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SN: a very bright transient (luminosity > 108 Lsun) 
of stellar origin  (mass < 2x102 Msun)
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SN types



SN types: basics

max 10 months

Ia

Ib

II

      Textbook scenarios            

3 - 8 MSUN    Thermonuclear explosion 
of a C-O WD in a close binary system 

30 - 60 MSUN    Core-collapse of a 
massive star after strong mass loss  

8 - 30 MSUN   Core-collapse of a 
massive star after low/moderate 
mass loss  
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SN II core collapse
1987A: the closer SN in 400yr

Neutrino detection probes core 
collapse 

Progenitor identification 
20 M⊙

5 M⊙ H envelope, 6 M⊙ He core, 
1.5 M⊙ Fe core, 0.07 M⊙ Ni56

radius 3x1012 cm
blue [not red] supergiants

where is the neutron star ?
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SN Ia and Dark Energy
Conley et al. 2011 ApJS 192,1
Sullivan et al. 2011 ApJ 737, 102 

Ωm=0.269±0.015
ω= -1.068±0.080

Flat
Universe
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SN 2009dc, Super-Chandrasekhar Mass? 7

SN 2009dc
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Figure 3. MV as a function of �m15(B) for 92 SNe Ia with
zcmb > 0.01 from the LOSS photometry archive (filled circles,
Ganeshalingam et al. 2010b), compared with SN 2009dc (filled
star). Host-galaxy extinction is derived using MLCS2k2.v006 (Jha
et al. 2007) except in the case of SN 2009dc where we conserva-
tively adopt E(B � V )host = 0.1+0.2

�0.1 mag based on measure-
ments of Na I D absorption and RV = 3.1. The luminosity dis-
tance was calculated using the ⇥CDM concordant cosmology with
H0 = 70 km s�1Mpc�1, ⇤m = 0.27, and ⇤� = 0.73 (Spergel
et al. 2007). The best-fit line to the data, excluding SN 2009dc,
in the range 0.6 < �m15(B) < 1.7 mag is plotted as a dashed
line, with points that fall within 1� shaded in grey. SN 2009dc is
clearly an outlier that does not follow the luminosity-width rela-
tion even in the improbable absence of host-galaxy extinction.

100 days in B, 1.91 ± 0.02 mag per 100 days in V , 2.78 ±
0.03 mag per 100 days in R, and 2.87±0.04 mag per 100 days
in I. Leibundgut (2000) find typical decay rates for SNe Ia of
1.4 mag per 100 days in B, 2.8 mag per 100 days in V , and
4.2 mag per 100 days in I. SN 2009dc shows significantly
slower decline rates in V and I.

We obtained late-time images of SN 2009dc with the 1-
m Nickel telescope in BVRI and the Keck I 10-m telescope
in gVRI. Data taken with the Nickel ⇤250 days past maxi-
mum show only marginal detections in B and V and upper
limits on R and I while our Keck images, 281 days past
maximum, give clear detections in gVRI. Figure 4 shows
the late-time behaviour of SN 2009dc in comparison to late-
time photometry of SN 2003du, a typical SN Ia, taken from
Stanishev et al. (2007), and the linear decay rates found us-
ing data ⇤50–150 days after maximum. A constant has been
added to each SN 2003du light curve in order to match the
peak magnitude of SN 2009dc. Compared to the extrapola-
tions based on the measured linear decay rates, SN 2009dc
is fainter by ⇤ 0.5 mag in B and V , brighter by ⇤0.5 mag in
R, and ⇤1.5 mag brighter in I. In comparison to SN 2003du,
SN 2009dc is within ⇤0.15 mag of the interpolated values
in BV R and ⇤0.5 mag brighter in I. We caution that our
interpolated values for SN 2003du su�er from a rather large
gap in the light curve between 225 days and 366 days af-

