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• UV is prime a prime wavelength to discover young transients
• Early UV emission can probe unique physics. 

Why (broadly) the ultraviolet?
Stellar explosions often start hot and then rapidly cool

Hammer+ (2010)
Kasen (2010)

Early Emission from:
• Envelope cooling
• Collision with a 

companion star
• Mixing of 

radioactive 
material

• … etc.



• UV is prime a prime wavelength to discover young transients
• Early (and late!) UV emission can probe unique physics. 

Why (broadly) the ultraviolet?
Stellar explosions often start hot and then rapidly cool

Late-time emission:
• Interaction with 

ambient material.
• Additional power 

from a compact 
object (accretion, 
PWN)



What is the current landscape?
Probing Early UV Emission of explosive transients requires 
wide-field monitoring and/or rapid-response capabilities 

GALEX Time Domain Survey
40 deg2, ~2 day cadence, 
24 total epochs
(Gezari et al. 2013,2015a,b)

Swift-UVOT ToOs
Hundreds of SN light curves 

of date in response to 
external triggers



What is the current landscape?
Probing Early UV Emission of explosive transients requires 
wide-field monitoring and/or rapid-response capabilities 

UltraSAT
200 deg^2

8.3” FWHM
22.4 mag (900s)

UVEX
10 deg^2

2.5” FWHM
24.5 mag (900s)

CASTOR
0.25 deg^2

0.15” FWHM
27.2 mag (900s)
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What are the progenitors to core-collapse supernova? 
What is their final structure and final behavior while 

evolving towards core-collapse?

UVEX: A Time Domain Discovery Machine
Core Collapse Supernovae: Science Themes
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Eldridge, et al. (2013)

Supernova studies 
have found 

progenitors we did 
not expect, a lack of 

progenitors that were 
anticipated, and 

pointed to classes of 
stars that we have 

yet to observationally 
identify. 
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clear that many 
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dynamic lives during 
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Exhibit A: Type IIn
Supernovae  

[Nathan Smith 2016, Supernova Handbook]
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Exhibit B: enhanced 
mass loss in “normal 

supernovae”

Gal-Yam et al. 2014.
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Exhibit B: enhanced 
mass loss in “normal 

supernovae”
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Exhibit B: enhanced 
mass loss in “normal 

supernovae”

Yaron et al. 2017.
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Exhibit C: This is not 
limited to hydrogen-

rich supernovae

6 M. R. Drout et al.

Fig. 6.— Top: Example decomposition of the u-band light curve
into two components. This should be taken as representative only
as we do not constrain the rising behavior of the second compo-
nent. Dashed vertical lines represent our first three epochs of spec-
troscopy, which occur on the early rising portion of the first light
curve component. Bottom: Comparison of the u-band light curve
of SN 2013ge to other stripped core-collapse SN. Grey shaded bands
highlight the peak time for the two components of SN 2013ge. A
majority of events peak on a timescale similar to the second com-
ponent observed in SN 2013ge. The light curve of SN 2009jf shows
a plateau that may be indicative of an early component similar to
that observed in SN 2013ge. References: SN 2005bf (Folatelli et al.
2006), SN 2004aw (Taubenberger et al. 2006), SN2009jf (Richmond
et al. 1996), SN2007gr (Hunter et al. 2009), SN2008ax (Pastorello
et al. 2008), SN 2008D (Soderberg et al. 2008), iPTF13bvn (Frem-
ling et al. 2014; Cao et al. 2013).

3.2. Early UV Light Curves

In contrast, the u− and w1− light curves observed
for SN2013ge show a distinctly non-standard evolution.
They display an early “bump” which is characterized by a
rapid rise and decline over the first week of observations,
before plateauing and then falling off rapidly again. In
the top panel of Figure 6 we demonstrate that the u-band
light curve can be decomposed into two components. A
main component which peaks ∼11 days after discovery
superimposed with an early peak of emission which rises
rapidly over ∼4 days and declines rapidly after ∼ 1 week.
This particular decomposition is for illustrative purposes
only, as we do not constrain the rising behavior of the
second component. Three vertical dashed lines mark
the time of our first three epochs of spectroscopy, which

Fig. 7.— U−B (left) and B−V color evolution of SN2013ge in
comparison to other Type Ib/c SN. Shaded grey regions indicate
the timeframe of the first light curve component. During the falling
portion of the first light curve component (−8 to −5 days) the U−B
color reddens drastically. The B−V evolution of SN 2013ge is very
similar to other Type Ib/c SN.

