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...modeling stellar interiors yields only two numbers 
connected to the real world: a star’s “radius” and 
luminosity.  Even then the theoretician’s numbers must be 
converted to observable quantities using models of stellar 
atmospheres.  In contrast, the spectrum of a star contains 
a wealth of data about its physical structure and 
composition, just pleading for interpretation...

D. Mihalas, 2002, in Stellar Atmosphere Modeling, 
(Hubeny, Mihalas & Werner, eds.), p. 677.
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Please.  I am pleading with you.
Interpret me!

I have a wealth of data about
physical structure and composition.
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Simulated Stellar Death Model SN Atmosphere Comparison to Observations
8 Hachinger et al.
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Figure 4. 05bl-w7e0.7 model sequence (red lines); plot analogous to Fig. 3.

c! 2009 The Authors. Journal compilation c! 2009 RAS, MNRAS

Dim SN Ia 2005bl: abundances and density profile. 15
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Figure 9. Abundance tomography of SN 2005bl based on w7e0.7. The abundances are plotted versus enclosed mass (panel a) and velocity (panel b). For
comparison, we also show the 05bl-w7m1.25e0.7 abundances (panels c and d). In velocity space, the patterns of the abundance profiles are very similar.

At !10d, the structure of the spectrum resembles somewhat
more that at !6d. Yet, the spectrum has little in common with
that of the moderately subluminous, spectroscopically rather nor-
mal SN 2004eo at!11d (Pastorello et al. 2007; plotted in the lower
panel of Fig. 10). Compared to!6d, the!10d spectrum still shows
hints of lower temperatures: because of the scarce population of
excited levels, the S II “W-trough” does not show up. For the same
reason, the C II !6580 feature is weak. In the model with a larger C
mass fraction, however, some of the strongest lines of C I begin to
absorb at " 8700Å. Furthermore, there are absorptions due to O I,
Na I, Si II, Ti II, Cr II and Fe II, which should allow for an analysis
of the abundances in the outer layers as soon as observations are
available.

The amount of extra information which can be inferred from
early-time spectra will, of course, also depend on the actual lumi-
nosity of the SN at these epochs. Larger luminosities mean higher
temperatures, making lines of different ions appear. However, our
results already suggest that there are interesting possibilities to in-
fer the chemical composition of the outermost ejecta.

5 CONCLUSIONS

We conducted an abundance tomography of SN 2005bl and con-
firmed that nuclear burning in dim, 91bg-like SNe Ia stops at less

advanced stages compared to normal SNe Ia. The spectra indicate
that the abundance of burned material above"8500km s!1 is much
lower than even in moderately-luminous objects (Mazzali et al.
2008). From "8500km s!1 down to "3300km s!1, IME dom-
inate the ejecta. This points towards large-scale incomplete Si-
burning or explosive O burning (e.g. Woosley 1973). A detona-
tion at low densities, as it proceeds in the outer layers of delayed-
detonation models (Khokhlov 1991), may be responsible for the
abundance pattern we find. Assuming this, we need to under-
stand how low densities could prevail in such a large fraction of
the envelope at the onset of the detonation. Up to now, all ex-
plosion models which pre-expand the star by a deflagration and
then detonate (e.g. Hillebrandt & Niemeyer 2000, Badenes et al.
2003, Gamezo, Khokhlov & Oran 2004, Röpke & Niemeyer 2007,
Bravo et al. 2009) produce larger amounts of 56Ni. This indicates
that either the pre-expansion is too weak or the amount of 56Ni pro-
duced in the deflagration stage is already too large. As it is uncer-
tain whether a suitable single-degenerate model can be found, the
possibility of a double-degenerate origin of dim SNe Ia deserves
attention.