Figure 4. The late-time decay of SN 2009dc at 50–250 days past
maximum light compared to that of SN 2003du (solid line), a
typical SN Ia. The light curves are shifted such that t = 0 days
corresponds to the time of Bmax, and a constant has been added
to each SN 2003du light curve to match the peak magnitude of
SN 2009dc. The Keck g-band point is plotted in the B-band light
curve panel. Upper limits are marked with arrows. We fit the de-
cay in BVRI, plotted as a dashed line, using a linear least-squares
fit to our well-sampled data between 50–150 d before the SN set
behind the Sun. Late-time photometry obtained with the Keck
and Nickel telescopes indicates that the flux in B and V is below
what is expected from linear extrapolations, but mostly agrees
with expectations from SN 2003du. However, the flux in R and I
is larger than what is expected compared to the extrapolations.
Our R-band detection falls on the comparison light curve, while
the I-band detection is brighter than what is expected. The data
for SN 2003du were taken from Stanishev et al. (2007).

ter maximum. While the late-time behaviour of SN 2009dc
does not match the linear decay of SN 2003du exactly in
all bands, its presence indicates that it has not undergone
an unexpected drop in luminosity, and it is consistent with
the late-time light curve being powered by 56Co decay (see
§4.2).

3.2 Colour Evolution

The colour evolution in B � V , V �R, and R� I for
SN 2009dc in comparison to SNe 2006gz, 2005cf, 1991T,
and 2005hk is displayed in Figure 5. All SNe have been
corrected for MW extinction using reddening derived from
the dust maps of Schlegel et al. (1998). We have also cor-
rected for host-galaxy extinction, assuming RV = 3.1, using
the following reported values of E(B � V )host: 0.13 mag for
SN 1991T (Lira et al. 1998), 0.10 mag for SN 2005cf (Wang
et al. 2009), 0.09 mag for SN 2005hk (Phillips et al. 2007),
0.18 mag for SN 2006gz (Hicken et al. 2007), and 0.10 mag
for SN 2009dc.

The colour curves indicate that SN 2009dc was a partic-
ularly blue SN Ia even compared to the prototypical over-

c⇥ 2010 RAS, MNRAS 000, 1–29

Silverman el al. 2011 MNRAS 410, 585

Single degenerate or 
double degenerate ?

 sub-chandra  and/or 
super-chandra ?



SN Ib/c and GRBs

1998bw

Galama et al. 1998 Nat. 395, 670
Pian et al. 1999 A&A 138, 463
Patat et al. 2001 ApJ 555, 900

Long  GRBs are linked to highly energetic SN Ic

25/04/1998 BeppoSAX and Batse detected a GRB  
26/04/1998 SN1998bw in the 8 arcmin error-box 

Not all Ib/c make relativistic ejecta, hence GRBs
Not all long GRBs show a related SN
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Body Level One
Body Level Two
Body Level Three

initial mass function
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Heger et al. 2003 ApJ 591, 288

do not neglect binary evolution 

•  ....  three-quarters of all O stars will have a strong 
binary interaction, mass transfer, common envelope 

evolution or merger during their evolution.... 
•  …. one quarter of all O stars are expected to merge 

with their companion.

Langer 2012 ARA&A 50, 107

The fate of massive stars
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Smith et al. 2014 ARA&A 52, 587

conversion of kinetic energy in radiation   
•  can power very luminous transients 
•  with different geometrical configurations give diverse 
displays 
•  masks the actual explosion mechanism (eg. Ia -> IIn)
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Progenitor masses
Smart 2015 PASA 31,16 

from a dozen II events 
(+ upper limits)

 8-9<M<16-20 M⊙
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 Maund et al. 2015 MNRAS 447, 3207  

Whatever happened to the 
progenitors of supernovae   
2008cn, 2009kr and 2009md?

Probably wrong/misleading 
progenitor identification



Giant outburst of LBV     
Smith et al 2009 ApJ 697, L49

Electron capture in a 6-8 M☉   
Botticella et al. 2009 MNRAS 398, 1041

Ultra-faint SN or bright outburst
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Adams et al. 2015 arXiv151107393



Superluminous SNe (SLSN)

Gal-Yam 2012

pair instability
Gal-Yam et al. 2009 Nat 462, 624

magnetar rotational 
energy  

Dessart et al 2012 MNRAS 426, 76

core collapse then 
shell collision 

Benetti et al 2014  MNRAS  441, 298 
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Gal-Yam 2012 Sci 337, 927
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SN Impostors
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Pastorello et al. 2013 ApJ 767,1
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  Frazer et al. 2015 MNRAS 453, 3886 

SN Impostors explode for real
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Pastorello et al. 2013 ApJ 767,1



