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Figure 1. The timeline of UVEX in relation to other UV missions and the upcoming generation of multi-wavelength, multi-
messenger facilities that UVEX will complement with its coverage of the dynamic UV sky.

view on the dynamic universe. Considering the legacies
of the Hubble Space Telescope (HST ) and the Galaxy
Evolution Explorer (GALEX ), it is clear that UV obser-
vations are also broadly central to astrophysical studies
of comets, planets, stars, galaxies, AGN, compact ob-
jects, as well as dust and gas in the Milky Way and
beyond.

Figure 1 shows a timeline of existing or approved mis-
sions in relation to UVEX and illustrates the key ad-
vances UVEX will make in UV capabilities, as well as
the suite of multi-wavelength and multi-messenger fa-
cilities for which UVEX will provide necessary comple-
mentary UV data. No existing or upcoming mission1

will have the deep, broadband (NUV and FUV) syn-
optic UV imaging, broadband spectroscopy, and rapid
response target of opportunity (ToO) followup capa-
bilities required to address many priority questions in
astrophysics in the coming decades. While HST con-
tinues to provide deep imaging and spectroscopy, it is
over a narrow field of view (FOV) and with typical ToO
turnaround times of two weeks, far too slow to study
the relatively short-lived (few day-long) hot UV emis-
sion from early explosive stages. Further, HST is an
aging observatory whose longevity is uncertain. The
Neil Gehrels Swift Observatory (Swift) UVOT instru-
ment (Gehrels et al. 2004) has rapid turnaround ca-
pability, but covers only the NUV band, with limited
FOV, sensitivity and spectral resolution. The upcoming
Ultraviolet Transient Astronomical Satellite (ULTRA-
SAT , Sagiv et al. 2014) is designed for wide-field NUV
imaging for transient identification, as well as followup
of GW counterparts and other explosive phenomena, but
lacks the depth, FUV coverage, spatial resolution, and
spectroscopy to address many of the goals and objectives
of the galaxy growth and dynamic universe themes.

1
Here we include only missions that are adopted and/or are in

development.

Figure 2. A render of the proposed UVEX telescope.

Figure 3. UVEX will provide deep, two-band UV data to
complement planned deep, wide-field (> 10,000 deg2) optical
and near-IR surveys by Rubin and Euclid .

In this paper we describe the Ultraviolet Explorer
(UVEX), illustrated in Figure 2, a proposed Medium-
Class Explorer (MIDEX) mission that is designed to pro-
vide crucial missing capabilities to address key elements
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Figure 15. The explosion of a red supergiant (RSG) star surrounded by a dense shell of CSM (grey shell in upper right) is a
bright source of FUV (dark purple) and NUV emission (light purple). As the explosion’s shock propagates into the CSM (dashed
lines in upper right), it ionizes material that then recombines, producing a rich UV spectrum (lower panel) that carries direct
information on the unknown chemical composition of this material. At early times the optical emission is significantly fainter
(see r-band) and has less prominent spectral features, as shown in the lower panel (red line). Dashed lines in the upper-left
panel: FUV, NUV and r-band light curves of the same RSG explosion without a thick CSM. Grey vertical arrows: epochs of
acquired UV spectra of SNe, including IUE observations of SN 1987A and the earliest HST spectra of SN 2020fqv. UVEX will
thus explore a completely pristine part of the parameter space and will provide the characterization of stellar explosions of all
types in their earliest, hottest phases. Simulated spectra from Dessart et al. (2017).

for which UVEX will provide the crucial, deep, com-
plementary two-band UV data. Each point on the sky
will be visited a minimum of 10 times during the prime
UVEX mission, with cadences ranging from 12 hrs to
6 months. The LMC/SMC survey will be performed
through observations taken on a weekly cadence, and
the deep extragalactic fields required for validating the
extragalactic dwarf galaxy survey will be cadenced to
provide regular instrument calibrations. The combina-
tion will provide static images and time-domain informa-
tion with enormous legacy value, enabling a broad range
of science limited only by the ingenuity of the commu-
nity. In addition, the spectral images from UVEX ’s long
(1�), o↵set, varying width slit will be taken with every
pointing. These will be archived, a↵ording significant
discovery space in the spectral domain. Finally, unlike
GALEX , UVEX will cover the entire sky in FUV and
NUV since its modern detectors need not avoid bright
objects, providing the first ever deep exploration of the
Milky Way in UV.

Combined, all this data will be a rich legacy for the as-
tronomical community to address many areas of science

beyond our core mission pillars. The following Section
is dedicated to exploring in more depth a selection of
these important scientific questions.

