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Absolute Magnitude Distribution 
of Supernovae

Data from LOSS (Li et al. 2011)

ALL Types 
Type II
Type Ibc
Type Ia
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SLSN Spectra
• SLSN-I

• SLSN-II (shifted)

• Type Ia

• Type II
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Pair-Instability SNe

Waldman 2008

• First Proposed it the 1960’s (Rakavy 

et al. 1967; Barkat et al. 1967)

• Massive stars are supported by 

radiation pressure

• At high temperatures, photons are 

created with E > e+e- 

• Losses to pair production soften the 

EOS, and lead to instability

• Expected fate of the first (low 

metal, high mass) stars
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Shell Scenario

• outer shell at 
~1015 cm 
(expanding at a 
few 1000 km/s?)

• energy injected 
from with in
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Interaction Power

Ejecta run into surrounding 
material (progenitor wind, 
shells, etc.)

Smith et al. 2008
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Magnetar Power

2 Kasen & Bildsten

until the remnant is as old as the e!ective di!usion time
td ! (!Mej/vtc)1/2, where ! is the opacity, after which
the entropy is lost. Such thermally powered light-curves
(e.g. Type IIp’s) have a luminosity Lth ! Esnte/t2d. The
large amount of adiabatic expansion that has occurred
by the time t ! td leads to low luminosities.

Now consider the impact of late time (t " te) en-
ergy injection from a young magnetar with radius Rns =
10 km and initial spin "i = 2"/Pi. The magnetar rota-
tional energy is

Ep =
Ins"2

i

2
= 2 # 1050P!2

10 ergs, (1)

where P10 = Pi/10 ms and we set the NS moment of in-
ertia to be Ins = 1045 g cm2. This magnetar loses rota-
tional energy at the rate set by magnetic dipole radiation
(with the angle, #, between rotation and magnetic dipole
fixed at sin2 # = 1/2), injecting most of the energy into
the expanding remnant on the spin-down timescale

tp =
6Insc3

B2R6
ns"

2
i

= 1.3B!2
14 P 2

10 yr, (2)

where B14 = B/1014 G. To input this energy at a time
tp ! td requires a minimum B field of

B > 1.8 # 1014 P10 !!1/4
es M!3/8

5 E1/8
51 G, (3)

where !es = !/0.2 cm2 g!1, M5 = Mej/5 M" and E51 =
Esn/1051 ergs!1. The required fields are in the magnetar
range. This late time entropy injection resets the interior
energy scale to Eint ! Ep and overwhelms the initial
thermal energy when Ep > Esn(te/tp). Thus even low
magnetar energies Ep < Esn play an important role. The
resulting peak luminosity is

Lpeak !
Eptp
t2d

! 5 # 1043B!2
14 !!1

es M!3/2
5 E1/2

51 erg s!1,

(4)
which is primarily a function of the magnetic field. This
shows that Lpeak ! 1043 $ 1045 erg s!1 SNe can be
achieved from magnetars with B14 = 1 $ 10 and initial
spins in the Pi = 2 $ 20 ms range.

3. HYDRODYNAMICAL IMPACT

Our simple estimate ignores the details of how the de-
posited energy is distributed throughout the interior of
the expanding SNe remnant. Since the dissipation mech-
anism for the pulsar wind in this medium is poorly under-
stood, we assume the injected magnetar energy is ther-
malized spherically at the base of the supernova ejecta.
The remnant is assumed to be in homologous expansion
with a shallow power law density structure in the interior

$0(v, t) =

!

3 $ %

4"

"

Mej

v3
t t3

#

v

vt

$!!

, (5)

where vt = (2Esn/Mej)1/2 is the characteristic ejecta ve-
locity, and the density falls o! sharply above vt.

The central overpressure caused by the energy deposi-
tion blows a bubble in the SN remnant, similar to the
dynamics studied in the context of pulsar wind neb-
ulae (e.g., Chevalier 1977; Chevalier & Fransson 1992).
As this bubble expands, it sweeps up ejecta into a thin
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Fig. 1.— Radiation-hydrodynamical calculations of the density
(top) and temperature (bottom) of magnetar energized supernovae,
one month after the explosion. The supernova had Mej = 5 M!

and Esn = 1051 ergs. The magnetar had tp = 105 sec and various
values of Ep, labeled in units of 1051 ergs. The dashed line in
the top panel shows the unperturbed density structure, taken from
Equation (5).

shell near the leading shock, leaving the hot, low den-
sity interior evident in the 1-D radiation hydrodynam-
ical calculations of Figure 1. In multi-dimensional cal-
culations of pulsar wind nebulae, Rayleigh-Taylor insta-
bilities broaden the shell and mix the swept-up material
(Jun 1998; Blondin et al. 2001).

