


SN 1994D (Credit: P. Challis)







SN 1986G in Centaurus A

Credits: Supernova Cosmology Project, LBNL, NERSC




Why Study Supernovae?

Synthesize and distribute
heavy elements (e.g. 2%4Cf)

SN 1604 (Kepler's SN)
Credit: Spitzer, HST, Chandra




Why Study Supernovae?

B Trigger star formation

N Orion Nebula
Credit: HST
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Breakthrough of the Year

Accelerating Universe
Credit: Science Magazine



WWW Supernova Search

APO 2.5m CFHT HST MDM 2.4m FLWO 1.2m, 1.5m, and 1.3m

Lick 3m Dupont 2.5m



CfA Supernova Search

FLWO 1.2m
(optical light curves)

PAIRITEL 1.3m
(infrared light curves)

Tillighast 1.5m
(optical spectra)

Fred Lawrence Whipple Observatory (FLWO), Mount Hopkins, AZ




~3700 SNe since 1006 (560% since 2000)
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~50% discovered
by amateurs

~300+ SNe/year (in
IAU circulars)

>1/3 classifications
by CfA astronomers

~40% non-secure
classification



IJAU Circulars (IAUC,CBET)

Discovery (19 Feb 2007)

Cireular No. 8814

Central Bureau for Astronomical Telegrams
INTERNATIONAL ASTRONONMICAL UNION

Mailstop 18, Smithsonian Astroph I vatory, Cambridge, MA 02138, 1§
TAUSI A <ription
URL » ISSN (0= 10314
use only
11 02 W
ll, Space Telescope Science Institute (STSel): W. M. Grundy,
Lo itory: S, D. Kern, STScl: H. F. Lea st Research
Insti ', Stephens, Brigham Young University, report the de
tecti companion to the transpeptunian object (119979) 2002
Wy s 2003-A25, 2003-V3R), which is in a 1:2 resonance with
Neptune., The observations were made during 2006 Nov. 5.960-5.958 I
ith the High Resolution Camera of the Advanced Camera for Surveys on
I Telesd . using the clear filters with one 300-5 exposur
' letector. The tw omponents W
mla b+ 07008 and differ in brightness
I'h s at a position angl [ 2335
fary ation of the objects in the sky
LIS
SUPERNOVAE 2iNr7aa, 2007ab, 2007ac, 208 1, 2007a

supernovae have been discovered on CCD frames (un
wted below) and reported to the Central Bureau
1) Cassegrain

f Seabrook, TX. USA
I'X): 2007ab by L. . Monar
w T. Puckett and P. Gray (cf. JAUCRR04); and 2007a
Nissinen and Veli-Pekka Hentunen (Varkans. Finland; Meads

G. M

TAUC 8813).;

1 R Alter). Discovery observations
SN 2007 U1 12 [a Jij
N A= 111 (] 14 ). 1 Ge" N
0104 1 12913 } 8 17 15" N
14 1647 0236 () (1% | 17.5 ) N
0.4 1T 24 2458 R I l Vs
92 1 1510 FO1L 546 | X 2 S
Additional information s available the following £l
tronme Tel 2007 ) IL. di
vred ~ | st CBETs 851 and
253 (tvpe OVer W in O 1 .
BETs 85 1d 8oY ¢ past explosion):
207ad in 10% I. discovered within a
vs of ex| n): 2007ae in UGK s 856 and 859 (tvpe-la,
1 just | A

2007 February 27 ©) Copyright 2007 CBAT Damel W, E

Classification (25 Feb 2007)

Electronic Telegram No. 859

Central Bureau for Astronomical Telegrams

INTERNATIONAL ASTRONOMICAL UNION
M.S. 18, Smithsonian Astrophysical Observatory, Cambridge, MA 02138, U.S.A.
IAUSUBS@CFA.HARVARD.EDU or FAX 617-495-7231 (subscriptions)
CBAT@CFA.HARVARD.EDU (science)
URL http://cfa-www.harvard.edu/iau/cbat.html

SUPERNOVAE 2007ac AND 2007ae

S. Blondin, M. Modjaz, R. Kirshner, and P. Challis, Harvard-Smithsonian
Center for Astrophysics, report that a spectrogram (range 350-740 nm) of SN
2007ac (cf. CBET 854), obtained by A. Vaz on Feb. 25.54 UT with the F. L.
Whipple Observatory 1.5-m telescope (+ FAST), shows it to be a type-II
supernova roughly 1-2 weeks past explosion. The spectrum consists of a blue
continuum and P-Cyg lines of the Balmer series, consistent with the plateau
phase of a normal type-II supernova. The spectrum is similar to the
type-II-plateau supernova 1999em at 10 days past explosion. Adopting a
recession velocity of 9056 km/s for the host galaxy (Rines et al. 2002, A.J.
124, 1266), the maximum absorption in the H_beta line (rest 486.1 nm) is
blueshifted by roughly 9500 km/s.

