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November 1572, in Cassiopeia: a “nova” – a new star

V~-4

Tycho Brahe:  De nova et nullius aevi memoria prius visa stella (1602)



October 9, 1604, 
in Ophiuchus

Johannes Kepler:  
De Stella nova in pede Serpentarii (1602)

V~-2
2012: > 6000 SN reported 
http://www.cbat.eps.harvard.edu/lists/Supernovae.html



Supernovae – type Ia and all the others

• Type Ia: no hydrogen visible, strong SiII absorption lines
[associated with old stars, well-calibrated light curve, 

explosion of accreting white dwarfs, no remnant]

• Type Ib/c: no hydrogen visible, no SiII 

• Type II: strong hydrogen lines } [young stars, stellar collapse
leave NS or BH remnant]



SN types as a function of host galaxy type

star-forming

passive

... Core-collapse SN are associated with young stellar populations
(massive stars)



Supernovae as standard candles

SNIa are standard candles 

“Phillips relation”

(the fastest declining light curves
correspond to the intrinsically
reddest events)

= fading in 15 days



Cosmological distances

SNIa are standard candles 



Cosmological distances

SNIa are standard candles 

... probing the structure of the entire Universe!

Distant SNIa are too faint!



The “composition” of the Universe



Nobel Prize 2011

"for the discovery of the accelerating expansion of the Universe 
through observations of distant supernovae"



The Hertzsprung-Russell diagram



Evolution beyond the main sequence



The Hertzsprung-Russell diagram



Planetary nebulae



The Hertzsprung-Russell diagram



The Hertzsprung-Russell diagram

~8-10M๏



Supernova remnants

Crab (1054)



The Crab Pulsar

P=33ms!

Crab (1054)



SN 2005gl in NGC 266: Now you see it – now don’t
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November 1572, in Cassiopeia: a “nova” – a new star

V~-4

Tycho Brahe:  De nova et nullius aevi memoria prius visa stella (1602)



SN1572, seen in 2011 with WISE



Tycho Brahe’s 1572 SN: a ghost in the shell

1.4±0.2” in 22 days
Krause et al. 2008, Nature 456, 617

Krause et al. (2008, Nature 456, 617)



Light echos

At time t, the observer 
will see reflected or 
scattered light from the 
parabola N

M

zz

O



Tycho Brahe’s 1572 SN: a (type Ia) ghost in the shell

1.4±0.2” in 22 days



The equation of state: degeneracy

In normal stars: (ideal gas)

i=ions, e=electrons

Heisenberg uncertainty principle:

Classical physics: 

Fermi Energy: degeneracy:

P independent of the temperature!



Equation of state

radiation

degenerate objects:

• white dwarfs
• neutron stars

[K
]

• neutron stars
• brown dwarfs
• Jupiter



White dwarfs: electron-degenerate stars

He, CO, or ONe core

no nuclear energy production

Solving the stellar structure equations: 
i.e. the radius shrinks with increasing mass!!

it exists a maximum mass, 



The Chandrasekhar mass limit

white dwarfs: Chandrasekhar 1935
more massive stars are smaller!

1983: Nobel prize in Physics

...for his theoretical studies of 
the physical processes of 
importance to the structure 
and evolution of the starsand evolution of the stars

If a white dwarf grows in 
mass, and exceeds the 

Chandrasekhar limit, it will 
ignite CO burning, and 
explode  in a type Ia 

supernova



SNIa: the last seconds of an accreting white dwarf

• approaching the Chandrasehkar limit, WD rapidly shrinks

• ion gas (C/O) is not degenerate, hence heats up (P=NkT)

P independent of the temperature!

Radius shrinks as mass increases

• ion gas (C/O) is not degenerate, hence heats up (P=NkT)

• C/O burning starts in the core, producing heavier elements up to the 
iron group

• nuclear flame propagates outwards: 
subsonic (deflagration) or supersonic (detonation)? Not well known

• no remnant is left behind

• a large mass of 56Ni is produced during explosion powers the luminosity
of the SNIa via radioactive decay 



Thermonuclear fall-out of a SNIa

Example: 
peak luminosity for



SNIa observations & models





CO-cores

He-cores

ONe-cores,
mergers

Mass loss: ~0.8-8Mʘ stars become ~0.6-1.4Mʘ WDs

Liebert et al. (2005, ApJS 156, 47)



CO-cores

He-cores

ONe-cores,
mergers

So ... How do we reach 1.4M๏ !?!?!

Liebert et al. (2005, ApJS 156, 47)



... easy, we know 100s of cataclysmic variables ...



... but ... CVs undergo classical nova eruptions ... 



CK Vul = Nova Vulpeculae 1670

Hevelius, Philosophical Transactions, Vol. 5, (1670), pp. 2087-2091



Classical novae: explosive hydrogen shell burning

CO/ONeMg

H

• accretion builds up an envelope of hydrogen

• T & P at the base of the envelope increase

• Eventually, conditions for hydrogen fusion are met

• If the base of the envelope is degenerate, 

• Eventually,              degeneracy is lifted, and the nova shell expands

• Enrichment in Ne is observed in some nova, suggests dredge-up from
the white dwarf core ... Eroding the white dwarf mass!!



So when does the white dwarf grow in mass …?



It all depends on the WD mass and accretion rate 



Steady nuclear shell burning

(supersoft X-ray sources)



SN Ia progenitors

Iben & Tutukov



SN Ia progenitors

• Single-degenerate (SD) models:

A white dwarf accretes from a non-degenerate companion, this 
could be a main-sequence star (supersoft X-ray sources and 
recurrent novae), or a red (sub)giant (symbiotic binaries).

Main problem: SNIa are by definition hydrogen-free, but the explosion
of the white dwarf should strip off visibile anounts of hydrogen from
the companion.the companion.

• Double-degenerate (DD) models:

Two white dwarfs in a close binary eventually merge.

Main problem: theoretical models of the merger suggest that the
two white dwarfs are more likely to collapse into a neutron star,  
than to explode.



spectral
type ~ G0-G2

(2004, Nature 431, 1069)

SD:1 DD:0



Chandra pre-explosion

V-band pre-explosion

V-band SN

(2008 Nature 451, 802)
SD:2 DD:0



(2010, Nature 463, 924)

SD:2 DD:1



(2011, Nature 480, 348)

M101

SD:2 DD:2



SD:3 DD:2



(2012, Science 337, 942)

SD:4 DD:2



(2012, Nature 481, 164)

SD:4 DD:3



... now towards heresy ...

CV white dwarf 

Single
white dwarf 

masses

Feline et al. (2004), 
Littlefair et al. (2006, 2007, 2008)
Savoury et al. (2011)

CV white dwarf 
masses

Liebert et al. (2005)



<Mwd> = 0.83 ± 0.23 M๏

<Mwd> = 0.67 ± 0.21 M๏

CVs versus pre-CVs and PCEBs

<Mwd> = 0.67 ± 0.21 M๏

<Mwd> = 0.58 ± 0.20 M๏

⇒⇒⇒⇒ the white dwarfs in 
CVs can grow in mass !?



We need more data: a large, 122-orbit HST program!

... One tiny problem: CVs can brighten by ~4-8 magnitudes, and
destroy the detectors of the COS spectrograph ...

... Hence intense monitoring of the HST targets required!!

SDSS1642+1347
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Oct 12, UT01-06



The endThe end


