The Bluest, the Fastest
and the X-ray Bright:

CCSNe and FBOTs

Raffaella Margutti (UC Berkeley)
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Key Strengths:

9 Extremely fast re-pointing capabilities
Q Multi-wave coverage at the same time

Q Public data, immediately

Unique X-ray and UV time-domain machine
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Q Shock Break Out emission
w From progenitor or innermost medium)

Q Central Source of Energy
(

BH, magnetar spin down) Q Shock interaction w.

extended medium




POST-EXPLOSION
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Chemical enrichment
of the CSM

Q Structure of the star at the time of explosion

Smith ARA&A 2014 . : :
Brethauers 2022 Q Physics of mass loss in evolved massive stars
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Shock interaction with extended CSM

SN2023ixf (Type Il, d~ 7Mpc) —— ENERREan

Jacobson-Galan+23; Hiramatsu+23: Zimmerman+24: Bostroem+24 : Soraisam+23; Jencson+23: Chandra+24
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SN2023ixf (Type Il, d~ 7Mpc)
Absorbed Bremsstrahlung Spectrum
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Coordination with other observatories — Broad-band X-ray spectrum
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SN2023ixf (Type II, d~ 7Mpc)
Swift-XRT light-curve:
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? Fast re-pointing T(t)

Coordination with other observatories — Broad-band X-ray spectrum
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X-ray:This work

Radio:This work

Optical (Zimmerman+ 2024)
Optical (Jacobson-Galan+ 2023)
Soft X-rays (Chandra+ 2024)
UV (Bostroem+ 2024)

IR (Soraisam+ 2023)

IR (Jencson+ 2023)

Optical (Hiramatsu+ 2023)

SNe IIP from literature
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SN2023ixf (UV-optical-NIR)
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LSST on Vera C. Rubin
Type IIP SN2020tIf

240 230

Rest frame Days % nce Flrst nght

—r+3_

— T

Very bright LCO
UV emission

Lulin

ATLAS

Pre-explosion detection of outbursts!
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See also Bruch+2021, +2023: Morozonova+2017, +2018, +2020
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— o — _—

—— -—— - e —— %ﬂ.’ﬁ'

i Shock mtera,ctlon W1th 1nnermost CSIV.[ 1

— L — —_— - —_— ——— ——

Type lIb SN2024iss

Fast decay!

[-—
o
~

)
.
©
-
+
-
>
O
W
b—
o
>

Time since Explosion (days)




o
"y
©
-
-
@

L

00

O

O

Y

Shcok Brea.k Out (SBO)

T e AN

. m
‘_'GS—\—— -_—— - e —e— %—;}E"—j

SN 20080 > SN 2008D

SN 2007uy O

Soderberg+2008



———————— T T —
—_

. Shcck Brea,k Out*(SBO) |

== — =

7 — .  ——, > —
-

o
"y
©
-
-
©

S

00

O

O

Y

100 200 300 400 500
Time since t,,,, = 2008 January 9.5645 UT (s)

> Constraints on the progenitor structure Soderberg+2008
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SN shock breakout CSM interaction
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(See talks by Jonker, O’ Connor, Wu) : Short GRBs
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Wind SBO Observation
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Shock Break Out emission
(From progenitor or innermost medium)

Central Source of Energy
BH, magnetar spin down)

Q Shock interaction w.

extended medium
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B GRBs
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Non-Relativistic
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UV/Optical bolometric

luminosity

kq—.‘—-_

Sample studies: Drout+14(PanSTARSS) Tanaka+16(8ubaru
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| eBaron+

UVM?2 Swift
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Amazing Swift-UVOT data set
[from GO program, Pl Margutti]

See Perley talk!
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Take home message
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"It sort of makes you stop and think, doesn't 1t.”




U V EX See Kasliwal talk!

Pl: Fiona Harrison

GALEX & @ fraction of sky
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The Low-Mass, Low-Metallicity Galaxy
Frontier

UVEX will identify low-mass, low-metallicity galaxies in
the nearby Universe, diagnose the nebular emission of
analogs to high-redshift galaxies, and study hot stars in
the Large and Small Magellanic Clouds, our neighboring
low-metallicity laboratories.

UVEX science pillars

New Views of the Dynamic Universe

UVEX will probe the short-lived UV emission from
merging neutron stars, perform spectral follow-up of the
first hours of core collapse supernovae, and provide a
community resource for target-of-opportunity
observations.

A Legacy of Deep, Synoptic All-Sky
Data

By performing a cadenced all-sky survey 50-100x more
sensitive than GALEX, UVEX will generate a wealth of
photometric and spectroscopic data, opening vast
discovery space for the future, with depth and resolution
matching modern optical and infrared surveys.




What is really new?

SN2022acko l.e. transformative vs. incremental capabillities

‘onfirmation image
Discovery announced

First UBVgri images

APT submitted
Classified as type II Disruptive ToO Observations
First Swift * submitted * scheduled

images

I
N
O

Disrubtive ToO submitted| j e VA
' 1st HST observation

o
oo

n
2nd HST observatio
1
N

l 3rd HST observation

I
o
o)

@@ ® © © © CEDENO0OTLOOIO® © © © O

I
e
N

)
o
-]
=
c
)]
©
>
)
-
=
o
7))
e
<

Apparent Magnitude

:I T
I l 4th HST observation
1 |

Observations scheduled

I
)
O

(WY
O

. Discovery §Amounced

[ The first early far UV
25 1 5.0 75 100 125 150 175  20.0 spectra of a llP SN

Days Since Explosion

I
o
-

Bostroem+23



Explosion of a Red Super Giant
with and without dense circumstellar medium (CSM)
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DISCOVERY
PHASE SPACE

(a) RSG+CSM
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(UC Berkeley center for)

Multi-messenger Research on AstroPhysical Transients and OutReach

................. M L I.t - R APTO R »-

Director: Prof Raffaella Margutti

Four messengers of
Information to study
the fourth dimension:

'Tidal Disruption Events

RN . e lack Hole Mergers
 Stellar Explosions = ole Merg
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