4. A COMMUNITY RESOURCE: ARCHIVAL AND
EXTENDED MISSION SCIENCE

In addition to the primary scientific objectives that
we address with the first two pillars of our baseline mis-
sion (Section 3), UVEX has the capacity to address
many other important areas of investigation requiring
its broad UV capabilities. The extensive data provided
by the legacy all-sky survey and community-driven ToO
follow-up observations, as well as a GO program in an
extended mission, will become the basis for transforma-
tional advancement in a wide variety of astronomical
fields. In this Section, we explore a selection of areas
which will benefit from the data provided by UVEX , in-
cluding stellar astronomy (Section 4.1), galactic archae-
ology in the Milky Way and Magellanic Clouds (Sec-
tion 4.2), galaxy formation (Section 4.3), cosmic ex-
plosions (Section 4.4, active galactic nuclei (AGN; Sec-
tion 4.5), tidal disruption events (TDEs; Section 4.6),
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Figure 34. Simulated multi-epoch early UVEX spectra of the RSG explosions of Figure 33. We assume a representative
distance of 100 Mpc and a UVEX exposure time of 3 hours. Upper panel : RSG explosion without CSM. Lower panel : RSG
explosion embedded in thick CSM created by large pre-explosion mass-loss with rate of 10�3 M� yr�1 and ejected with velocity of
vw = 50 km s�1. The presence of dense CSM in the explosion’s surroundings completely changes the spectroscopic appearances
of the SN (and increases the fraction of flux in the UV, Fig. 33 ). In both cases (with or without CSM), the UV spectrum
undergoes very rapid evolution during the first few days after the explosion, and allows us to constrain the kinematics, chemical
composition and ionization stage of the emitting material. At these epochs the optical emission is significantly fainter. Simulated
spectra taken from Gezari et al. (2008a) and Dessart et al. (2017b).

veil the nature of the companion stars to exploding CO-
WDs. Very early UV spectroscopy thus qualifies as a
direct probe of the immediate explosion’s environment
and progenitor system.

We end this section by directly addressing the ques-
tion: “Why cannot we address this with observations
at other wavelengths?” We will first discuss X-ray and
radio observations of stellar explosions and then address
the use of very fast (i.e. “flash”) spectroscopy of SNe.
Radio and X-rays: Radio and X-ray observations

that map the thermal and non-thermal emission from
the explosion’s shock interaction with the circumstellar
medium (CSM) are directly sensitive to the CSM den-
sity profile and can be used (and have been widely used!
e.g., Kulkarni et al. 1998; Berger et al. 2002; Chevalier
& Fransson 2006; Soderberg et al. 2006b; Corsi et al.
2016; Margutti et al. 2017; Chevalier & Fransson 2017)
to reconstruct the mass-loss history of the progenitor
system before stellar death. The limitations of this ap-
proach are as follows: (i) radio and X-rays provide no
information on the chemical composition of the mate-
rial, which is key to understand the evolutionary stage
of the progenitor at the time of stellar death; (ii) radio
and X-rays do not provide information about the ex-
pansion velocity of the CSM (or any kinematics), which
is another key parameter to reconstruct how the mate-
rial was lost to the surroundings by the star in the last
year of evolution and thus pin down the physical pro-
cess behind the mass ejections; (iii) radio and X-rays
provide no information on the ionization state of matter
around the exploding star, which contain precious in-

formation about the physical properties of the ionizing
source of radiation (i.e. on the break-out/shock interac-
tion radiation); (iv) in the case of a very dense CSM, the
radio emission may be free-free absorbed (for emission
measure & 1029 cm�5) and the X-rays produced by the
shock heated gas may be reprocessed into the UV band
(for column density & 1024 cm�2).
Optical Spectroscopy: In the past few years, optical

“flash spectroscopy” (i.e. very early optical spectroscopy
of transients in the first hrs-days since explosion) has
been established as a new tool of investigation (e.g.,
Gal-Yam et al. 2014; Bruch et al. 2021b). Optical flash
spectroscopy provides information about the chemical
composition and density of the environment around the
exploded star. However, the limitations of this approach
are as follows: For FBOTs, sub-luminous GRBs and
transients powered by shock interaction (with either the
CSM or a companion star) the optical pass band will
miss the peak of the SED of the thermal emission (which
will be in the UV) at early times. As we detail below, at
very high temperatures (T > 20, 000 K), resonant lines
of the relevant highly ionized atomic species are present
in the FUV, compared to the weaker features visible in
the optical spectrum (Figure 33, lower panel; Figure 34).
These UV lines will provide better diagnostics of the ion-
ization state of the CSM and its extent, and hence the
properties of the source of ionizing photons (e.g, Groh
2014; Boian & Groh 2020).