Besides the abundances, we have obtained information about
the density profile of SN 2005bl. We showed that the spectra are
incompatible with the presence of significant amounts of oxygen
at v!13000km s!1. Together with the low abundances of burning
products, this indicates a general lack of material at high veloci-

c! 2009 The Authors. Journal compilation c! 2009 RAS, MNRAS

(Kasen et al. 2008, Nature, 460, 869)

Hachinger et al. 2009, MNRAS, 399, 1238
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Simulated Stellar Death Model SN Atmosphere Comparison to Observations

abundances by mass
energy deposition

kinetic energy

ionization
level populations
electron density
radiation field

spectra
light curves

etc.
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Radiative Transfer Equation

Specific Intensity
Emissivity

Extinction

1

c

∂

∂t
I(�r, n̂, ν; t) + n̂ ·∇I(�r, n̂, ν; t) = η(�r, n̂, ν; t)− χ(�r, n̂, ν; t)I(�r, n̂, ν; t)
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Radiative Transfer Equation
µ
∂

∂z
I(z, n̂, ν) = η(z, n̂, ν)− χ(z, n̂, ν)I(z, n̂, ν)

τ(z, ν) =

�
dz� χ(z�, ν) S(z, ν) =

η(z, ν)

χ(z, ν)

µ
∂I

∂τ
= I − S

Optical Depth Source Function

Time-Independent Planar Form

Stellar Atmospheres (Mihalas 1978)
Fundamentals of Stellar Astrophysics (Collins 1989, also web)

Radiative Transfer in Stellar Atmospheres (Rutten, web)
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Solution of RTE
• Photon trajectories natural in “lab” frame;

emissivity/opacity in “comoving.”

• Given BCs, opacity, emissivity: explicit formal solution.

• BUT: Need to know the radiation field to know level populations & 
thermo to get opacity and emissivity, to get the radiation field... etc.

• Also: Solution involves space, angle, wavelength points, direct 
inversion does not scale.  Need a faster way.

• Direct (“lambda”) iteration saturates to the wrong answer in 
general.  Can use instead approximate, but easy to invert solutions, 
corrected iteratively (ALI).  (Hubeny 2003 ASPC, 288, 17 & refs 
therein).

• Atomic physics...
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Ionization, Excitation, Lines
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Simple Supernova Spectrum

• Set of basic assumptions: Symmetry, opacity, source 
function.

• First order in v/c.

• Assume thermodynamic equilibrium for level 
populations.

• Basis for a number of existing codes.
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r(texp) = r0 + v texp ≈ v texp
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from Hauschildt, Baron & Allard, 1997, ApJ, 483, 390

PHOENIX GENERALIZED STELLAR ATMOSPHERE PROGRAM 391

zation guided by the HPF directives is presently not yet
generating optimal results because the compiler technology
is still very new. In addition, HPF compilers are not yet
widely available, and they are currently not available for
heterogeneous workstation clusters. HPF is also more
suited for problems that are purely data parallel (single
instructionÈmultiple data [SIMD] problems) and would
not beneÐt much from a multiple instructionÈmultiple data
(MIMD) approach. An optimal HPF implementation of
PHOENIX would also require a signiÐcant number of code
changes in order to instruct the compiler explicitly not to
generate too many communication requests, which would
slow down the code signiÐcantly. The MPI implementation
requires the addition of only a few explicit communication
requests, which can be done with a small number of library
calls.

2. BASIC NUMERICAL METHODS

The comoving frame radiative transfer equation for
spherically symmetric Ñows can be written as (see Mihalas
& Mihalas 1984)
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We set c equal to 1, b is the velocity, and c \ (1 [ b2)~1@2 is
the usual Lorentz factor. is an integrodi†eren-Equation (1)
tial equation, since the emissivity contains the zerothgl Jl,angular moment of Il :

gl \ il Sl ] pl Jl ,

and

Jl \ 12
P
~1

1
dkIl ,

where is the source function, is the absorption opacity,Sl iland is the scattering opacity. With the assumption ofpltime independence, and a monotonic velocityLIl/Lt \ 0,
Ðeld, becomes a boundary-value problem in theequation (1)
spatial coordinate and an initial-value problem in the fre-
quency or wavelength coordinate. The equation can be
written in operator form as

Jl \ "l Sl , (2)

where " is the lambda operator.

3. MACHINES USED FOR TESTING

We were able to test the algorithms described here on a
few di†erent machines. In this section we describe brieÑy the
characteristics of each system for reference. There are sig-
niÐcant di†erences between the architectures of the various

systems, so we were able to test the behavior of the code
under very di†erent conditions.

