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Lightcurves and Spectra
LCS: Broader are brighter

GO 1991T
Rk E—£1 1990N
" S > 1981B

S 3 A4 1992A
1986G
1991bg

V-band

(3]

20 -10 0 10 20 30 40 50
Time (days wrt maximum light)

Log(F,) [in arbitrary units]

Spectral Sequence:
Brighter are hotter

| | | | |
6000 8000 4000 6000 8000

Wavelength (Angstroms)

Peter Nugent KITP Conference 2



~

A\
r ffrrr\rrl ||||
IRKIL!

The Extremes
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Brighter SNe Ia are
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SN Ia Energetics

Where does a SN get its velocity from?
Three sources and sinks of Energy in a SN Ia are

balanced by the following equation,
Kinetic Energy = Nuclear Energy - Binding Energy
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SN Ia Energetics

Some interesting results from this:

For Vi >0thenE_ _>E,. .

E.., ~ 0.5 foe (foe = 105! ergs) for a WD with M = M
Thus, E_ . > 0.5 foe to have an explosion

E_ .. =155 foe/Mg of >**Ni and 1.18 foe /Mg, for Si-group

So we need to make at least 0.3 Mg of °°Ni, or some
combination of Ni and IME material, to get an explosion.
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SN Ia Energetics

Subluminous SNe Ia:

SN 1991bg has My = -17.25 and a rise time of only 12 days
(stretch = 0.6 for this class of SN Ia). This implies that it
made ~0.07 M of >°N.

How much of the rest of the star was burned?

Just to have it reach a positive velocity we need an
additional 0.4 foe from the Si-group. This means > 0.3 M
of IME material was made.

Since the velocities seen in these SNe are ~20% less than
the average SN Ia, it is likely that around 1.0 Mg, is
burned.
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Biases in Searches Low-z

ALL searches are biased in one way or another. This is fine so
long as you fully understand what they are...

Pointed searches/Catalog-based: KAIT, amateurs, etc.
= Problems - will not cover low-luminosity hosts
= Advantages (KAIT) - go very deep, catch them early and

will find faint SNe in bright hosts

Pointless Searches: SN Factory

= Problems - Faint SNe on bright hosts are not
detected / followed-up

= Advantages - Sample the low-luminosity hosts quite well,
much more similar to high-z sample
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Biases in Searches High-z

Past searches: SCP, HZSST
= Flying by the seat of our pants. Most SN found at detection
limit, incorporated cuts like % increase over the host
= Never bother with impossible spectra - faint targets on

bright hosts
= Not rolling
Present searches (0.1 < z < 1.0): SDSS, Essence, SNLS
= Spectroscopically tend not to target low-%increase targets
= Though can use color to extract nature of SN after-the-fact
= Rolling
Present searches (z > 1.0): HST
= GOODS’s search uses color info to select targets
= Cluster search - pointed
= Coarsely rolling
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Nearby SNLS & KeCk Hi-z
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In general the high-z supernovae are much harder to take
spectra of due to both their faintness and the fact that the

separation from their host galaxy is comparable to the seeing.
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Host Galaxy Studies

Sullivan et al. (2003)

&
Spirals

Over 30 SNe Ia host galaxies at high-z observed with HST/STIS
photometry and with spectroscopy taken at Keck.
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SNLS Host-Stretch

T el The SNLS data in

ob M Sullivan et al. (2006)

B il was broken down by

i host properties.
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SN 91bg’s & 91T’s

Branch, Fisher & Nugent (1993): 91bg=3 & 91T=1
Li et al. (2000): 91bg=6 & 91T=11

As of last night in the IAUC’s: 91bg= 53 & 91T= 41
Of Note:

NGC 2841 had 2 confirmed 91bg-like SNe and 2 other SN L.

NGC 1275 had a confirmed 91bg-like SN and another SN 1.

All SN 91T-like objects (not 99aa-like) that I have had access to
the spectroscopy or are unequivocal in the telegrams as to
their nature (no Ca II H&K) also mention the presence of large
amounts of extinction or a conspicuous Na I D line at the
redshift of the host galaxy. Certainly there must be some
without but I have yet to see them....
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Remember that
E/S0’s are
overrepresented

in the RC3
catalog by an

order of
magnitude.

SER -> SNe Ia
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There are very
few hosts that
produce both

types.
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Time i1s a factor

Simple view but
very likely.

time 10 Gyr
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Progenitor Differences?

O Early Type Hosts
O Late Type Hosts

circle size proportional to dv/dt
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Two separate
progenitor
paths

revealed???

The old and
young
populations
also show a
different
relationship
between KE
and Ni...




Conspiracy

If there is more than one progenitor system (say something
following the A+B model) then you must explain the relative
populations of subluminous, overluminous and normal SNe Ia
and their evolution accordingly.

If there is one basic progenitor system then how does age tie
itself directly to **Ni production?
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Homework

Theorists:
= Come up with a mechanism that nicely ties age to °Ni
(perhaps as Ken Nomoto suggested)
= How low /high can we go? 0.01 < M; < 1.38? And why does
it seem that no matter what most of the rest of the star always
gets burned.
= Rule-in or rule-out progenitor systems based on the rates
and whether or not they would likely be able to follow the age-
luminosity effect.

Observers:
= Work hard to determine the rates of subtypes of SNe Ia as a

function of z. Photometrically id everything in the rolling
searches and get their host redshifts.
= Work hard to determine the rates at z >>1
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