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Simulating Supernovae
The three “heads” of Chimera

« Spectral neutrino transport
MGFLD-TRANS in ray-by-ray approximation (Bruenn 1985)

Comparisons to 1D Explosion Models

Nucleosynthetic yields
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Comparisons to Observations
44Ti and °°Ni in supernova remnants

« The wealth of observational data for 44Ti and °°Ni makes
the extent to which simulations can reproduce the total
production and spatial distribution of these nuclei an

* Shock-capturing hydrodynamics excellent metric by which to gauge nucleosynthesis models
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£ Figure 5. (above) Ejected 44Ti and °°Ni from this work

compared with solar abundance ratio of radioactive decay
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A Lagrangian perspective : other groups. Error bars are dominated by uncertainty

» Tracer particles record the temporal evolution of parcels of
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stemming from identification of the ejected matter.

matter within the simulation. : . log o (Xerp; /Kooy )
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Figure 2. (above) Production factors at 100 s after bounce for
B12-WHO7 and the parameterized 1D explosion model of
WHO7. Normalization bands (dotted lines) are provided using a

factor of two difference in the production factor of
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O f#__-,,-’-ff;';j_\\;\,a;\é% * B12-WHO7 BB o i 0 Figure 6. (above) Shocked tracer particles in B12-WH07
e T T T o e I positioned at their positions at the end of the simulation and
Distance along symmetry axis [x10? k] il T e HE " sized in proportion to the mass density of 44Ti at one year after
Figure 1. (above) Tracer particle trajectories from the B ﬁﬂ bognce. Ej_ected particles are cc_)lore_d by_the Mass fraction
same initial mass shell illustrate the complexity of a : ratio of T to *Ni. Large variations in this ratio suggest that
multi-dimensional “mass cut”. = 28] Sl ey 1100 the observed lack of correlation in Cassiopeia A (Grefenstette
2 R et al. 2014) may be a consequence of “hidden” iron that has
S g i yet to be heated by the reverse shock.
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« TPM-generated thermodynamic profiles are extrapolated
to the later times necessary to complete nuclear burning.

« Extrapolation assumes adiabatic expansion with timescale
" from the end of the simulation at time t; to freeze-out
conditions at time ts, and a more slowly declining power-
law trajectory for t > t¢,:
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Figure 3. (above) Relative differences between a

2D Chimera

model and its 1D WHO7 counterpart at 100 s after bounce.
B12-WHO7 ejects an additional 0.027 M, that is concentrated in
proton-rich, intermediate-mass nuclei and various nuclei

* First nucleosynthesis calculations from self-consistent, 2D
CCSN simulations capturing the full development of an
explosion with sophisticated neutrino transport

« Qualitative differences from parameterized 1D simulations
of same initial models are largely attributed to
thermodynamic histories unique to multi-D explosions.

around A = 90.
( £—t * Overproduction of n-rich isotopes 48Ca, °OTi, >Cr, °8Fe,
T exp (— = ) tr < t < tg, A multi-dimensional “mass-cut” 54Ni, 79Zn, °Ge, and *_328e relative to 1D mode!s coul_d_
T(t) = « e s » These differences are primarily attributed to continued address a long-standing mystery of astrophysical origins.
T; exp (_ fo f) (_) , t > te, accretion long after the launch of an explosion that serves to - Significant increase in production of several p-nuclei (e.g.
L 31" Lfo eject matter exposed to conditions unique to inner regions of 88Sr, 90Zr, 92Mo, ...) consistently underproduced by
( t — ts shocked cavity that are not ejected in 1D simulations. parameterized 1D models, hinting at a lighter element
PrEXD (_ = ) <t = 1 primary process (LEPP)
p(t) =+ teo — e\ (72 « #Ti and ~°Ni are slightly overproduced in 2D relative to
kpf N (_ 3+ ) (E) 2o observations of SN 1987A and Cassiopeia A, as well as

« Neutrino-induced reactions assume constant 7,, and an
integrated neutrino number flux ¢, « 1/7(t)?, where
r(t) = r(ty) + v,.(tr)At assumes a constant radial velocity.
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Figure 4. (above) Radial evolution of tracer particles in a
column initially near the equatorial plane of the 12 M., model,
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« Highly asymmetric 44Ti distribution correlated with °Ni, but
44Ti/5%Ni ratio can vary by several orders of magnitude.
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representing mass elements initially distributed in radius along
6 = 82.8°. Lateral velocities behind the shock distort any prior
resemblance to spherically symmetric models. The ejection of
a tracer particle from the proto-NS at one second after bounce
suggests a nascent neutrino-driven wind.