3.1. IBM SP2

The IBM SP2 is a distributed-memory machine based on
the IBM Power2 chip set. Each node is, e†ectively, an inde-
pendent workstation with its own operating system, paging
space, and local disk space. The nodes are connected in a
Ñat topology, with a high-speed crossbar switch that has a
peak performance of 30 MB s~1. We ran tests on the IBM
SP2Ïs of the University of Oklahoma and the Cornell
Theory Center equipped with 62.5 MHz ““ thin-node 2 ÏÏ
nodes with 128È512 MB memory and at least 1 GB local
disk space. In addition, both IBM SP2Ïs have a parallel
(I/O) Ðle system (PIOFS) that allows parallel input/output
(I/O) to improve performance.

3.2. HP J200

We were able to run a number of tests on a dual-
processor HP J200. This machine is a shared-memory-pro-
cessor (SMP) design with two HP PA-7200 processors
running at 100 MHz. Our test machine has 128 MB of
memory and a fast 3 GB scratch Ðle system. We use the
public domain MPI implementation MPICH et al.(Gropp

compiled on this machine and the HP FORTRAN1996)
compiler and libraries for the test calculations.

3.3. Parsytec GigaClusters

We have run tests of the radiative transfer code on two
Parsytec GigaClusters of the Paderborn Center for Parallel
Computing (PC2). We could not yet run tests with
PHOENIX because of memory and disk limitations on
these machines, but the radiative transfer calculations give
an indication on the performance and scalability of these
systems.

3.3.1. Parasytec GigaCluster Power Plus

The Parsytec GigaCluster Power Plus (GC/PP) uses
PowerPC 601 CPUs at a clock speed of 80 MHz. Each
processor has a peak performance of 80 MÑops and a
LINPACK 100 ] 100 performance of 15 MÑops. The
machine of the PC2 has 64 MBs of memory per processing
element (two CPUs). The communication between pro-
cessors has a peak performance of 20 MB s~1, but the
sustained performance is only 3.3 MB s~1. The GC/PP runs
under PARIX 1.3.1 and uses the Motorola FORTRAN
compiler and PC2Ïs version of the MPI libraries.

3.3.2. GCel

The GCel uses T805 transputer CPUs at a clock speed of
30 MHz. Each transporter has a peak performance of 4.3
MÑops and a LINPACK 100 ] 100 performance of 0.63
MÑops. The GCel of the PC2 has 4 MBs of memory per
node. The communication between processors has a sus-
tained performance of 8.8 MB s~1. The GCel runs under
PARIX 1.2 and uses the ACE FORTRAN compiler and
PC2Ïs version of the MPI libraries.

4. PARALLEL RADIATIVE TRANSFER

4.1. Strategy and Implementation

We use the method discussed in Hauschildt for the(1992)
numerical solution of the special relativistic radiative trans-
fer equation (RTE) at every wavelength point (see also

Sto� rzer, & Baron This iterative scheme isHauschildt, 1994).
based on the operator-splitting approach. The RTE is
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Sobolev Technique

See Also: Jeffery & Branch 1990, Jerusalem Winter School Proceedings 
Rybicki & Hummer 1978, ApJ, 219,654

(and references therein)
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Iout = Iine
−τ + S(1− e−τ )

I0 I1 = I0e
−τ0 + S0(1− e−τ0)

I2 = I1e
−τ1 + S1(1− e−τ1)

I3 = I2e
−τ2 + S2(1− e−τ2)
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τ > 1

τ < 1
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S = �B(T ) + (1− �)J

J(v,λ) =
1

4π

�
dΩ I(v, n̂,λ)
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F (λ) ∝
� pmax

0
p dp I(p)

p
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Real Picture More Fuzzy

images in the (v, p) plane of the fluxlike quantity pI( p), where v !
"(k /k0)# 1$c is the classical Doppler velocity, p is the impact
parameter in units of R0, and I( p) is the specific intensity at p.
The photosphere, corresponding to !cont ! 2/3 at 55008, is shown
as a solid line in the bottom panels. The dominance of the
(gray) electron-scattering opacity makes the corresponding ra-
dius essentially wavelength-independent over the range con-
sidered here; see, e.g., x 4.2 and Figures 7–9 of Dessart & Hillier
(2005b). The sum over p of the quantity pI( p) at v corresponds to
the total line flux at v, shown at the top of each panel (solid line).
Note that for each line, we select a single transition to avoid the
corrupting effect of line overlap stemming from other transitions
of the same or different species.

