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A supernova symphony unraveled?
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Explore a new parameter space in already known transients
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Multi-messenger Astrophysics
(neutrinos, GW)
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Pre-SN outbursts are commeon amonsg
H-rich progenitors

E.g. Margutti+14, Ofek+14, Smith+15

SN2009ip

Margutti+14
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UV-Optical-NIR Light-curve

Margutti+ 2014 |
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-- Causal connection between the two events
-- “SIMPLE” mechanism
-- Important channel for mass loss




R pre-rebright

Absolute R magnitude

©SN10mece
@ SNO9ip

0 50
Days since maximum

Period [d]

Presence of a dominant time-scale common to
eruption episodes and the major explosion,
shared by completely independent events

—240 days



HST/WFPC2 1000
F6O6W HST/WFPC2
| - F606W

Massive star: M> 60 Msun
Smith et al, 2010; Foley et al., 2011




"It sort of makes you stop and think, doesn’t it.”
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The last years before
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Enhanced and Episodic
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Connecting the structure of the star at
collapse with recent ma.ss-loss history (II)

.Ibc/BL—GRB
Albc/BL
.lbc

®ib

—~
Q.
L
N—
>~
et
(@}
S
()
-
©
-
(0}
()
—
=l
-
n
(O}
-
n
©
=

10° 10* 10> 10° 10" 10° ,
Density at R=10'"® cm (cm™) :MdOt/\/W”’]d
Drout+16, Margutti+18, Terreran+18




Connecting the structure of the star at
collapse with recent ma.ss-loss history (II)

.Ibc/BL—GRB
Albc/BL
.lbc

®ib

—~
Q.
L
N—
>~
et
(@}
S
()
-
©
-
(0}
()
—
=l
-
n
(O}
-
n
©
=

10° 10* 10> 10° 10" 10° ,
Density at R=10'"® cm (cm™) :MdOt/\/W”’]d
Drout+16, Margutti+18, Terreran+18




Connecting the structure of the star at
collapse with recent ma.ss-loss history (II)

Bbc/BL-GRB
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Connecting the structure of the star at
collapse with recent ma.ss-loss history (II)
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Connecting the structure of the star at
collapse with recent mass-loss history (1)

Type IIb SNe
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Connecting the structure of the star at
collapse with recent ma.ss-loss history (I)
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Connecting the structure of the star at
collapse with recent ma.ss-loss history (I)
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NuSTAR (3-80 ke V)
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First hard X-ray image and years-long campaign of a young extragalactic core-collapse SN



L=308 days

YN NuSTAR (3-80 keV)

2015 Aug 29 Exposure: 30225 s
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First hard X-ray image and years-long campaign of a young extragalactic core-collapse SN






H-pOOr H'riCh

Margutti+ 2017, ApJ, 835, 140
Tinyanont et al., 2016
Anderson et al., 2016
Milisavlejvic, RM et al., 2015, ApJ, 815, 120



SN2014C: a normal H-stripped SN

SN2014C
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30 arcsec
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SN2014C: a normal H-stripped SN
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SN2014C: a normal H-stripped SN
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Bolometric Luminosity (erg s!)
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SN2014C: a normal H-stripped SN
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SIN2014C-Optical

SN 2014C
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Development of H-features with time



SIN2014C-Optical
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Development of H-features with time




SIN2014C-Radio
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SIN2014C-Radio
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Radio Luminosity INCREASES w. time!




SN2014C-X-rays (soft+hard)
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SN2014C-X-rays (soft+hard)
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Shock interaction with H-rich shell
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Shock interaction with H-rich shell
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Shock interaction with H-rich shell
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At least 10% of progenitors of normal H-poor SNe
experience outbursts just before core- oollapse
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Update on SN2014C
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Discovery Phase Space of Astronomical
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Energy partitioning
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Gamma-ray to Radio SED of SNOO9ip at peak
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Thanks to: VERITAS, Fermi, Swift, NuSTAR, XMM,
Chandra, HST, ALMA, SMA, VLA, CARMA, GMRT, ATCA,
Keck, MMT, SOAR for supporting our investigation.
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