7.2. UV spectroscopic studies of “ordinary” SNe



Why is UV spectroscopy so exciting?

• Atomic physics dictates that many 
strong lines from ions are in the 
FUV


• Early-time SNe (and other 
transients) are hot! T>104 K

4 Kulkarni et al.

Figure 1. The strength (the product of the oscillator strength and the relative cosmic abundance) of resonance lines of elements
(atoms, ions) as a function of rest wavelength. From Tripp (2019).

Figure 2. HST sky background intensity as a function of
wavelength (Figure 6.1 of the STIS Instrument Handbook).
The zodiacal contribution depends on the helio-ecliptic lati-
tude and longitude. What is displayed is a “high” value. The
geo-coronal airglow line intensities are plotted at “average”
intensities and carry the unit of erg cm�2 s�1 arcsec�2.

named Copernicus) undertook high spectral resolution
absorption FUV spectroscopy of the di↵use ISM and laid
the foundation for modern studies of the di↵use ISM. It
may be of interest for the reader to learn that Nancy
Grace Roman oversaw the OAO series.

We next summarize past UV missions which under-
took sky surveys and follow it with the upcoming UV
missions with launch dates in this decade. In order to
qualify for the monicker of “sky survey”, we require a
coverage of no less than 10,000 deg2.

2.1. Sky Surveys: Past Missions

Brosch (1999) provides a comprehensive survey of
past UV missions with a focus on sky surveys. The
first UV sky survey was undertaken by the TD-1A mis-

sion over the period 1972–1974. Arguably TD-1A was
the European Space Agency’s first astronomical mis-
sion.3 The three-axis stabilized spacecraft was placed
in a low-Earth Sun-synchronous orbit. The two main
experiments were S2/68, a spectrophotometric sky sur-
vey telescope (Boksenberg et al. 1973) and S59, the
“Utrecht Orbiting UV Stellar Spectrometer”; de Jager
et al. 1974). S2/68, managed by researchers at Univer-
sity College London, United Kingdom and the Univer-
sity of Liege, Belgium, consisted of an f/3.5 o↵-axis 27.5-
cm paraboloid with a three-channel grating spectrome-
ter covering the range 1350–2550 Å and a one-channel
photometer centered on 2750 Å and a full width at half
maximum (FWHM) of 310 Å (Boksenberg et al. 1973).
This experiment resulted in the first sky survey of the
NUV and FUV sky. The resulting catalog of 31,215
stars4 consisted of absolute fluxes in four passbands
(2740 Å, 2365 Å, 1965 Å and 1565 Å). Great attention
was paid to calibration and the resulting catalog served
as absolute calibration system for NUV and FUV astron-
omy (Humphries et al. 1976). The S59 experiment ob-
tained, over the duration of the mission, low-resolution
spectra of the 200 brightest stars in three NUV bands
(de Jager et al. 1975; van der Hucht et al. 1976).

3 In the sixties, a group of European countries formed two organi-
zations: the European Space Research Organisation (ESRO) and
the European Launcher Development Organisation (ELDO). Eu-
rope, post war, lacked capability in space and therefore used an
American launcher, specifically, the Thor-Delta. Of the trio TD-
1A,B,C missions envisaged by ESRO, only TD-1A was launched.
ESRO and ELDO merged in 1972 to form the modern European
Space Agency (ESA).

4 All un-reddened stars earlier than B and brighter than V ⇡ 10,
the limiting magnitude of the classical Henry Draper optical
spectral catalog; see https://heasarc.gsfc.nasa.gov/W3Browse/
all/td1.html

SDSS composite QSO

Vandenberk et al. 2001

NUV

(1 strong line)

FUV
(lots of lines)

Many more strong lines in the FUV!



SN 1987A: The Earliest UV Supernova Spectrum

Pun et al. 1995
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Fig. 8.—{a)-{h) The combined UV and optical spectra of SN 1987A. Notice that both the horizontal axis (wavelength) and the vertical axis (flux) are logarithmic. The optical spectra are obtained 
from CTIO ( Phillips et al. 1988, 1990; Suntzeff et al. 1991). The optical spectra are corrected for interstellar extinction with the Cardelli et al. ( 1989 ) law with E(B- V)^ = 0.15 and = 3.1. 
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Fig. 8.—{a)-{h) The combined UV and optical spectra of SN 1987A. Notice that both the horizontal axis (wavelength) and the vertical axis (flux) are logarithmic. The optical spectra are obtained 

