
Observational Signatures of sub-Chandrasekhar mass Type Ias
Abigail Polin1,2, Peter Nugent1,2, and Daniel Kasen1,2

1University of California, Berkeley, 2Lawrence Berkeley National Laboratory

Overview
Carbon-oxygen WDs accreting a helium shell have the potential to explode in the sub-Chandrasekhar 
mass regime through the double detonation scenario, when a helium shell ignition propagates a shock 

wave into the the core of the WD causing a central ignition. We present the results of a recent numerical 
parameter survey of hydrodynamic and radiative transport models of sub-Chandrasekhar mass white 

dwarf explosions. The observational predictions can be operated into two categories based on the size of 
the Helium shell. The thin shell models look like typical (sub-luminous) Type Ia supernovae, while the 

thicker helium shells look peculiar with only one event (SN2018byg) detected to date.
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The Double Detonation Scenario

MethodsAre sub-Chandras hiding in our Ias? SN2018byg: The first Massive Helium-shell Double 
Detonation on a Sub-Chandrasekhar Mass White Dwarf 

We model the explosion in several stages. First, the initial model is built by starting with a bare, isothermal 
WD progenitor. Next, a helium shell of some mass is added iteratively to the outermost layers of the WD, 
modeling the accretion of this mass slowly from a companion. During each step of this process the new 
progenitor is evolved to hydrostatic equilibrium to determine a stable central density of the WD. After the 
shell reaches a desired mass and equilibrium is achieved, burning is initiated within the helium layer. 
We use the compressible Eulerian hydrodynamics code Castro (Almgren et al. 2010) to follow the 
progression of the explosion from ignition through homologous expansion. Castro allows for adaptive 
mesh refinement (AMR) which enables the selective increase of resolution in areas of interest 
in the simulation; specifically, in areas where nuclear burning is active.
Once the ejecta reached homology we perform radiative transport calculations with 
Sedona (Kasen et al. 2006) to produce synthetic light curves and spectra for each 
model.

Sub-Chandrasehkar mass WDs with thin Helium shells likely evolve from a degenerate 
helium WD binary companion and exhibit light curves and spectral features similar to normal 

SNe Ia. We show an inherent correlation between mass, brightness and velocity of the 
spectral features exhibited by these models. Noting this, and comparing to a recent set of 

well-observed SNe Ia, we see further evidence for at least two distinct populations of SNe Ia 
either having Chandrasekhar-like masses or sub-Chandrasekhar masses. 

Sub-Chandrasehkar mass WDs with thick Helium shells likely evolve from a non-degenerate 
helium star companion and exhibit exotic observable signatures not seen in typical Ia SNe. 

The radioactive material burned in the helium shell created distinct observational 
consequences, including an excess in flux in the SNe light curves during the first few days 

after explosion, and significant blanketing in the UV and the blue portion of the optical spectra 
near peak. To date only one of these events has been detected, SN2018byg, which closely 

matched the predicted features in Polin et al. 2019.
During burning the thick shells produce a large 
amount of heavy, radioactive elements having 
Z ≥ 22 in the outermost ejecta, resulting in a 
significant excess in the first few days after 
explosion due to additional radioactive heating. 
The result is a bi-modal light curve with the first 
peak, a few days after explosion, powered 
primarily by radioactive material in the 
outermost ejecta, followed by a more standard 
56Ni powered rise typical of SNe Ia light curves.

In the thin shell limit the ignition of the helium 
shell does not produce enough radioactive 
material to exhibit an early time flux excess in 
the light curves and the early rise looks like 
those typical of SNe Ia. However, the presence 
of the shell ashes still can block the escaping 
photons for a brief duration causing a short, 
early, red, feature in the g-r colors. 

The spectra at g-band peak exhibit significant 
line blanketing at low wavelengths due to the 
ashes of the burnt helium shell. Models with 
0.08 M⊙ helium on WDs less than 0.8 M⊙ are 
completely line blanketed for wavelengths less 
than 5200 Å. This feature, predicted by Polin et 
al. 2018 has now been seen in one detected 
example of a thick helium shell sub-
Chandrasekhar mass explosion.

The thin shell models exhibit many of the 
characteristics expected from observed type Ia 
SNe. The models show the characteristic 
change in the ratio of the Si II lines. The 5800 Å 
feature decreases in strength with respect to the 
6150 Å feature, as the luminosity (and mass) of 
the models increase. We also see Ti II features 
begin to appear in low luminosity (mass) 
models.

One of the interesting properties of the 
sub-Chandrasekhar class of models is 
the implicit relationship between the 
mass of the WD and the total 56Ni. This 
implies a direct relationship between 
the mass and the kinetic energy, as the 
kinetic energy in these explosions is a 
direct result of the C/O synthesized to 
heavier elements in the explosion 
minus the gravitational binding energy 
of the WD. We explore this relationship 
by plotting our models on top of the 
extinction corrected observed SNe Ia 
found in Zheng et al. (2018)

What becomes immediately apparent given the location of our models, is that there appears to 
be two separate clusters of SNe Ia. The first cluster traces our models and follows the 
relationship between brightness and velocity that is a natural byproduct of the sub-
Chandrasekhar class of explosions. The second cluster is offset from this relationship, quite 
tightly bunched, and is considerably slower given their median luminosity than our models. 
This second cluster likely represents explosions at the Chandrasekhar limit.

If you would like to use our model light curves and spectra please email abigail@berkeley.edu

The evolution of a sub-Chandrasekhar mass explosion is shown for a preliminary 2D simulation. If the 
Helium shell is massive enough it can produce heavy, radioactive elements during the initial burning 
before the central core ignition. The presence of this material, and the consequential observational 
signatures distinguish a sub-Chandrasekhar mass explosion from the traditional Chandrasekhar model.

References Acknowledgements

1 [x104 km] 1 1 2 1 2 1 2 4

t = 0 t = 0.5 s t = 1.2 s t = 1.6 s t = 4.6 s

109

108

Te
m

pe
ra

tu
re

 [K
]

Polin + 2019b (in prep)

De et al. 2019

De et al. 2019

-10 days

-2 days

In May 2019 ZTF detected a peculiar Type I SN 
consistent with a helium shell detonation (De et al. 
2019). This event, SN2018byg (ZTF18aaqeasu), is the 
first detected sub-Chandrasekhar mass explosion 
triggered by the ignition of a massive helium shell.
The SN showed a 

strong excess of 
flux in the light 

curve for the first 
few days after 
explosion and 

extreme line 
blanketing in the 

spectra near peak.
We ran models like those in Polin et al. 2019 to match the 
flux excess and peak r-band luminosity and found the 
closest match to be a 0.76 M⊙ WD with 0.15 M⊙ on its 
surface. When spectra was compared with the 
observations the models matched the line blanketing and 
the strengths and velocities of the spectral features.
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WDs below the Chandrasekhar mass explode through the double detonation scenario. When a sub-
Chandrasekhar mass Carbon-Oxygen WD accretes a helium shell on its surface the ignition of that helium 
shell sends a shock wave into the C/O WD igniting the WD at the center of its core.