The bubble expansion will freeze out in Lagrangian
coordinates when the leading shock velocity becomes
comparable to the local velocity of the expanding SN
ejecta. The postshock pressure is P = 2&$0v2

s /(1 + &) =
(8/7)$0v2

s for a strong shock, and the pressure of the
energized cavity is P % Ep/3V , where V is the volume,
implying a shock velocity v2

s = 7Ep/32"R3$0. The shock
becomes weak when vs % R/t, which determines the final
velocity coordinate of the dense shell

vsh % vt

!

7

16(3 $ %)

Ep

Esn

"1/(5!!)

, for Ep ! Esn. (6)

The weak dependence on Ep, vsh & E1/4
p , for % = 1,

places vsh near vt. The total mass swept up in the shell
is Msh = Mej(vt/vsh)3!!.

The magnetar does not a!ect the dynamics of the outer
layers of the SN ejecta unless Ep " Esn, in which case the
bubble expands beyond vt and accelerates more rapidly
down the steep outer density gradient. Essentially all of
the ejecta is then swept up into the shell at a final shell
velocity

vsh % vt[1 + Ep/Esn]1/2 for Ep " Esn. (7)

Both estimates for vsh assume no radiative losses.
The presence of a dense shell has consequences for the

supernova spectra. Initially the photospheric velocity,
vph, as measured from the Doppler shift of absorption
line minima, decreases with time as the outer layers of
ejecta become transparent. Once vph has receded to the
shell velocity, however, it will remain constant (Figure 2,
bottom panel). The spectra will then be characterized
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The magnetar does not a!ect the dynamics of the outer
layers of the SN ejecta unless Ep " Esn, in which case the
bubble expands beyond vt and accelerates more rapidly
down the steep outer density gradient. Essentially all of
the ejecta is then swept up into the shell at a final shell
velocity
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Both estimates for vsh assume no radiative losses.
The presence of a dense shell has consequences for the

supernova spectra. Initially the photospheric velocity,
vph, as measured from the Doppler shift of absorption
line minima, decreases with time as the outer layers of
ejecta become transparent. Once vph has receded to the
shell velocity, however, it will remain constant (Figure 2,
bottom panel). The spectra will then be characterized

Kasen & Bildsten 2010; see also Woosley 2010
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What ever they are, SLSNe are 
potential useful probes!

Berger et al. (2012)

SN 2005ap
z=0.238

PS1-11bam
z=1.566
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What ever they are, SLSNe are 
potential useful probes!

CCSNe

SLSNe

Cosmic SFR

Subaru can do this 
now!
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see Masaomi Tanaka et al. (2012)



PTF Spectroscopic Sample 
(all types)

1821

12dam
11rks
11dij

10aagc
10vqv
10uhf

10nmn
10jwd
10cwr
10bjp
09cwl
09cnd
09atu

12epg
12efc
11hzx
11dsf
10yyc
10xee
10tpz
10scc

10qwu
10qaf
10ooe
10heh
10fel
09uy

PTF SLSN
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SNe From ROTSE-IIIb

 TSS/RSVP
 0.45-m ROTSE-IIIb telescope
 1.85 X 1.85 degree FoV
 Began in Fall ‘04
 1-3 day cadence, Mlim ~ 18
 Target selection without (intentional) host bias
 High quality spectra of all transients
 >90 SNe to date including 7-8 LSNe
 Only spectroscopically complete Transient Survey
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pseudo-Absolute Magnitude 
Distributions (pAMDs)
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Type Ia



SLSN Light Curves
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SLSNe pAMDs
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ROTSE-IIIb Survey Efficiency
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(based on ROTSE-IIIb sample)

SLSN-II 
~150 events/Gpc3/yr

(z~0.15)

Compare to CCSN: ~105 events/Gpc3/yr and SNIa: ~3x104 SN/Gpc3/yr

Local SLSN Rates
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All SLSN-like events 
~200 events/Mpc3/yr

(z~0.16)

SLSN-I 
~30 events/Gpc3/yr

(z~0.17)



SED-Machine

Designed for efficient classification of optical 
transients

Imaging Channel
four ~6’x6’ areas

Spectroscopic Channel
IFU (~26”x26”, 0.75” spaxels)

R~100, 3700-9200λ

Fully Funded, glass in hand
Commissioning early Spring 2013

P A L O M A R

Need R~100 for quick & 
effective Classification
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SED-Machine
P A L O M A R

Integral Field Spectra Photometry of Surrounding Field
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