from CTIO ( Phillips et al. 1988, 1990; Suntzeff et al. 1991). The optical spectra are corrected for interstellar extinction with the Cardelli et al. ( 1989 ) law with E(B- V)^ = 0.15 and = 3.1. 
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Fig. 8.—{a)-{h) The combined UV and optical spectra of SN 1987A. Notice that both the horizontal axis (wavelength) and the vertical axis (flux) are logarithmic. The optical spectra are obtained 
from CTIO ( Phillips et al. 1988, 1990; Suntzeff et al. 1991). The optical spectra are corrected for interstellar extinction with the Cardelli et al. ( 1989 ) law with E(B- V)^ = 0.15 and = 3.1. 
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Fig. 12.—UV light curves of SN 1987A of various wavelength bands 

for the first 15 days after outburst. 

are presented in Figure 14. We notice that the UV deficiencies 
increased with time for all the wavebands. While the UV flux 
level is about 40% above the blackbody radiation at day 1.7, it 
dropped to be only 10% of the blackbody flux around day 5, 
and 1% around day 14. Second, the UV deficiency is more sig- 
nificant in the shorter wavelength band. The SWP+S band is 
more underluminous to a blackbody than the L band by about 
one order of magnitude between day 4 and 14. This is probably 
caused by the enormous line-blanketing effects in the wave- 
length region below 2600 Â with the presence of many strong 
Fe ii lines. 

Figure 12 shows that the UV flux decreases more rapidly at 
shorter wavelength during the early days of observations. This 
can also be seen in Figure 15, where the rates of decrease of the 
IUE flux, - AFx/ Ai ( expressed in unit of magnitude day ~1 ), in 
various wavebands are plotted against time. The earliest UV 
flux decay rates measured at day 2 are 1.93,0.56, and 0.20 mag 
day _1, for the SWP+S, M, and L wavebands, respectively. The 
rates of change of the optical U, B, and F bands photometry 
are also included in the figure. No interstellar extinction cor- 
rection has been applied to the IUE data so that direct compar- 
ison between the rates of flux change in the optical and in the 
UV is possible. From day 3.8 through day 813, the 
UBV{RI)kc photoelectric observations taken at CTIO 
(Hamuy & Suntzeff 1990) are used, while prior to day 3.8, the 
UB VRI photoelectric observations by Shelton ( 1993 ) are used 
to compute the rate of change of flux in t/, 2?, and V. Discrep- 
ancies exist between the two data sets, mostly because of the 

Fig. 13.—Comparing the earliest UV + optical spectrum ofSN 1987A 
at day 1.7 (extinction corrected ) with the blackbody spectrum of tempera- 
ture 11700 K. The BB temperature is obtained by fitting the optical and IR 
colors (Hamuy et al. 1988). The spectrum at day 4.6 and the blackbody 
spectrum of 7500 K is also presented. 

Fig . 14.—Ratios between observed flux and the fitted blackbody spec- 
trum in various UV wavelength bands. 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 

SN 1987A

• The only SN with dense sampling of the UV spectral sequence


• Note how fast the UV (from IUE) fades relative to the optical
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Fig. 8.—{a)-{h) The combined UV and optical spectra of SN 1987A. Notice that both the horizontal axis (wavelength) and the vertical axis (flux) are logarithmic. The optical spectra are obtained 
from CTIO ( Phillips et al. 1988, 1990; Suntzeff et al. 1991). The optical spectra are corrected for interstellar extinction with the Cardelli et al. ( 1989 ) law with E(B- V)^ = 0.15 and = 3.1. 

Pun et al. 1995



SNe IIP
• Explosions of Red Supergiants


• “Plainest” explosions possible


• Most UV spectra have been taken after the 
photosphere has cooled and line blanketing takes over

Baron et al. 2000

SN 1999em 
(t~12 days)

Gal-Yam et al. 2008



SNe Ia
• Copious line-blanketing 

from Fe-group elements 
suppresses the UV flux 

19
93
Ap
J.
..
41
5.
.5
89
K

Kirshner et al. 1993Riess et al. 2004



Early-time Bumps in SNe Ia

• Spectroscopy can disentangle the different models (UV spectra will be very sensitive to line 
blanketing due to Fe abundances)


• The problem is that they are so faint in the first few days!

