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Sanchez et al. (2007) 1 Å = 10-10 m



Introduction
                   “A spectrum is worth a thousand images” 
• Spectroscopy probably the most important method for learning about 

the physics of astrophysical objects: 
• Densities, temperature, elemental abundances, motions, magnetic 

fields, geometry of the emitting region ... 
• To interpret a spectrum one needs considerable knowledge of atomic 

and molecular physics (available from quantum mechanics and lab. 
studies): 

• The energy levels, intrinsic line strengths and rest wavelengths of the 
transitions for each atom, ion or molecule, ionisation energies etc. 

Sanchez et al. (2007)



E = hν = hc / λ



Spectroscopic observations 
● Determine the flux density as a function of wavelength (spectral energy distribution, 
spectral lines, physical conditions, velocities etc.) 
● Use a mask with a narrow aperture (slit) to cut the 2D image to 1D 
● Use a diffraction grating (or a grism) to disperse the incident light beam into spectrum  
● Spectrographs use an imaging device (CCD) to record the dispersed light 
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Spectroscopic observations 
• Resolving power of a spectrograph R = λ/Δλ 

• Low resolution R = 500, at 650 nm Δλ = 1.3 nm (600 km/s) 
• Medium resolution R = 5000, at 650 nm Δλ = 0.13 nm (60 km/s) 
• High resolution R = 50 000, at 650 nm Δλ = 0.013nm (6 km/s) 
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Spectroscopic observations 
• Resolving power of a spectrograph R = λ/Δλ 

• Low resolution R = 500, at 650 nm Δλ = 1.3 nm (600 km/s) 
• Medium resolution R = 5000, at 650 nm Δλ = 0.13 nm (60 km/s) 
• High resolution R = 50 000, at 650 nm Δλ = 0.013nm (6 km/s) 

• Dispersion of a spectrograph given by the grating equation in nm/mm in the focal 
plane or in nm/pixel for the CCD detector



Spectral lines

• Spectral lines observed in either emission or absorption 
• Allowed transitions the 'strongest' (most probable) transitions 

• Satisfy the electric dipole selection rules 
• e.g. recombination lines of hydrogen (Hα, Ηβ, Ηγ, Hδ etc.) 

• Forbidden transitions 108-12 times 'weaker' than allowed transitions 
• e.g. the forbidden lines [O II], [O III], [N II], [S II] 

E = hν = hc / λ
credit ESO



Astronomical redshift

redshift

Hubble’s law 

v = H0 d 

where H0 ~ 70 km s-1/Mpc 

z = 0.05 corresponds 
to ~214 Mpc ~ 700 Mly
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equivalently, more distant – than expected in 
a flat, matter-dominated universe. This indi-
cated that the rate of expansion of the universe 
was speeding up, and that the substance of the 
universe was dominated by a “dark energy” 
responsible for 70–75% of its energy (Riess et 
al. 1998, Perlmutter et al. 1999). This result 
later won the 2011 Nobel Prize in Physics, and 
has forever changed our understanding of the 
universe.

New sky surveys continue to find supernovae 
at an extraordinary rate, partly motivated by 
trying to understand dark energy and partly 
motivated by an innate curiosity as to how stars 
explode. Cheaper, larger CCDs and the birth 
of large-scale computing have made the task of 
surveying large areas of sky significantly simpler 
and quicker. Even as recently as the turn of the 
last century, supernovae were only discovered 
at the rate of a few tens per year. Modern sur-
veys are enabling events to be located with a 
frequency that is almost an order of magnitude 
larger – 2012 saw more than 2000 spectroscopi-
cally confirmed supernovae announced, and 
2013 is on track to better this (figure 2).

Much of this survey work has been performed 
on dedicated smaller telescopes used with large 
format cameras. Prime examples include:
●  The Palomar Transient Factory (PTF), using 
the Palomar 48-inch Schmidt telescope refur-
bished with a large-format CCD camera
●  Pan-STARRS, using a purpose-built 1.8 m 
telescope
●  The Catalina Real-Time Transient Survey 
(CRTS), using three dedicated telescopes in the 
northern and southern hemispheres. 

