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SUPERNOVAE
Cappellaro 
& Turatto 
2001

Thermonuclear

Core collapse

SN Impostor : looks like 
SNe IIn, but the link to a 
definitive SN event  is 
questionable. 

• A supernova (Zwicky 1931) is a 
stellar explosion that briefly 
outshines an entire galaxy 
(109−1010 L ).⊙

SNe II
Anderson et al. 14, Sanders et al. 15
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SUPERNOVAE ARE NOT STANDARD 
CANDLES 
BUT STANDARDISABLE !!
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THEORITICAL MODELS



Improvement in precision 
since 1998 !!

740 SNe Ia Betoule et 
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Improvement in precision 
since 1998 !!

740 SNe Ia Betoule et 
al. 2014

60 SNe Ia 
Perlmutter 
et al. 1998

RMS~ 0.1 mag 
(5 % in distances)

Flat universe
Ω

M
=0.295 ± 0.034 (stats+sys)

Flat 
Ω

M
=0.28 ± 

0.15

SNIa cosmology has reached a mature state in 
which systematic uncertainties are now 
comparable to statistical uncertainties !!!

New independent methods are needed!!!!

PROBLEM!!!



  

Why SNe II ?

●Their rate is expected to peak at higher redshifts 
than SNe Ia (Cappellaro et al. 15)

●They are more abundant than the SNe Ia (Li et al. 11)

●Their progenitors and environments (only late-type 
galaxies) are better understood than those of SNe~Ia

RSG (Smartt 09) → weak evolutionary trend.



  

Are Type II standard candles ?

Anderson et al. 2014



  

SNe II are standardisable!!! (SCM)

Cosmology with SNe II: Two variables correlated to the intrinsic luminosity

Expansion velocities of the ejecta: 
More luminous SN have faster ejecta

Hamuy & Pinto  2002

Colour: Due to host galaxy extinction. 
brigther SN are bluer (similar to SNe Ia)

μ=m−M+α log (
vFe

5000 )−βC

BLUER REDDER

FAINTER

BRIGHTER

Sullivan 2010

SNe Ia



  

Hubble diagram :

Poznanski et al. 2009

Olivares et al. 2010

RMS~ 0.25-0.3 mag (10-12 % in 
distances)

SNe II are standardisable!!! (SCM)

Hamuy & Pinto 02
Nugent et al. 06
Poznanski et al. 09
D'Andrea et al. 10
Olivares et al. 10
Rodríguez et al. 14
de Jaeger et al. 15b
de Jaeger et al. 17



  

Kasen & Woosley 2009

Luminosity-velocity relation
observations match Theory !! 

*RMS~ 0.27 mag (13 % in distances)
*More luminous → H recombination front at a larger radius → 
velocity greater (homologous expansion)



  

Data (CSP)

• Data from CSP1 (Hamuy et al 06) :

Dupont telescope

Swope telescope

2004 → 2009  
( 0.01<z<0.05) 

Optical filters : u'Bg'Vr'i' 
(Anderson el al. 14)+spectrum
NIR filters : YJHK

61 SNeII in total



  

Light curves (CSP)

• Very good sampling !! :



  

Spectra (CSP)

• Very good spectra sequence too !! :



  

Data (SDSS-II)

• Sloan Digital Sky Survey-II (Frieman et al. 08):

2.5-m  telescope at Apache Point Observatory
New Mexico

2005 → 2007  
( 0.027<z<0.143) 

Optical filters : u'g'r'i'

16 SNeII in total with :
 Explosion date
Spectra
Photometry 

Optical spectroscopy



  

Data (SDSS-II)

• Sloan Digital Sky Survey-II :
d'Andrea et al. 2010

Hβ (4861 AA)



  

Data (SNLS)

• SuperNova Legacy Survey (Astier et al. 06):

3.6-m Canada Hawai France Telescope
at Mauna Kea observatory.

2004 → 2007  
( 0.07<z<~0.5) 

Optical filters : g'r'i',z'

28 SNeII in total with :
 Explosion date
Spectra (17 SNe)
Photometry 

Optical spectroscopy



  

Data (SNLS)

• SuperNova Legacy Survey :
Hβ (4861 AA)



  

Bayesian Inferences

• Bayesian inferences procedure with likelihood 
function  (d'Andrea et al. 10)

• σint  intrinsic scatter not accounted by errors 
measurements

• Prior function : α, β,  M ≠ 0 and Ωm <1.0  
• MCMC performed to explore posterior probability 

using EMCEE package (Foreman-Mackey et al. 2013)  
1000 walkers moving in parallel (Goodman-Weare algorithm)



  

SCM

• The  observed magnitude can be modelled as

• The velocity are measured using Hβ  λ4861 line

Spectra  with low  S/N →   FeII features  are often  buried  in  the  
noise,  making  them  inappropriate  for  velocity measurement

H
β
  λ4861 Nugent et al. 02



  

SCM

• The  observed magnitude can be modelled as

• The velocity are fitted using a power-law (Hamuy 01)

V (t )=A∗tγ



  

SCM
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SCM

●Fixed cosmology : (Ω
m
,Ω

Λ
)=(0.3,0.7)



  

SCM

Assuming flat 
Universe 
Ω

m
+Ω

Λ
=1 and 

Ω
m

 as a free 

parameter

α=3.19−0.40
+0.41

β=0.97−0.25
+0.27

σ=0.29−0.03
+0.03

M=−0.86−0.05
+0.05

Ωm=0.40−0.26
+0.31



  

BUT If we did not have 
spectroscopic information?

Can we come up with a method 
solely based on photometry?



  

PCM



  

PCM

Mon dessin ne représentait pas un chapeau. Il représentait une 
courbe de lumière de supernova de type II.



  

PCM



  

PCM

PCM  : Standardisation using two variables

slope of the plateau (s
2
): 

more luminous higher s
2

Colour: Host galaxy 
extinction. Brighter 
are bluer

Anderson et al. 2014

• The  observed magnitude can be modelled as

Where :



  

PCM

●Fixed cosmology : (Ω
m
,Ω

Λ
)=(0.3,0.7)



  

PCM

Assuming flat 
Universe 
Ω

m
+Ω

Λ
=1 and 

Ω
m

 as a free 

parameter

α=0.36−0.06
+0.06

β=0.71−0.28
+0.29

σ=0.36−0.03
+0.04

M=−0.88−0.06
+0.06

Ωm=0.32−0.21
+0.29



  

PCM vs SCM

59 SNe II in common
PCM SCM

redshift ~0.5 ~0.2

N
SNeII

73 61

σ
int

0.35
(mag)

0.27
(mag)



  

Conclusions

• Precision of Type Ia supernovae: 0.15 mag (7% 
in distance)

• Precision of SCM : 0.25 mag (12% in distance)

• Precision of PCM: 0.35 mag (16% in distance)



  

Next steps

• Expand the sample to high-z supernovae

• Dark Energy Survey (DES) supernovae

• Subaru Hyper suprime camera

• Gemini + Magellan + KECK spectroscopic 
followup



  

SN 2016fvh

• Subaru/HSC discovery 

SN II @ z=0.34 !!!!



  Ready to move beyond low redshift and 
attempt high-z SN II cosmology

SN 2016fvh



  

Thanks
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