Let us first focus on the absorption trough, controlling the re-
sulting vabs, of such synthetic line profiles. For Ca ii k3934we see
that the trough is nearly saturated with essentially no residual
flux down to approximately #22,000 km s#1, while Si ii k6347
shows a maximum absorption at a less negative velocity of
#12,000 km s#1; S ii k5432 is the weakest line of the three, with
a very modest absorption and extent, located at approximately
#9500 km s#1.

We thus reproduce here the general trend shown in Figures 4–
7 and presented in x 3.1.1: absorption velocities for Ca ii k3945
are more negative by several 1000 km s#1 at any given phase
than those for S ii kk5454, 5640 and Si ii k6355, because it
remains optically thick out to larger radii (i.e., lower densities
and higher expansion velocities). Indeed, this feature is the result
of a blend of Ca ii K(3933.66 8) and H (3968.47 8) transitions,
both corresponding to the same 4s 2S–4p 2P0 multiplet, linking
the ground state and low-lying upper levels ( just 3 eV above
the ground state). Despite the low log (g f ) value of the transi-
tion and the considerably lower calcium abundance compared
to silicon and sulfur in our model (by factors of 1000 and 500,
respectively), the high Ca ii ground-state population in this
parameter space translates into a very large line optical depth
(!line / "line#ion). The sample Si ii and S ii lines result, however,
from higher level transitions, less populated, which translate
into systematically lower optical depths and less negative vabs
values, the more so for the S ii lines. Also, at a given phase, the
maximum absorption is further to the blue in S ii k5640 than in
S ii k5454, which likely results from differences in the atomic
properties of each transition.

Fig. 8.—PCygni profiles of Ca ii k3934, S ii k5432, and Si ii k6347 in a CMFGENmodel of a low-luminosity SN Ia near maximum brightness, with density exponent
n ! 7, revealing the sites at the origin of synthetic line profile flux, and the resulting blueshift of the P Cygni profile emission peak. Bottom: Gray-scale image of the
quantity pI( p) as a function of p and classical Doppler velocity v ! "(k /k0)# 1$c, where p is the impact parameter and I ( p) is the emergent specific intensity along p
(at v). Here R0 is the base radius of the CMFGEN radial grid where the continuum optical depth !cont % 50; a photosphere thus exists in this model configuration,
corresponding to a velocity of 9550 km s#1. Here k0 is the rest wavelength of the transition and c is the speed of light in a vacuum. The overplotted solid curve gives the
line-of-sight velocity location where the integrated continuum optical depth at 5500 8, along z and at a given p, equals 2/3. (Note that the photospheric velocity quoted
above, not projected, is found at the point on this curve with p ! 0, which also corresponds to a depth z ! 1:91R0 ! vphot /v0; see Table 9.) In the ( p, z) plane, this curve
has a similar shape but is more circular for negative z, as shown for a synthetic H$ profile for a SN II in Fig. 10 of Dessart & Hillier (2005b). The dashed lines are for
p ! 1; 1:8& '. Top: Solid curves indicate the line profile flux obtained by summing pI (p) over the range of p; dashed curves indicate the velocity profile of pI( p) for two
p-rays, at p ! 1; 1:8& '. The vertical dotted lines correspond to the (continuum) photospheric velocity. The profiles have been normalized to unity at the inferior
boundary of the plotted velocity range, where the line optical depth is zero. See Dessart & Hillier (2005a, 2005b) for a detailed and pedagogical explanation of these
plots in the context of SNe II.