Ni et al. 2022
Hosseinzadeh et al. 2017



Limits of UVOT

Only rapid-response UV 
option right now is the 
UVOT grism


• Very limited sensitivity


• Data are very difficult 


• Data don’t go very far 
into the UV (no FUV)

Figures from Pan et al. 2018



Limits of UVOT

Only rapid-response UV 
option right now is the 
UVOT grism


• Very limited sensitivity


• Data are very difficult


• Data don’t go very far 
into the UV (no FUV)

Bufano et al. 2009



The State of the Art

SN 2020fqv: Tinyanont et al. 2022



The State of the Art

SN 2020fqv: Tinyanont et al. 2022



The State of the Art

SN 2021yja: Vasylyev et al. 2022



Circumstellar Interaction

• CSM interaction prolongs UV emission from SNe to 
the point that HST can study them…

SN 1998S 
(SN II)

Fransson et al. 2005

SN 1993J 
(SN IIb)



Stripped-envelope SNe

• In the SN IIb 2013df, there 
was an additional UV 
continuum source that did not 
exhibit line blanketing


• Ben-Ami et al. (2015) 
interpreted this as being due 
to CSM interaction 


• Possibly also present in other 
SNe IIb (1993J, 2011dh)

Ben-Ami et al. 2015

SN 2013df 
(+13 days)



SN 2010jl (Fransson et al. 2014)

• Lots of diagnostics of CSM interaction in these lines (density, CNO abundances)

NUV (STIS)FUV (COS)

Note that many of these are narrow and forbiddenLots of resonance lines in the FUV



CNO Abundances

• Multiple ionization stages of CNO elements 
are present in the UV


• Ratios of N III/C III and N IV/C IV 
demonstrate that the CSM was formerly 
inside a massive star!

Solar

Abundances

Nitrogen

Enhanced

SN 1993J
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Figure 33. For most stellar explosions, the very early emission peaks in the UV. The explosion of a red supergiant (RSG)
star surrounded by a dense shell of circumstellar medium (CSM, grey shell in the upper right cartoon) is a bright source of
FUV (dark purple solid line) and NUV emission (light purple solid line). As the explosion’s shock propagates into the CSM
(green, gold and brown dashed lines in the cartoon) it ionizes the material that recombines producing a rich UV spectrum
(lower panel) that carries direct information on the unknown chemical composition of this material. At early times the optical
emission is significantly fainter (see the r-band light-curve in the upper-left panel) and has less prominent spectral features, as
shown in the lower panel (red line). Dashed lines in the upper-left panel: FUV, NUV and r-band light-curves of the same RSG
explosion without a thick CSM. The presence of CSM directly manifests as a more luminous UV display and di↵erent spectrum
(Figure 34). Grey vertical arrows: epochs of acquired UV spectra of SNe, including the International Ultraviolet Explorer
(IUE) observations of SN 1987A which started 1.5 days after the neutrino burst (Pun et al. 1995) and the earliest Hubble Space
Telescope (HST) spectra, which were acquired ⇠ 3.3 days after the estimated time of first light of SN 2020fqv (Tinyanont et al.
2021). UVEX will thus explore a completely pristine part of the parameter space and will provide the characterization of stellar
explosions of all types (from ordinary to rare explosions) in their earliest hottest phases. Simulated spectra from Dessart et al.
(2017b).

ble UV spectral sequence has been acquired because of
the slow response time of HST. The earliest HST UV
spectrum of a SN yet obtained was 3.3 days after explo-
sion (Tinyanont et al. 2021). The Swift/UVOT slitless
grism has rapid-response NUV capability, but has lim-
ited sensitivity and low resolution, with spectra that do
not extend to the feature-rich FUV (Roming et al. 2005;
Bufano et al. 2009). UVEX will uniquely fill this obser-
vational gap. As we detail in the next section, at early
times optical spectra are relatively featureless (see the
UV-optical spectrum displayed in Figure 33), and rapid
optical spectroscopy does not access enough bright emis-
sion lines to constrain parameters (see e.g., Groh 2014,

their Section 4, for the case study of SN 2013cu, a SN
with arguably the best optical flash spectroscopy, and
yet an unconstrained stellar progenitor type because of
the lack of UV spectroscopic coverage).
UVEX , with its ToO capabilities and highly-sensitive

low-resolution spectrometer, is perfectly matched to re-
alize the vision described above. UVEX spectroscopic
observations of stellar explosions will map for the first
time the chemical composition, kinematics and location
of the innermost layers of CSM of normal (§7.2) and ex-
otic (§7.3) stellar explosions, providing information that
would not be otherwise available. In the case of Type
Ia SNe, UVEX observations have the potential to un-

