
ABSTRACT

A number of Type I superluminous supernova (SLSN) events have been discovered recently.  However, 

their nature remains debatable. One of the most promising ideas is the shock-interaction mechanism, 

but only simplified semi-analytical models have been applied so far. We simulate light curves 

for several SLSN-I models enshrouded by dense, non-hydrogen  circumstellar (CS) envelopes, 

using a multi-group radiation hydrodynamics code STELLA that predicts not only bolometric, 

but also multicolor light curves. We demonstrate that the bulk of SLSNe-I including those 

with relatively narrow light curves like SN 2010gx or broad ones like PTF09cnd can be explained 

by the interaction of the SN ejecta with CS envelope, though the range of parameters for these models 

is rather wide. 

SLSN-I LIGHT CURVES

Interaction scenario can 

explain both narrow and broad 

light curves of SLSNe-I. So in 

principle, almost all SLSNe-I 

can come from the explosion 

inside hydrogen-poor CSM.

The figure shows a range of 

observed hydrogen-poor 

SLSNe which include slowly-

fading and fast-fading cases 

(color filled dots) and two 

calculated light curves for our 

models N0 and B0.

MODELS

Model Mej/
Msun

Mcsm/
Msun

Rcsm/
Rsun

p(CSM) Ekin(CSM),
foe

Eexpl,
foe

Composition

N0 (narrow) 0.2 10 1e5 1.8 0.04 2 C:O=7:3

B0 (broad) 5 50 1e5 1.8 0 4 C:O=9:1

Typical samples of initial density 
distributions for our numerical modeling. We calculated tens of models and 

chosen models N0 and B0, because 
they show the best fits to SLSNe-I 

SN 2010gx and PTF09cnd, 
respectively. Both N0 and B0 initially 
have the polytropic density structure 
in the ejecta and power law with the 

exponent p=1.8 in the CSM. The 
density falls down monotonically with 

radius for both models, that 
corresponds to the black line in the 
plot. The models differ mostly by 

CSM and ejecta masses. The model 
parameters are shown in the table. 

Overall view

Multi-wavelength modeling

Model N0 and SN 2010gx Models B0 and B6 and PTF09cnd

For model B6, a half of C and O is replaced with He.

SPECTRAL-ENERGY DISTRIBUTION

Code STELLA works with rather wide spectral bins. We use only 100 bins for the range from 
1 A to 50 000 A. So we cannot model all spectral details, but the overall SEDs for models N0 

and B0 fit the observed spectra of SN 2010gx and PTF09cnd surprisingly well.

N0 at day +32
SN 2010gx at day +27

B0 at day -20
PTF09cnd at day -20

WHAT CAN BE THE ORIGIN OF SO MASSIVE CO ENVELOPES?

There can be several possible progenitors for the system we need to reproduce the 
light curves and the spectra of SLSNe-I. Massive CO envelopes can come from:

● the merger (or even multiple mergers) of a CO core from an evolved WR star with 
another hydrogen-deficient star, like a neutron star, a white dwarf, or another WR 
star;

● an intensive mass loss of an evolved very massive rotating star, that is able to burn 
out most of hydrogen, and even a part of helium, during the main sequence evolution;

● multiple ejection of outer layers of the evolved and massive enough star during the 
Pulsational Pair Instability (PPI) stage before the final SN explosion (core collapse).

The combination of two latter cases seems to be the most plausible: A very massive 
star (maybe with fast rotation), in which all hydrogen and a large part of helium is 
burned out or expelled (or lost) during presupernova evolution, still remains massive 
enough to pass through the pulsational pair-instability stage. This scenario can 
explain both chemical composition and high envelope velocities in the interaction 
model for SLSN.

A sequence of explosions during the PPI stage can also explain bumps on the rising 
part of the light curves which is observed for several SLSNe-I.

 

CAN BUMPS ON THE LIGHT CURVE BEFORE THE MAXIMUM CORRESPOND 
TO THE SEQUENCE OF TWO EXPLOSIONS?

If we will be able to fit the initial bump and the fading part of the light curve at once, by 
the same initial model, it will be a good argument in favor of PPI origin of SLSNe-I.

CONCLUSIONS

The interaction of SN ejecta with dense extended carbon-oxygen (plus helium) circumstellar 
envelopes is a good way to explain a large set of SLSNe-I with the minimal energy budget.

An explosion of only 2 — 4 foe is needed to produce enough light. 

The most extremal parameter in the interaction scenario is mass of the (helium-)carbon-
oxygen circumstellar envelope: to explain the most slowly fading SLSNe-I, the envelope 
mass must be larger than 50 Msun.

Evolution of very massive stars with the following PPI stage can lead to required progenitor 
system, but the detailed calculation of the stellar evolution is still required.

Lots of observations of bamps on the SLSN-I light curves before they reach the maximum 
light also can be explained by the PPI scenario with a sequence of several explosions. 
Detailed calculations are also required. The work is in progress.

See details in arXiv:1510.00834; accepted for publication in the ApJ
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