BLONDIN ET AL.1660 Vol. 131

Blondin et al. 2006, AJ, 131, 1648
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Type II SupernovaSPECTRAL ANALYSIS OF TYPE II SN 1999EM 445

scattering pro!les superimposed on a blackbody contin-
uum. For the two synthetic spectra presented here, the
radial dependence of all line optical depths is a power law of
index 8. The observed spectra have been corrected for a
redshift of 717 km s~1 and for reddening of E(B[V ) \ 0.05
mag (see below).

In Figure 1 the CTIO observed spectrum of October 29 is
compared with a synthetic spectrum for which the contin-
uum blackbody temperature and the excitation tem-Tbbperature are 13,000 K, the velocity at the photosphereTexcis 11,000 km s~1, and only lines of hydrogen, He I, andVphotN II are considered. The relative strengths of the lines of an
ion are !xed by local thermodynamic equilibrium (LTE) at
the excitation temperature, but the absolute strengths of the
lines of each ion are controlled by a free parameter. The
strength of the hydrogen lines has been chosen to make Hb
and Hc about the same as in the observed spectrum; the
relative optical depths of the hydrogen lines are of course
!xed by atomic physics, so the poor !t to Ha is due to a
de!ciency of the resonant-scattering source function for this
transition. The only noticeable line of He I in the synthetic
spectrum is that of j5876. Lines of N II have been intro-
duced so that j4623 and j5679 can account for the absorp-
tions near 4500 and 5500 in which case N II j5029 alsoA! ,
a†ects the synthetic spectrum slightly near 5000 (InA! .
SYNOW when a particular species is introduced, all the
lines of that species are included with their relative strengths
set by assuming LTE populations, but we focus here on the
strong optical features that are relevant to the observed
spectra.) The hydrogen and He I identi!cations are de!nite,
and (in anything remotely like LTE) we can o†er no alter-
native to the N II lines. However, see ° 4.1.1 regarding the
possibility that some of the ““ N II ÏÏ lines may actually be due
to hydrogen.

In Figure 2 the HST -observed spectrum of November 5
is compared with a synthetic spectrum that has Tbb \

K, km s~1, and lines of hydrogen,Texc \ 9500 vphot \ 8000
Ca II, Mg II, Fe II, and Ni II. The resonance-scattering
approximation gives good !ts to the features produced by
Hb, Hc, and Hd. Ca II contributes only the blend due to
j3945 (the H and K lines), and Mg II contributes little other
than the blend due to j2798 (the h and k lines). All other
features in the synthetic spectrum are produced by Fe II

FIG. 1.ÈSYNOW !t to optical October 29 spectrum. Observed spectra
have been deredshifted by 717 km s~1 in this and subsequent !gures. The
observed spectrum has been dereddened using E(B[V ) \ 0.05.

FIG. 2.ÈSYNOW !t to the UV]optical HST spectrum obtained on
November 5, with the optical spectrum obtained at the FLWO on Novem-
ber 4. The HST and optical spectra overlap at around 3600 TheA! .
observed spectra have been dereddened using E(B[V ) \ 0.05. The !t
quality should be judged primarily in the optical.

and, to a lesser extent, by Ni II. The H, Ca II, and Mg II

identi!cations are de!nite. The ultraviolet spectrum evi-
dently is mainly a blend of singly ionized iron-peak lines ;
Fe II de!nitely is present, and Ni II probably contributes
signi!cantly. Other iron-peak ions that have not been intro-
duced here may also a†ect the observed spectrum.