20fqv87A
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Figure 34. Simulated multi-epoch early UVEX spectra of the RSG explosions of Figure 33. We assume a representative
distance of 100 Mpc and a UVEX exposure time of 3 hours. Upper panel : RSG explosion without CSM. Lower panel : RSG
explosion embedded in thick CSM created by large pre-explosion mass-loss with rate of 10�3 M� yr�1 and ejected with velocity of
vw = 50 km s�1. The presence of dense CSM in the explosion’s surroundings completely changes the spectroscopic appearances
of the SN (and increases the fraction of flux in the UV, Fig. 33 ). In both cases (with or without CSM), the UV spectrum
undergoes very rapid evolution during the first few days after the explosion, and allows us to constrain the kinematics, chemical
composition and ionization stage of the emitting material. At these epochs the optical emission is significantly fainter. Simulated
spectra taken from Gezari et al. (2008a) and Dessart et al. (2017b).

veil the nature of the companion stars to exploding CO-
WDs. Very early UV spectroscopy thus qualifies as a
direct probe of the immediate explosion’s environment
and progenitor system.

We end this section by directly addressing the ques-
tion: “Why cannot we address this with observations
at other wavelengths?” We will first discuss X-ray and
radio observations of stellar explosions and then address
the use of very fast (i.e. “flash”) spectroscopy of SNe.
Radio and X-rays: Radio and X-ray observations

that map the thermal and non-thermal emission from
the explosion’s shock interaction with the circumstellar
medium (CSM) are directly sensitive to the CSM den-
sity profile and can be used (and have been widely used!
e.g., Kulkarni et al. 1998; Berger et al. 2002; Chevalier
& Fransson 2006; Soderberg et al. 2006b; Corsi et al.
2016; Margutti et al. 2017; Chevalier & Fransson 2017)
to reconstruct the mass-loss history of the progenitor
system before stellar death. The limitations of this ap-
proach are as follows: (i) radio and X-rays provide no
information on the chemical composition of the mate-
rial, which is key to understand the evolutionary stage
of the progenitor at the time of stellar death; (ii) radio
and X-rays do not provide information about the ex-
pansion velocity of the CSM (or any kinematics), which
is another key parameter to reconstruct how the mate-
rial was lost to the surroundings by the star in the last
year of evolution and thus pin down the physical pro-
cess behind the mass ejections; (iii) radio and X-rays
provide no information on the ionization state of matter
around the exploding star, which contain precious in-

formation about the physical properties of the ionizing
source of radiation (i.e. on the break-out/shock interac-
tion radiation); (iv) in the case of a very dense CSM, the
radio emission may be free-free absorbed (for emission
measure & 1029 cm�5) and the X-rays produced by the
shock heated gas may be reprocessed into the UV band
(for column density & 1024 cm�2).
Optical Spectroscopy: In the past few years, optical

“flash spectroscopy” (i.e. very early optical spectroscopy
of transients in the first hrs-days since explosion) has
been established as a new tool of investigation (e.g.,
Gal-Yam et al. 2014; Bruch et al. 2021b). Optical flash
spectroscopy provides information about the chemical
composition and density of the environment around the
exploded star. However, the limitations of this approach
are as follows: For FBOTs, sub-luminous GRBs and
transients powered by shock interaction (with either the
CSM or a companion star) the optical pass band will
miss the peak of the SED of the thermal emission (which
will be in the UV) at early times. As we detail below, at
very high temperatures (T > 20, 000 K), resonant lines
of the relevant highly ionized atomic species are present
in the FUV, compared to the weaker features visible in
the optical spectrum (Figure 33, lower panel; Figure 34).
These UV lines will provide better diagnostics of the ion-
ization state of the CSM and its extent, and hence the
properties of the source of ionizing photons (e.g, Groh
2014; Boian & Groh 2020).

7.2. UV spectroscopic studies of “ordinary” SNe

Models from L. Dessart



The frontier keeps moving to faster timescales…42 Kulkarni et al.

Figure 35. The luminosity vs. duration of optical tran-
sients highlighting classes of relativistic explosions that are
prime targets for UVEX : Fast and Blue Optical Transients
(“FBOTs”; yellow diamonds ), events powered by relativistic
shock breakout (“Rel. SBO”; red squares), as well as ultra-
stripped SNe, counterparts to GW sources (here exemplified
by GW170817, purple plus sign), the new class of Icn SNe
and Tidal Disruption Events (“TDEs”; purple crosses). We
place these transients in the context of Ia SNe, CC SNe, and
SLSNe from the ZTF Bright Transient Survey. References:
Perley et al. (2019); Fremling et al. (2020); Margutti et al.
(2019); Coppejans et al. (2020); Ho et al. (2020a); Perley
et al. (2021a). Modified from Ho et al. (2021a).