The fate of very massive stars 
the case of Eta Carinae
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A binary system 
1. LBV M0~ 150-250 M⊙ (30 M⊙ mass loss) 
2. hot supergiant 30-80 M⊙

HST treasury program



summary
• Most massive stars end as core collapse SNe

>90% >8-10 Msun IIP-IIL-IIb-Ib-Ic

• type IIn include type Ia, impostors, e- capture…. 
and also standard Fe core collapse  

• SLSN may be powered by magnetar or CSM/ejecta 
shock. Progenitors are massive (>50 Msun)

NS as compact remnant

• failed SNe (dark collapses) (40-100 Msun)
• pair instability SNe  (>140 Msun)

… not found yet

• Not all bright transients are “super-novae”
.. kilo-novae, tidal disruption
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SN rates



Local SN rate   
<100 Mpc

Cappellaro et al 1999 A&A 351, 459
Mannucci et al 2005 A&A 433, 807

Li et al 2011 MNRAS 412, 1463

726 SNe   136 SNe     
CCDPhotographic/visual
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SN rate in the Galaxy

the Galaxy
type Sb/c  

LB =2.0-4.3x1010Lsun

SN /century
Ia    0.5 ± 0.1
CC  2.3 ± 0.5
all    2.8 ± 0.6

Li et al. 2011
SN/100yr/1010Lsun

SFR 
dispersion

~ 30%

Ia   0.3-0.9
CC 0.8-3.5
all   1.1-4.4

viable range
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Ia    CC
0.17  0.70

other uncertainties

galaxy type
Ia    CC

0.18  0.49Sb

James 2008 A&A 482, 507



SN rate in the Galaxy

historical SNe              5.7± 1.7            Strom  1994 
                                     4.6 ± 2.5           Adams et al. 2013

1.7± 0.9 per century,  CC  1.4 ± 0.7     Cappellaro et al. 1997
            2.8 ± 0.6                        CC   2.3 ± 0.5    Li et. al. 2011

neutrino detector      CC <11.4            Agafonova et al 2015

 Al26 mass                 CC 1.9 ± 1.1       Diehl et al 2006 

pulsar birthrate         CC 1.4 ± 0.2       Lorimer et al. 2006
+ other NS                   CC 5.7-10.8         Keane & Kramer 2008 

The youngest known SN remnants in the galaxy  
Reynolds et al 2008

•detected in X-ray and radio  
•near the galactic center  
•AV>30 mag 
•15% expansion in 20 years    
•dynamical age 100-200 yr 

G1.9+03
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From star formation to SN

'(m) = IMF

Kcc =

RmUcc

mLcc
'(m)dm

RmU

mL
m'(m)dm

8-10 < MCC< 40-100 Mo

SFR CC SN 
rateIMF

SFH Ia SN 
rateIMF DTD%

ṅIa(t) = kIa

� t

t=0
DTD(td)�(t� td)dtd

DTD
delay time distribution

3< MIa< 8 MokIa realisation fraction 3-10%{
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rcc = Kcc ⇥ SFR



1
3

10%

IMF
Salpeter
Kroupa

Top Heavy
Starburst

SF = 1000 M⊙

CC
7
12
16
39

SNR / SFR / IMF

mL    10 -> 8 M⨀   +40%
mU  40 ->100 M⨀ +10%

0.3Ia

10-40 M⨀

derived from Dwek 



τ=0.3 Gyr

1 Gyr
3 Gyr

CC

Ia

SN Ia rate and progenitor scenarios
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Madau et al 1998 MNRAS 297, L17

Cappellaro et al. 2015 A&A 584, 62



Delay time distribution

SN Ia rate and progenitor scenarios
Star formation history
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Cappellaro et al. 2015 A&A 584, 62

Greggio 2005, 2010



CC SN rate with redshift

8<Msun<40
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10<Msun<40



The Cosmic Core-collapse Supernova Rate Does 
Not Match the Massive-star Formation Rate

Horiuchi etal 2011 (ApJ 738,154)

We identify a "supernova rate 
problem”:  the measured cosmic core-
collapse supernova rate is a factor of 
~2 smaller … than that predicted from 
the measured cosmic massive-star 
formation rate. 