4. PHOENIX MODELS

4.1. October 29
The Galactic extinction to NGC 1637 corresponds to a

color excess of E(B[V ) \ 0.03 mag, but the observed spec-
trum of SN 1999em shows a distinct Na D interstellar
absorption line that may indicate additional reddening in
the parent galaxy. We have calculated a grid of detailed
fully line-blanketed PHOENIX models in order to deter-
mine the ““ temperature ÏÏ of the observed spectrum. With
most supernova spectra we can trade o† higher tem-
peratures for larger reddening within prescribed limits (such
that the atmosphere does not become so hot or cool that
strong unobserved lines would predominate). Here with this
very early, very blue spectrum, we found that we were not
able to freely exchange temperature for reddening, so that
the reddening was well determined to be E(B[V ) B 0.05
and the ““ temperature ÏÏ was about 11,000 K. Figure 3 dis-
plays a !t with K and solar compositions ;Tmodel \ 11,000
the observed spectrum has been dereddened with
E(B[V ) \ 0.05 mag. The abundances were taken to be
solar throughout the model atmosphere, and the density
was assumed to follow a power law with o P r~n and n \ 7,
somewhat shallower than in the SYNOW !ts, though we do
not regard the di†erence as being too signi!cant, since the
true density structure is unlikely to follow an exact power
law. We also present models with n \ 9 (see ° 4.2).

The !t is rather good, and the cannot be signi!-Tmodelcantly reduced since the Ca II H]K line becomes very
strong in the synthetic spectrum with K, butTmodel \ 10,000
it is weak in the observed spectrum. Also, the observed
feature due to He I j5876 is not reproduced in the synthetic
spectrum. Hotter models are not ruled out, but at Tmodel \

Baron et al 2000, ApJ, 545, 444
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Figure 6. Three photospheric epoch spectra of PTF 09dav from WHT (+4.9 days), P200 (+11.2 days), and Keck (+16.0 days), along with their SYNAPPS fits. We have
assumed a heliocentric redshift of 0.0371. The major features in the spectrum are labeled at the minimum of their absorption. They include ionic species common in
subluminous SNe Ia (O i, Ca ii, Si ii, Ti ii) together with additional lines including Sc ii and relatively strong Na i. We also tentatively identify Sr ii and Cr ii. Over the
period in time covered by these spectra, the photospheric line velocities evolve from !6100 km s"1 to !5100 km s"1 to !4600 km s"1.
(A color version of this figure is available in the online journal.)

time of the subluminous template (14 days). We emphasize that
this calculation assumes the entire light curve to be powered by
the decay of 56Ni.

In summary of this section, the MB, Lbol, MNi, and ejecta
mass Mej of PTF 09dav are all unusually low. PTF 09dav is one
of the faintest subluminous SNe Ia yet discovered, and, while
not as faint as SN2008ha, it is the faintest of the SN1991bg-like
sub-class.

4. SPECTRAL ANALYSIS

We now turn to the interpretation of the PTF 09dav spectra.
The spectra of PTF 09dav show many curious features com-
pared to other subluminous events (Figure 2). The comparison
to SN2005bl (Taubenberger et al. 2008) is particularly instruc-
tive, as that spectrum was taken at an identical light curve phase
(+5 days). Despite the resemblance to subluminous SNe Ia,
with obvious Ti ii, Si ii, and O i absorption, other features in the
spectra do not appear in other subluminous events (Figure 2).
In particular, absorption features at 3960 Å, 5400 Å, 5540 Å,
5720 Å, 6480 Å, 6700 Å, and 6890 Å do not, at first glance,
immediately correspond to features in other subluminous
SNe Ia. We attempt to identify these lines using an implemen-
tation of the SYNOW code and then discuss the results.

4.1. Spectral Fitting

When no detailed ab initio SN explosion model provides an
immediate explanation for observations, parametrized spectrum
synthesis provides the first step toward their construction. The
idea is to use simplified radiative transfer calculations to directly
fit SN spectra. A good fit constrains explosion models through
interpretive spectral feature identification, with the main result
being the detection or exclusion of specific chemical elements.
The velocity distribution of detected species within the ejecta
can also be constrained.

In our analysis we make use of SYNAPPS (Thomas et al.
2011). The physical assumptions SYNAPPS uses match those
of the well-known SYNOW code (Fisher 2000), so findings are
restricted to identification of features and not quantitative abun-
dances. But where SYNOW is completely interactive, SYNAPPS is
automated. This relieves the user from tedious, iterative adjust-
ment of a large number of parameters (over 50 variables) to gain
fit agreement, and assures more exhaustive searching of the pa-
rameter space. SYNAPPS can be thought of as the hybridization
of a SYNOW-like calculation with a parallel optimization frame-
work, where spectral fit quality serves as the objective function
to optimize.