of a neutrino-mediated spherical shock produced follow-
ing core bounce (e.g., Janka 2017). However, since the
late 1990’s it has been realized that some massive stellar
explosions are driven by a distinct mechanism involving
the production of relativistic jets by a central engine:
a rapidly-spinning neutron star or a black hole. The
most extreme examples are long-duration gamma-ray
bursts (GRBs; Piran 2004; Hjorth & Bloom 2012; Cano
et al. 2017): extremely rare explosions involving ultra-
relativistic (Lorentz factor � > 100) jets and almost
exclusively discovered by high-energy satellites. How-
ever, the discovery of “low-luminosity” GRBs (or “X-
ray flashes”; Galama et al. 1998; Kulkarni et al. 1998;
Campana et al. 2006; Soderberg et al. 2006b; Liang et al.
2007), and observations of relativistic explosions with no
associated detected GRB by wide-field surveys at other
wavelengths (Soderberg et al. 2010; Cenko et al. 2013;
Margutti et al. 2014; Milisavljevic et al. 2015; Ho et al.
2020b), suggest that GRBs are only the tip of the ice-
berg of a broader landscape of engine-driven phenomena
spanning a wide variety of engine timescales, beaming
angles, shock velocities, and CSM properties (Lazzati
et al. 2012; Margutti et al. 2014; Milisavljevic et al. 2015;
Gottlieb et al. 2021). This suggest that the role of jets

in end-of-life stellar explosions may be more significant
than was previously appreciated by most of the astro-
nomical community.

Of particular importance to this mission is the popu-
lation of transients sometimes termed “FBOTs” (fast
blue optical transients, Figure 35) and typified by
the intensely-studied event AT 2018cow (Prentice et al.
2018, Perley et al. 2019, Kuin et al. 2019, Margutti et al.
2019, Ho et al. 2019a), discovered in 2018. These events
rise and fade on timescales of just a few days (an order
of magnitude faster than a typical supernova; Ho et al.
2021a), retain very high temperatures long after peak
(Perley et al. 2019, Margutti et al. 2019), and have been
shown in several cases to be accompanied by very lumi-
nous radio and sub-millimeter emission, indicating an
energetic and mildly relativistic shock (v ⇠ 0.1–0.6c) in
a very dense circumstellar medium (Margutti et al. 2019;
Ho et al. 2019a; Coppejans et al. 2020; Ho et al. 2020a,
2021b; Bright et al. 2021). Hydrogen and helium were
detected in the late-time spectra of AT2018cow (Perley
et al. 2019, Margutti et al. 2019), indicating an impor-
tant distinction from the progenitors of GRBs, which
are exclusively accompanied by H/He-poor SNe.

FBOTs are fundamentally a UV phenomena—the
emission before, at, and (in many cases) after maximum
light peaks in the UV (Drout et al. 2014; Pursiainen
et al. 2018). However, so far they have only been dis-
covered via ground-based optical surveys, and the only
constraints from spectroscopy have come from the opti-
cal as well. The result is that even in this era of wide-
field optical surveys, the discovery rate is low (⇠1 per
year), and spectroscopy has been minimally constrain-
ing. Almost all of our knowledge of this class of phenom-
ena originates from AT2018cow itself, and there are few
constraints on how these events are related to FBOTs
and relativistic transients more broadly. The next ten
years are unlikely to change this paradigm, since even
the most powerful new time-domain facilities (e.g., the
Large Survey of Space and Time carried out by the Vera
C. Rubin Observatory) will not be capable of recogniz-
ing similar transients at the critical, short-lived early
phases of their evolution.

A dedicated UV facility would o↵er several advantages
in the study of this event class. FBOTs are more lumi-
nous at these wavelengths, the background is greatly re-
duced, and UV spectral diagnostics (with the extensive
set of strong resonance lines) will be far more powerful at
examining the properties of the outflow and surround-
ing CSM compared to what can be done with optical
observations alone.

By the launch of UVEX , the entire sky will be sur-
veyed in the soft X-ray bands by facilities such as



Fast is hard to do…

• The SN Icn has high-ionization lines in the UV


• The FBOT is pretty featureless…
Kuin et al. 2019

Perley et al. 2022

FBOT

SN 2021csp (Icn)



Superluminous Supernovae

• Slow light 
curves!


• Lots of UV flux!

Yan et al. 2018



Tidal Disruption Events

• Again, FUV has more info than 
NUV (note wavelength scale!)

18 Hung et al.

Figure 11. All TDE spectra have been normalized to rest wavelength 1700Å. Note that the scale on the x-axis has been
compressed for the NUV segment (1800–3000 Å) to allow more detailed examination of the FUV portion of the spectra.

