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Explosion Geometry of SNe

• A key to the successful 
core-collapse SNe

• SASI

• Convection + neutrino

• Rotation + magnetic field

• ...

• A diagnostic of 
binary companion (Kasen et al. 2004 for SNe Ia)

QUESTIONS;
Q1. Are core-collapse SNe really non-spherical?
Q2. If non-spherical, what geometry?
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Physical time: t=119 ms
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Physical time: t=454 ms
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Physical time: t=524 ms
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 Physical time: t=610 ms
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Physical time: t=650 ms
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Physical time: t=700 ms
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Figure 4. Six snapshots from the post-bounce evolution of Model M15LS-rot. The color coding represents the entropy of the stellar gas. The shock is visible as
deformed sharp discontinuity between low-entropy, infalling matter in the upstream region and high-entropy, boiling matter behind the shock; its position is highlighted
by a bold, solid white contour. The top left plot shows the entropy distribution at t = 119 ms after bounce, about 40 ms after the postshock convection has reached the
nonlinear regime and the shock develops first small nonsphericities. The top right and middle left plots (t = 454 ms and 524 ms after bounce, respectively) demonstrate
the presence of very strong bipolar oscillations due to the SASI, the middle right plot (t = 610 ms p.b.) displays the beginning of a rapid outward expansion, and the
lower two plots (for t = 650 ms and 700 ms post bounce) show the onset of the explosion with a largely aspherical shock that possesses a dominant l = 1 deformation
mode. Note that the radial scale was adjusted in the last three snapshots and that the contracting nascent neutron star exhibits a growing prolate deformation because
of the rotation considered in this simulation. The thin, solid white line in each panel marks the direction-dependent location of the gain radius, and the thin dotted,
dashed, and dash-dotted white lines indicate the inner boundaries of the regions where iron-group elements, silicon, or oxygen, respectively, dominate the composition
(the contours are defined by mass fractions of 30% iron-group elements, 30% silicon, and 10% oxygen, respectively). In some of the panels not all these composition
interfaces are located within the plotted area, and the iron-dissociation line or the iron-silicon interface can (at least partly) overlap with the shock contour. We point
out that the rotation of the model is so slow that the composition interfaces in the preshock region exhibit no visible centrifugal deformation.

lowest modes turns out to reflect rather sensitively the dynamical
activity in the accretion layer. One should note that during
phases of relative quiescence of the dipole mode the quadrupole
mode is dominant and vice versa. A high level of activity is
reached shortly after convection has become strong and the SASI
deformation of the shock has set in (t ! 100 ms after bounce).
The following slight reduction of the power is a consequence
of the shock retraction between 100 and 150 ms post bounce.
When the jump in the entropy, density, and mass accretion rate

associated with the composition interface between the Si layer
and the oxygen-enriched Si shell of the progenitor reaches the
shock at ∼170 ms after bounce, transient shock inflation is
triggered (see Figures 1, 2, 3, and 6). As a consequence, the
SASI power increases again before it decays once more during
another period of shock contraction. At t ! 400 ms a phase
of basically continuous, slow expansion of the average shock
radius begins and the low-mode power grows. After 500 ms
until the end of our simulation at ∼700 ms, the low SASI modes

Marek et al. 2009



Power of Polarization
On the skyFrom the side

Optically
thick

Electron scattering 

unpolarized unpolarized
polarized ion

The unique method to explore
the “shape” of extragalactic SNe

Shapiro & Thutherland 1982
Hoeflich 1991

Wang & Wheeler 2008



Strategy for SN Spectropolarimetry
• Spectropolarimetry = “Photon-hungry”

• V <~ 17 mag with 8-10m telescopes (ΔP ~ 0.1%) 

• ToO observations with Subaru (PI: MT)

• Follow-up observations with 
1-2m telescopes (led by M. Yamanaka et al.)

• Target: Type Ib/c SNe 

• C+O core exposed

• but very small samples so far (Wang & Wheeler 2008); 
SNe 2002ap (Ic, Kawabata+, Leonard+, Wang+), 2003gf (Ic, Leonard+), 
2005bf (Ib peculiar, Maund+, Tanaka+), 2006aj (Ic broad, Maund+), 
2008D (Ib, Maund+)



• Large polarization at Ca

• But no polarization at 
O/Na
=> different distribution 
between Ca and O/Na
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• Continuum 
(interstellar polarization?)



Bipolar geometry is successful
(though not unique)

Ca II

3D Monte-Carlo Polarization Transfer

Ca II

photosphere

Bipolar explosion model
(suggested by nebular phase spec, e.g., Maeda+08)

MT in prep.
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Polarization Data in Q-U Plane

• “loop” in Q-U plane
(Common in SNe Ia)

• Cannot be explained by
2D geometry

• Ca II and O I do not 
share the distribution1.0
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Polarization Properties of Type Ib/c SNe
Object Type Epoch Quality 3D Ref.

SN 2002ap Ic broad

-6, -2, +1, 
+2, +3, 
+5, +26, 
+27, +29

Good YES
Kawabata+02, Leonard

+02, Wang+03

SN 2003gf Ic +5 ? ? Leonard+05

SN 2005bf Ib -6, +8 Good YES Maund+07, MT+09

SN 2006aj Ic broad
9.6 (from 

XRF)
Marginal x Maund+07

SN 2007gr Ic +21 Good
x (edge of 

spec.)
MT+08

SN 2008D Ib +3, +18 Good YES Maund+09

SN 2009jf Ib
~25 (from 

disc.)
Good YES MT+ in prep.

