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HIRES-EELT observations of SLSNe

Berger et al. ( 2012)
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Gal-Yam (Science, 2012)

Super luminous SN peak luminosity

Super luminous SN
(progenitor mass M > 50 M⊙◉☉)
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✔ With medium/high-resolution spectroscopy at E-ELT
✔ SLSNe alternative to QSO-DLAs and GRB-DLAs
✔ GRB-DLAs show different metal content than QSO-DLAs, but fast
✔ SLSNe are rare explosions, but not as difficult as GRBs

SLSNe to explore the cosmic chemical evolution

QSO-DLAs
GRB-DLAs



✔ With medium/high-resolution spectroscopy at E-ELT
✔ SLSNe alternative to QSO-DLAs and GRB-DLAs
✔ GRB-DLAs show different metal content than QSO-DLAs, but fast
✔ SLSNe are rare explosions, but not as difficult as GRBs

SLSNe to explore the cosmic chemical evolution

Swift (funded until 2014)



10
-4

10
-2

10
0

10
2

Time Since Explosion [day]

-20

-25

-30

-35

-40

M
r [

A
B

]

Most Luminous QSO Known

10
-4

10
-2

10
0

10
2

Time Since Explosion [day]

-20

-25

-30

-35

-40

M
r [

A
B

]

S
D

S
S

 Q
S

O

 d
is

tr
ib

u
ti
o

n

GRB 080319B z = 0.937 
(7.5 Gyr ago)

Light curve of brightest GRB 

Visual 
magnitude

m = 5.6

Bloom et al. (2009)



z = 9 
(0.5 Gyr after BB)
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Detectability of super luminous SN
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18 SLSNe z < 1.2 
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Type redshift Rate 
(Gpc−3 yr−1)

SLSN-I 

SLSN-II

Total (I+II) 

High-z SLSN

0.17 32

0.15 151

0.16 199

2 − 4 ∼	 400

Super luminous SN at low/high redshift

Quimby et al. (2013)
Cooke et al. (2012)
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Cooke et al. (2012)

SN 2213-1745
z = 2.0458
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Slow evolution of light curve
Berger et al. (2012)
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The interstellar medium in SLSN hosts

Quimby et al. (2011)

Rest wavelength (Å)

0.1

1.0

10.0

Sc
al

ed
 fl

ux
 (e

rg
 s

1  c
m

2  Å
1 )

2,000 4,000 8,000

SN 2005ap
z=0.283

PTF10cwr
z=0.230

PTF09cnd
z=0.258

PTF09cwl
z=0.349

PTF09atu
z=0.501

SCP 06F6
z=1.189

   

   

      1

10
O II

Mg II
Si III

C II

Si III

Mg II

2,800 2,900



The interstellar medium in SLSN hosts

Berger et al. (2012)
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spectra
z ~ 2.0 − 2.4
log Z/Z⊙◉☉ ~ −0.8
(Christensen+11)

2400                          2600                          2800
Rest wavelength (Å) 

1

0

N
i I

I

Massive galaxies z ~ 1.6
SFR ~ 30 M⊙◉☉ yr−1

M * ~ 2.4×1010 M⊙◉☉
sSFR ~ 1.2 Gyr−1

(Savaglio+04)

Starburst galaxies z ~ 0
SFR ~ 10 M⊙◉☉ yr−1

M * ~ 109 M⊙◉☉
sSFR ~ 10 Gyr−1

(Tremonti+03)

The interstellar medium in SLSN hosts

1

0



Composite of 60 GRB-afterglow 
spectra
z ~ 2.0 − 2.4
log Z/Z⊙◉☉ ~ −0.8
(Christensen+11)

2400                          2600                          2800
Rest wavelength (Å) 

1

0

N
i I

I

The interstellar medium in SLSN hosts

1

0

PS1-bam z = 1.566
SFR ~ 10 M⊙◉☉ yr−1

M * ~ 2×109 M⊙◉☉
sSFR ~ 5 Gyr−1

(Berger+12)



Composite of 60 GRB-afterglow 
spectra
z ~ 2.0 − 2.4
log Z/Z⊙◉☉ ~ −0.8
(Christensen+11)

2400                          2600                          2800
Rest wavelength (Å) 

1

0

N
i I

I

Starburst galaxies z ~ 0
SFR ~ 10 M⊙◉☉ yr−1

M * ~ 109 M⊙◉☉
sSFR ~ 10 Gyr−1

(Tremonti+03)

The interstellar medium in SLSN hosts

1

0



SN2213- 1745 (Cooke et al. 2012) 

Berrier & Cooke (2012)
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Interacting LBGs, site of high-z SLSNe?
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z ~ 3 LBGs

20 kpc

LBG z=2.0458 
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 More common, but not very massive (progenitor M < 100 M⊙◉☉)

JWST JWST



➊	 SLSNe have very massive progenitor (M = 50−250 M⊙◉☉)

➋	 SLSNe rare, but perhaps more common at high z than today

➌	 Most distant supernova discovered to date at z=3.9

➍	 Slow evolution of UV luminosity, many months at high z

➎	 	 Where to look: LBGs in the process of merging ?

Conclusions / Future