Hung et al. 2020



Future with UVEX
• UVEX will devote ~8% of time to spectroscopic ToOs 

(~70 triggers)


• This is more than HST has been able to do in 30 years


• Rapid response means that spectra will be possible in 
the critical early days after explosion: 


• Abundances (Fe group, CNO)


• Diagnostics of interaction


• Both will diagnose the state of the progenitor star 
at the time of explosion

Ultraviolet Explorer 5

Figure 4. The anticipated distribution of UVEX observing
time during the two-year baseline mission.

by the 100 pixels. A standard 900-s dwell consists of 3 ⇥
300-s imaging exposures, with each exposure read out in
a high dynamic range (HDR) mode to avoid saturation
on bright sources. The use of CMOS devices enables a
shutterless rolling readout and a exposure duty cycle of
99%.

The dichroic beamsplitter enables simultaneous imag-
ing in both the FUV (1390–1900 Å) and NUV (2030–
2700 Å) bands. Bandpass filters (Hennessy et al. 2021)
suppress the out-of-band background associated with zo-
diacal light and geocoronal Ly↵ emission (e.g., Colina
et al. 1996; Leinert et al. 1998; Murthy et al. 2014). The
aperture for the long-slit spectrograph is o↵set from the
imaging field so that light bypasses the dichroic and is
transmitted through a 1� long slit. The width of the
fixed slit varies along its length, with apertures rang-
ing from 200 to 1600. A grating disperses the light, with
resulting spectral resolution ranging from R ⇠ 1600 at
1150 Å to R ⇠ 3500 at 2750 Å (for the portion of the slit
with 200 width).

3. THE UVEX BASELINE SCIENCE PROGRAM

Three scientific ‘pillars’ provide the primary scientific
motivation for UVEX , and define the primary require-
ments for the baseline mission design and observing
program: (I) Exploring the low-mass, low-metallicity
galaxy frontier; (II) Providing new views on the dynamic
universe; and (III) Leaving a broad legacy of modern,
deep synoptic surveys adding to the panchromatic rich-
ness of 21st century astrophysics.

During its two-year baseline mission, UVEX will un-
dertake a deep, synoptic all-sky survey, as well as tar-
geted, cadenced observations of the Large and Small
Magellanic Clouds, spectroscopic followup of selected
samples of stars and low-mass, low-metallicity galaxies,
and ToO followup of GW events, supernovae, and tran-
sient events both discovered by UVEX and triggered
by the community, many of which will be discovered by
other facilities (Figure 4). These observations serve to
fulfill the UVEX top level mission requirements, and
will also provide a rich data set that will be promptly
made available to the community for a wide variety of
investigations.

In the sections below we describe the primary scientific
pillars, as well as examples of the broad range of science
that can be undertaken by the community using archival
observations from the baseline mission. In Section 4 we
describe additional scientific observations that could be
pursued in an extended mission phase through Guest
Observer (GO) observations.

3.1. Pillar 1: The Low-Mass, Low-Metallicity Galaxy
Frontier

Our knowledge of galaxies and galaxy halos is based
largely on studies of those with masses comparable to
or larger than the Milky Way (M ⇠ 5⇥1010

M�). How-
ever, the properties of these galaxies (e.g., Solar metal-
licity, dusty) are not well-matched to the low-mass (M ⇠
105 � 109

M�), low-metallicity (1–50% solar) systems
that dominate the hot, metal-poor early universe, are
thought to power cosmic reionization (6 . z . 20), and
are believed to be the majority of galaxies in the local
universe. Although low-mass, low-metallicity (LMLZ)
systems are central to a broad range of astrophysics,
they are among the least explored galaxy frontier, be-
cause only a small fraction of the large expected LMLZ
galaxy population is known at any redshift and the
birth, evolution, and death of stars at low metallicities
is poorly understood.

A definitive study of local LMLZ galaxies is key to
understanding the processes of galaxy formation, stel-
lar evolution and death, and the formation of compact
objects in metal-poor environments. UV heating and ra-
diation pressure from massive metal-poor stars and the
explosive deaths of metal-poor single and binary stars
regulate star formation in ways that are di↵erent from
the Milky Way (Dessart et al. 2017) and may be re-
sponsible for initial mass function (IMF) variations and
bursty, chaotic star formation in many known LMLZ
systems (Meurer et al. 2009a; Lee et al. 2009, Weisz
et al. 2012). With reduced opacities, low-metallicity
stars can grow to and maintain larger masses and sizes,