Other surveys, such as the La Silla Quest Vari-
ability Survey on the ESO 1 m Schmidt telescope 
on La Silla, and the SkyMapper survey at Siding 
Spring, are also now coming online.

This rapid discovery rate has dramatically 
improved our understanding of supernova phys-
ics, but, as might be expected, has also raised 
more questions to be answered. Here we high-
light recent progress on two fronts: finding new 
ways in which stars can explode, and under-
standing the progenitor stars that make the 
cosmologically important Type Ia supernovae.

An explosion of supernova types
In 1941, Minkowski proposed the first observa-
tional classification of supernova into the now 
familiar Type I (no hydrogen lines in the spectra) 
and Type II (with hydrogen lines) events. This 
basic classification scheme survives today, but 
has acquired ever more complex subdivisions 
(Ia, Ib, Ic, IIb, IIn, Ia-CSM, Iax, etc) to accom-
modate the large variety of supernova types 
now known. This means that the classification 
of supernovae sometimes seems to require the 
attention of a black-belt expert – and even then, 
similar objects can be classified in subtly differ-
ent ways by experienced observers.

Historically, supernovae were believed to origi-
nate in two physically distinct ways. The first 
group results from the thermonuclear destruc-
tion of a carbon–oxygen white dwarf star, as 
it accretes or gains material from a companion 
until carbon burning is ignited at or near its core. 
These are the Type Ia supernovae (SNe Ia), with 
distinctive features of silicon (a product of car-
bon burning) in the spectra. The second group 
forms through the gravitational core-collapse of 
a massive star, more than eight times the mass of 
the Sun, triggered by iron photo-disintegration 
and the consequent loss of support in the star’s 
core. This mechanism is believed to produce 
nearly all the other spectral types.

Once the progenitor star has exploded, there 

must also be some way of generating electro-
magnetic radiation so the supernova can be 
detected. There are three basic contributors to 
the radiation, as presently understood. The first, 
important in nearly all supernova types, is from 
the radioactive decay of unstable elements syn-
thesized in the explosive nucleosynthesis. The 
most important is 56Ni, which then decays into 
56Co and eventually into stable 56Fe. This decay 
generates gamma-rays, which are trapped in the 
ejecta and thermalize it so that it glows. This 
mechanism is the only power source for SNe Ia – 
indeed, without radioactive 56Ni, SNe Ia would 
never be seen. A second source is the release 
of internal energy deposited by the explosion 
via photon diffusion. A final contributor is the 

2: The discovery rate of approximately 14 000 extragalactic supernovae located over the last 
century, complete up to 31 August 2013. This includes all supernovae announced via IAU circulars 
and Astronomer’s Telegrams, as well as those discovered by the Palomar Transient Factory, the 
Supernova Legacy Survey, and Pan-STARRS. Several key dates and observations are highlighted 
in the figures. The top panel shows an overview of the last 130 years, while the bottom panel 
focuses on the last 20 years and the future.
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“The average frequency of occurrence of supernovae 
is about one supernova per extra-galactic nebula 
per six hundred years”, Zwicky (1938)

Sullivan+2013



Rudolph Minkowski (1895-1976)

“Spectroscopic observations indicate at least two 
types of supernovae. Nine objects form an 
extremely homogeneous group provisionally 
called type I” 

Rudolph Minkowski (1941)



Supernova types
No hydrogen Hydrogen lines

 Type I  Type II

Si Si

Ia Ic II-P, II-L, IIb, IIn

He He
Light curve, spectral 
lines

Thermonuclear Core-collapse
White dwarf Wolf Rayet + 

binaries Supergiants
Ib



Supernova types
Early 'photosperic' phase  Late time 'nebular' phase

Pastorello+ 2007
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