probe the early rising portion of the first component.
Although well sampled u-band light curves between

−14 and−7 days relative to maximum light are still quite
rare for Type I SN, no previous object has shown two dis-
tinct components with these timescales. This is demon-
strated in the lower panel of Figure 6 where we compile
u-band light curves from the literature. A majority of
events peak ∼4 days prior to V-band maximum and then
decline rapidly, consistent with our inferred time of maxi-
mum and subsequent evolution for the second component
in SN 2013ge.
Prior to this maximum, the evolution of the literature

events are varied. Both SN2008D and SN2005bf also
show double peaked u-band light curves, but show sig-
nificant timescale variations in comparison to the first
component in SN2013ge. The first peak in the light
curve of SN2008D is attributed to shock breakout cool-
ing envelope emission, and rises on a timescale of ! 1
day. In contrast, the first peak in the light curve of pe-
culiar Type Ib SN2005bf has a rise time significantly
larger. Intriguingly, the u-band light curve of the Type
Ib SN 2009jf shows a plateau which could be consistent
with two components similar to those in SN2013ge if the
relative luminosity of the second component were higher,
while the Type Ib iPTF13bvn shows no signs of two com-
ponents.

3.3. Color Evolution and SEDs

In Figure 7 we plot the U − B and B − V colors of
SN2013ge and several other Type Ib/c SN. The grey
shaded region highlights the time of the u-band excess
described above. During this time period the u-b color is
relatively flat for 3 days and then rapidly reddens from
∼0.4 mag to ∼0.9 mag over 4 days, before continuing
to redden at a slower rate. The B − V evolution of
SN2013ge is similar to other Type Ib/c SN.
In Figure 8 we plot the spectral energy distribution of

SN2013ge for epochs on the rising phase of the initial
u-band peak (including our first three epochs of spec-
troscopy). The first spectroscopic observations are char-

Drout et al. (2016); Asfari et al 2021
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

How common is this?

Current estimates 
range from 30-70%
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Morozova, Piro, & Valenti 2018
see also Kazov et al. 2016, Hozzeinzadeh et al. 2018
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Why does this 
matter?

Can impact pre-
explosion structure 
of the star and spin 

rate of the core
Fuller et al. 
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At this point, it is 
clear that many 

massive stars lead 
dynamic lives during 

their final years.

Why does this 
matter?

Can impact pre-
explosion structure 
of the star and spin 

rate of the core

T. Sukhbold et al.
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Progenitior Radius 
Constraints from 

shock cooling 
emission.

Figure: Piro, Cenko, Dorado team
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Progenitior Radius 
Constraints from 

shock cooling 
emission.

Fraction of SN with 
enhanced pre-SN 

mass loss

Figure: T. Moriya
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Progenitior Radius 
Constraints from 

shock cooling 
emission.

Fraction of SN with 
enhanced pre-SN 

mass loss

Figure: Drout, CASTOR team
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What  is the nature of the binary system? What is the 
explosion mechanism

UVEX: A Time Domain Discovery Machine
Thermonuclear Supernovae: Science Themes
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Kasen (2010) Collision with a companion
Polin+ (2019) Surface Radioactive decay 
due to a helium shell detonation
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Hosseinzadeh et al (2017)
Type Ia with a blue bump

Ni, Moon, Drout et al+ (2022) Type Ia with 
early excess emission and reddening due to 
surface Nickel.
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Stritzinger et al. 2018 Burke et a. (2022)
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What is the origin of various classes of “peculiar” 
transients discovered in modern time domain surveys?  

UVEX: A Time Domain Discovery Machine
Peculiar Transients: Science Themes
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AT2018cow

Overall, their rates 
are not low 

(Drout+2014, 
Pursiainen+2018), 

but certain sub-
populations are

(Ho+2021)



UVEX: A Time Domain Discovery Machine
Peculiar Transients: Science Themes

AT2018cow Many have: 

hot temperatures 
and colors that peak 

in the UV at 
maximum

Timescales and 
luminosities 

inconsistent with 
being powered by 
radioactive decay
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AT2018cow Some some:
Evidence for central 

engine activity 
and/or circumstellar 

interaction

Theories include:
Failed supernova, 

mergers, tidal 
disruption events, …

Margutii+2018
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Chen, Drout, Piro et al. 2023b
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the rising phase
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late-time time power 
source.

Chen, Drout, Piro et al. 2023b



UVEX: A Time Domain Discovery Machine
Multiwavelength Coordination will be critical
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