… likely many supernovae are missed 
because they are either optically dim 
(low-luminosity) or dark, whether 
intrinsically or due to obscuration 

no extinction corr.extinction corrected
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assuming SFR from Hopkins and Beacom 2006
progenitor mass range   8-40 Msun 



HAWK-I Infrared SN search in 
a sample of starburst galaxies

2010bt NGC7130   IIn K=15.9

2011ee  NGC7674  Ic  K=18.6 

SN2009 IC4687/6  II:   K=18.9

SN2011 IC1623A II:  K=18.2                              

2010gp  NGC6240 Ia  K=17.6

2010hp MCG-02-01-051  II  
K=16.9

Miluzio et al. 2013 A&A 554, 127

Obscured SNe

K-band   VLT+HAWK-I  
30 galaxies  6-10 visits  3 semesters

60% of SN in Starburst galaxies remain hidden in 
the nuclear regions due to a combination of high 

extinction and reduced detection efficiency 

Mattila et al. 2012 ApJ 756,111
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Search for failed supernovae

Gerke et al. 2015 MNRAS 450, 3289

none yet confirmed
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CC SN rate with redshift
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8<Msun<40



CC SN rate with redshift

10<Msun<40
+ LIRG
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8-10<M<30-80 Msun

~2

~2

Star 
formation 

rate

SN rate
progenitor 

mass 
range 

Enrico Cappellaro  GSSI - L’Aquila - 2016 Apr 27



SN searches
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name telescope FoV
deg2 cadence sky 

coverage 
deg/night

ASAS-SN 14cm 20 1d 20000

CTRS 0.5,0.68,1.5
m

9-1 600s-5d 2200

GAIA 1.5x0.5m scanning 
mode 30d all sky in 

5 yr

iPTF Palomar 
48inch 

Schmidt 

7.8 5 d
90s - 1d 1000

OGLE-IV Warsaw 
1.3m 12 1-10d 300

PAN-
STARRS PS1 1.8m 3 0.2-20d 1000

DES Blanco 4m 2.2 8d 30

OtherAmateurDESiPTF
OGLE

ASAS-SN

CRTS

GAIA PanStarrs

Optical transient searches
1/1/2015-23/4/2016

SN candidates

2015: ~ 3500 SN candidates
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OtherAmateurDESiPTF
OGLE

ASAS-SN

CRTS

GAIA PanStarrs

Other

Amateur

DES

iPTF OGLE

ASAS-SN

CRTS
GAIA

PanStarrs

1/1/2015-23/4/2016

Optical transient searches

~20% of posted transients are classified

Panstarrs  <5%
ASAS-SN  >70%



First light at  Palomar Observatory in 2017.. By scanning more than 3750 square degrees an hour 
to a depth of 20.5-21 mag, ZTF will discover a young supernova less than 24 hours after its 
explosion each night

survey operation: 2022

limit   r ~ 24
10.000 deg2  per night

alerts per night 10.000.000
real time alert latency 60 sec

8.4m telescope 
FoV 9.6 deg2
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• ESO NTT 3.5m + EFOSC2 + SOFI
• 90n per year : 10n/month 
• 5 yrs (2012-2017)

Asiago 1.8m + AFOSC

The bottle neck is transient classification 

 since  2012 our collaboration 
classified 40% of  all SNe
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The NOT Unbiased Transient Survey (NUTS) collaboration 

Spectroscopic classification of three supernovae with the Nordic Optical Telescope

S. Mattila (Turku), N. Elias-Rosa (INAF-Padova), P. Lundqvist (Stockholm), M. Stritzinger (Aarhus U), H.  
Kuncarayakti (MAS, DAS), …….

FIRST ATEL TODAY



SOXS @ NTT
PI Sergio Campana

•  two beams spectrograph  
•  wide spectral coverage (0.35-1.75 μm)  
•  good spectral resolution (R~4,500)  
•  to be installed at the ESO- NTT at La 
Silla (Chile)

A possible optical layout of the Common Path 

 

Dichroic 

IR arm 

UV-VIS arm  

UV-VIS Folding mirror 

IR  Folding mirror 

Triplet 

Triplet 

ADC 

Doublet 

Jun   2014    ESO call for new instruments at NTT (06/2014) 
Feb   2015    Proposal submission (02/2015) 
May 2015    SOXS selected by ESO (out of  19 proposal) 

cost:  ~5 M€ 
goal:  60% funding from INAF 
                                                                               Instrument in operation: 2020  
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