Blondin et al. add that a spectrum (range 350-740 nm) of SN 2007ae (cf.
CBET 856), obtained on Feb. 25.54 by Vaz, shows it to be a type-Ia supernova
around maximum light. Cross-correlation with a library of supernova spectra
indicates that 2007ae is most similar to the type-Ia supernova 199%ee at
maximum light. Adopting a recession velocity of 19303 km/s for the host
galaxy (Berrington et al. 2002, A.J. 123, 2261), the maximum absorption in
the Si II line (rest 635.5 nm) is blueshifted by roughly 11000 km/s.

NOTE: These 'Central Bureau Electronic Telegrams' are sometimes
superseded by text appearing later in the printed IAU Circulars.

(C) Copyright 2007 CBAT

2007 February 25 (CBET 859) Daniel W. E. Green



Future Supernova Surveys

Ground-based (2007-2013):
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Survey Pa I‘I-STﬁH Rs

Space-based (2015+):

ADEPT Destiny






Spectra and Light Curves

Classification based on early-time optical spectra
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A Brief History of Supernova Classification

1941: Rudolph Minkowski defines two supernova types based on
3 clements in optical spectrum:

Type | (no hydrogen) and Type Il (hydrogen)
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A Brief History of Supernova Classification

B 1941: Rudolph Minkowski defines two supernova types based on
728 elements in optical spectrum:

Type | (no hydrogen) and Type Il (hydrogen)

1965: Fritz Zwicky tries to have the last word:

Type Il extended to include Type lll, Type IV, and Type V




A Brief History of Supernova Classification

B 1941: Rudolph Minkowski defines two supernova types based on
<8 clements in optical spectrum:

Type | (no hydrogen) and Type Il (hydrogen)

1965: Fritz Zwicky tries to have the last word:

Type Il extended to include Type lll, Type IV, and Type V
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Relstiye Flux

Credit: Dan Kasen

Present-day Supernova Classification
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...not forgetting about redshift, z: (proxy for distance & time)

4 Universe expands with time 3

A

1 + 7 = observed

emitted



A Type Ia Supernova at z = 0.00
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Observed SN

Complications - Il. Relative Flux

An Observed Supernova Spectrum
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Depending on the phase, supernovae of different types can have similar spectra...

SN 2006bb (Ia) orlgmally classified as Ic

()
I

Scaled f; + constant
[y

SN 2006bb (2006-04-02), z=0.016
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Normalized f, + Constant

Complications — IV. Spectral Evolution
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Type la supernova between
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SN 2001V (Matheson et al. 2007)



la normal, 1991T-like, 1991bg-like, peculiar

Ib normal, peculiar, llb
Ic normal, broad-line, peculiar
| normal (lIP), IIL, lin, llb, peculiar
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Relative flux + constant

Intrinsic variation amongst SN la at a given phase (Blondin & Tonry 2007)
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SN spectral database
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high S/N spectra
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Relative flux + constant
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“It looks as if

Some pallid thing had squashed

its features flat...”

Robert Frost



Normalized correlation amplitude
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Correlation parameters:

r ratio of height of correlation peak
to RMS of antisymmetric component

lap overlap in rest wavelength
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redshift
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An Observed Supernova Spectrum
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(Bromley et al. 1998)

Principle: Highlight differences between spectra using eigenspectra
=> relate eigenspectra to physical properties in the input spectra
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Okay for galaxy spectra...

(Blondin & Bromley)
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. but for supernova spectra?



Neural Networks

 '22: Annie Cannon classifies 225,300 stars (Henry Draper Catalogue
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Bayesian Approach

(Kuznetsova & Connolly 2006)

P(T[m}) =Y P(t,{m})
D PUm Nt T)P(1,.T)
DY PAm e THP(1,,T)
T; supernova type

{m}  measurements (e.g. light curve)
t, model (template) depending on k parameters
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Normalized f, + Constant

Spectral Evolution
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Type la supernova between
-14 to +106 days from maximum
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SN 2001V (Matheson et al. 2007)
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