4.2. Spectral Line Identifications

We run SYNAPPS on our three photospheric spectra, and the
resulting fits are shown in Figure 6. We identify the following
lines common to subluminous SN Ia spectra: O i, Ca ii, Si ii, Ti ii,
Fe ii, and Co ii. The Ti ii lines are particularly strong relative to
other SN1991bg-like events. We also identify Sc ii, Na i, and
Mg i, as well as evidence for Sr ii and possibly Cr ii. There was
no evidence for S ii or Mg ii—both degraded the quality of the
fits, S ii around 5500 Å, and Mg ii in the red.

Though unusual, the presence of Sc ii seems robust. As well
as the two features at 5400 Å and 5550 Å (caused by !5527 and
!5658), the 6490 Å feature (caused by !6604), together with
improved fits between 4000 and 5000 Å, provides additional
confirmation. S ii has strong lines in this region, but cannot be
responsible for the two features at 5400 Å and 5550 Å (observer
frame)—the ratio of the two line wavelengths does not match S ii
and the velocity would be inconsistent with the other elements
(Figure 7). S ii is common in 1991bg-like events (although the
lines typically become weaker and disappear after maximum
light), and its non-detection here is therefore surprising, but it
does have a higher ionization energy than the other elements,
which may point to lower temperatures.
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Some Codes
• PHOENIX

• Hauschildt, Baron, & Allard, 1997, ApJ, 483, 390

• Jack, Hauschildt, & Baron, 2009, A&A, 502, 1043

• Hauschildt & Baron, 2010, A&A, 509, 36

• CMFGEN

• Hillier & Lanz, 2001, ASPC, 247, 343

• Dessart & Hillier, 2005, ASPC, 332, 415

• RAGE

• Gittings et al. 2008, CS&D, 1, 015005

• SEDONA

• Kasen, Thomas, & Nugent, 2006, ApJ, 651, 366

• SAMURAI

• Tanaka, et al. 2008, AIPC, 1016, 249

• Tanaka, et al. 2009, AIPC, 1111, 413

• ARTIS

• Kromer & Sim, 2009, MNRAS, 398, 1809

• Mazzali & Lucy Code

• Mazzali & Lucy 1993, A&A, 279, 447

• SN Monte Carlo in general:

• Lucy 1999, A&A, 344, 282; 345, 211

• Lucy 2002, A&A, 384, 725

• Lucy 2003, A&A, 409, 737

• Lucy 2005, A&A, 429, 19

• SYNOW/SYN++ and SYNAPPS

• Branch, Baron, & Jeffery, 2003, LNP, 598, 47

• Thomas, Nugent, & Meza, 2011, PASP, 123, 237
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Codes

National Museum of American History
http://americanhistory.si.edu/collections/object.cfm?key=35&objkey=30
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SYN++, SYNAPPS

• Open source!  Actively maintained!

• Spherical symmetry.

• Sharply defined, BB-continuum emitting photosphere.

• Line transfer under Sobolev approximation.

• Optical depth parameterized spatially and in 
wavelength.

• Pure resonance scattering source function.
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SYN++

• SYN++ is a stand-alone “single shot” executable that 
creates a parameterized synthetic spectrum.

• OpenMP loop-level parallelism in computation of the 
source function.

• Can be used interactively to “fit” observations, identify 
lines (what’s there, what’s not), estimate ejection 
velocities, etc., explicitly including line blending.

•
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SYNAPPS
• Fitting spectra is tedious, so we automated it by wrapping 

SYN++ API calls in a multidimensional, parallel optimizer, 
APPSPACK:

• Kolda, 2005, SIAM J. Optim., 16, 563

• Gray & Kolda, 2005, ACM Trans. Math. Software, 32, 485

• Griffin & Kolda, 2006, SAND2006-4621

• http://software.sandia.gov/appspack/version5.0/index.html

• Hybrid Parallelism:

• MPI for master-worker architecture.

• OpenMP for synthetic spectrum.
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SYNAPPS Architecture
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SYN++, SYNAPPS

• http://c3.lbl.gov/es/

• http://github.com/rcthomas/es
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