SN 2009mi Ic +20 Good YES MT+ in prep.



3D Geometry is Common!!

?
Spherical or axisymmetric collapse

3D explosion

Iwakami et al. 2008

– 29 –

(a) t = 40 ms (b) t = 70 ms

(c) t = 80 ms (d) t = 350 ms

Fig. 8.— The iso-entropy surfaces and velocity vectors in the meridian section for the
explosion model (Model VI). Note that the displayed region is 2.5 times larger for panel (d).

SASI?

666 K. Kifonidis et al.: Non-spherical core collapse supernovae. II.

Fig. 1. Top row: entropy distribution (in units of kB/nucleon) for three of the simulations listed in Table 2 at early times. From left to right a)
model b18a at t = 1 s, b) model b18b at t = 1 s, and c) model b23a at t = 0.92 s. Bottom row: density distribution for the same models at later
instants. From left to right: d) model b18a at t = 3024 s, e) model b18b at t = 3031 s, and f) model b23a at t = 3083 s. Note the change of shape
of the supernova shock (the outermost discontinuity in all plots). Note also the polar jets which deform the otherwise spherical main shock at late
times. They are a consequence of our use of a spherical coordinate grid and our assumption of axisymmetry.

Kifonidis et al. 2006

R-T?

state. All packets escaping in a certain direction are collected to
construct the spectrum and polarization of the supernova from
that viewing angle. Our calculations use 100 angular bins,
equally spaced in cos !, to collect escaping photon packets.
While the code can handle arbitrary three-dimensional geom-
etries, for the axially symmetric models of this paper we use a
two-dimensional Cartesian grid of 104 cells to represent the
supernova atmosphere.

One important issue in multidimensional MC transfer is
where to place the emission source of photon packets. While
most MC calculations emit packets from a spherical inner
boundary surface (the inner ‘‘light bulb’’), in an ejecta-hole
model such an approach would provide a poor representation
of the geometry. Therefore, we have developed an integrated
multidimensional gamma-ray transfer MC to determine ex-
actly where radioactive energy from decaying 56Ni and 56Co
is deposited in the supernova envelope (see x 3.1). The op-
tical photon packets are then emitted from individual cells
throughout the atmosphere, proportional to the local instan-
taneous energy deposition rate. There is no inner boundary
surface, and photons are allowed to propagate throughout the
entire supernova envelope, including the optically thick cen-
ter. Overall, this approach is likely a good approximation to
the actual conditions in SNe Ia, since the luminosity at max-
imum light is dominated by radioactive energy deposition.
However, a proper treatment would also take into account
diffusive energy stored in the supernova envelope by solving
the full time-dependent radiative-hydrodynamics problem.

The opacities used in the calculation are electron scattering
and bound-bound transitions; we ignore bound-free and free-
free opacities, since these are much less important in SN Ia
atmospheres (Pinto & Eastman 2000b). Excitation and ion-
ization are computed assuming LTE, where the temperature
structure of the atmosphere is determined self-consistently

using an iterative approach that imposes radiative equilib-
rium. Line processes included are absorption and scattering,
according to a two-level atom with thermalization parameter
" ¼ 0:05 (Nugent et al. 1997). Because the detailed NLTE
source function of the material is not calculated, packets are
initially emitted according to a blackbody distribution with
characteristic temperature Tbb. We choose Tbb so as to repro-
duce the continuum in the red end of the observed spectrum;
the blue end of the spectrum shows very little dependence on
Tbb, since packets with kP 6000 8 are absorbed and reemitted
in lines. The photon packets are initially emitted unpolarized
but acquire polarization by electron scattering. Line-scattered
light is assumed to be unpolarized because of complete re-
distribution, as in the models of Höflich et al. (1996), Howell
et al. (2001), and Kasen et al. (2003).

3. RESULTS

We have computed the gamma-ray deposition, optical spec-
trum, relative luminosity, and polarization of the ejecta-hole
model near maximum light (20 days after the explosion) as a
function of the viewing angle !. Because the current MC code is
not time dependent, we leave for future work the effect on the
asymmetry on the light curve. For the maximum-light model, the
total luminosity used is L ¼ 1:4 ; 1043 ergs and the emission
temperature Tbb ¼ 11;000 K. We discuss the various results in
turn.

3.1. Gamma- Ray Deposition

In the W7 explosion models, "0.6 M# of radioactive 56Ni is
synthesized and powers the supernova luminosity. The ma-
jority of the decay energy from 56Ni and its daughter 56Co is
released as gamma rays, which deposit their energy in the
supernova ejecta primarily through Compton scattering. It

Fig. 1.—Density structure of the ejecta-hole model near maximum light (20 days after explosion).

KASEN ET AL.878 Vol. 610

Binary interaction?

Kasen et al. 2004 for SNe IaMikami et al. 2008

Two-axes?
(e.g., rotation, magnetic)



Summary
• Spectropolarimetry of Type Ib/c SNe with Subaru

• A1. Core-collapse SNe are not spherical
(c.f. late-phase spectroscopy)

• A2. what geometry?

• Axisymmetric, bipolar geometry (+disk) can explain
only a part of observational properties 

• Loop in Q-U plane is commonly seen in Type Ib/c SNe
=> 3D explosion is common

• What is the origin? -- two-axes? clumpy? binary?
Accumulating high-quality data
(3 Type Ib/c SNe from 2007, 6 ToO triggers with Subaru)
+ Analysis with the 3D transfer code


