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Constraining “initial conditions” for models

How do mass, metallicity,
binarity and rotation of
massive stars affect the type
of explosion they produce?
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Direct detections have gotten us so far
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Can we constrain the progenitor without seeing it?
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Indirect, more global approach can reveal more
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The first hours Where do they happen? What do they look like?

progenitor properties
from “infant” supernovae

study the metallicity of the
environment

what are there “typical”
characteristics for each class?




Part I: What do the SNe look like?



Are core collapse SN types well defined?
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(hypernovae) (sometimes come with a long GRB)
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Three Ways for Stars to Lose Their H Envelope

Winds
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Are the different core collapse types a continuum?
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Observe “ordinary” core collapse supernovae

The CaItech Core CoIIapse Program (CCCP)

nght curves and spectra for 48 core coIIapse.’-._. =S
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The light curves (when no interaction) are not a continuum
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The light curves (when no interaction) are not a continuum
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Discontinuity in SNe = Discontinuity in Progenitors?

H in spectrum, Plateau in light curve

SNIIL  Hinspectrum, Linear decline in light curve

Q
wn
=
=

SNIlIn  Hinspectrum, Narrow lines in spectrum

SN Ib No H in spectrum

G
G
@ SNIb  Hatearly times, He at late times
G
G

SN Ic No H nor He in spectrum

Q

SN Ic-BL No H nor He in spectrum, high velocities
(hypernovae) (sometimes come with a long GRB)



Discontinuity in SNe = Discontinuity in Progenitors?

SingleRsG @) SNIIP  Hin spectrum, Plateau in light curve

@ SNIIL  Hinspectrum, Linear decline in light curve

SNIlIn  Hinspectrum, Narrow lines in spectrum

SN IIb  H atearly times, He at late times
SN Ib No H in spectrum

SN Ic No H nor He in spectrum

@ SN Ic-BL No H nor He in spectrum, high velocities
(hypernovae) (sometimes come with a long GRB)



Discontinuity in SNe = Discontinuity in Progenitors?

SingleRsG @) SNIIP  Hin spectrum, Plateau in light curve

@ SNIIL  Hinspectrum, Linear decline in light curve

@ SNlin  Hinspectrum, Narrow lines in spectrum

Binary @ . SNIIb  Hatearly times, He at late times
@ SNIb  NoHinspectrum

6 SN Ic No H nor He in spectrum

@ SN Ic-BL No H nor He in spectrum, high velocities
(hypernovae) (sometimes come with a long GRB)



Discontinuity in SNe = Discontinuity in Progenitors?

SingleRsG @) SNIIP  Hin spectrum, Plateau in light curve

@ SNIIL  Hinspectrum, Linear decline in light curve

@ SNlin  Hinspectrum, Narrow lines in spectrum

Binary @ @ SNIIb  Hatearly times, He at late times
Binary? @ @) SNIb  NoHinspectrum

6 SN Ic No H nor He in spectrum

@ SN Ic-BL No H nor He in spectrum, high velocities
(hypernovae) (sometimes come with a long GRB)



Part [l: Where do the SNe happen?



Three ways for stars to lose their H envelope
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PTF — an untargeted, wide field survey

The _Pa_lo.r_r;\ar T:r‘:ansii:e'n_t Factor-y’(PTF):f 2009-2012

- ,.:Search for SNe anywhere in the sky to sample
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Certain SN types prefer certain environments
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SNe llb prefer faint hosts (low metallicity)

[ ] |

Prefers metal-rich
environments

Prefers metal-poor
environments

— All CC Types (454)
— llb (22)

0 I T ‘ I T ‘ I
-24 -22 -20

T | T
-18

-16 -14 -12

Host R-Band Magnitude

(bright ~ metal rich)<—

—> (faint ~ metal poor)



SNe Ib prefer bright hosts (high metallicity)
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Discontinuity in SNe = Discontinuity in Progenitors?
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Metallicity in addition to binarity?
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Hypernovae prefer low metallicity but not too low

‘I [

0.9— ~

0.8— ~

07| Prefers metal-rich No L\gpermovae n |
| environments faintest hosts

0.6 -

0.5— ~

No hypernovae in

brightest hosts Prefers metal-poor

environments |

0.3—
0.2 —
0.1— — All CC Types (454) | —
7 lc-BL (15) i
0 I T I T ‘ I T I T ‘ I T I I | T I I T | T I T T | T T T T
-24 -22 -20 -18 -16 -14 -12

Host R-Band Magnitude
(bright ~ metal rich)<— —> (faint ~ metal poor)



SNe Ic: a slight preference for metal rich hosts?
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Can we probe rotation?
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Part lll: The first hours of a SN



Shock cooling probes radius

100 d
L / shock deposited

Ni

SN1999em - IIP

(red super-giant)
[Leonard et al. 2002]

SN1993J - 1lb

(partially stripped star)
[Richmond et al. 1994]

PTF10vgv - Ic

(fully stripped star)
[Corsietal.2012]



Early SN emission reveals progenitor properties

Shock cooling emission depends on:
* Progenitor radius
* Progenitor surface composition

* Progenitor density profile
* Material around the progenitor
* Explosion physics

Early time data can also probe Ni mixing



iIPTF — High Cadence and Rapid Followup
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Very quick shock cooling for fully stripped star

(SN 1b)
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Variable shock cooling for partially stripped stars

(SNe llb)
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Temperature is another constraint on models
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Temperature is another constraint on models
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Differences in Temp Evolution During First Days
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Latest result: the youngest SN spectrum ever taken
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Spectrum shows outer layers of the star still intact
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Worldwide effort to catch the early emission

Palomar La Palma Weizmann Wise
(SED Machine)




Summary

Can we constrain the properties of pre-explosion massive stars

without seeing them? Yes

Distinct light curve classes hint at single / binary
progenitors

Repeating analysis with 300 SNe from PTF

Host galaxy statistics elucidate the role of metallicity
Complementing with direct metallicity measurements
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Early observations reveal direct progenitor properties

- Infrastructure and techniques in place, first results, more
Ak to come
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