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Importance [Livio]

- Understanding the progenitors and explosion
models are essential for understanding systematics
and galactic chemical evolution



the problem | shift in view

- “I'thought | knew what the progenitors are. | don't
know anymore."—Livio

- We used to ask, “What is a type la supernova?”’; we
now ask, “What are type la supernovae?”—Woosley
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The Answer
(You already knew it)

Model  °6Ni Si+S KE/gm

Msun Msun 107
DD4 0.63 042 4.5
W7 0.63 0.23 4.7

10H 0.62 0.29 5.3"

*6.0 if include outer 0.045
solar masses of hi-v helium

A SN la is the outcome

of detonating 1 solar mass
of carbon and oxygen with
p =~05-2x10°gcm™



zeroth order

- Detonation of = 1 Msyn C/O is sufficient to produce
something that is broadly consistent in appearance
with bulk of observed la’s

- We must do more



alternatives

ignition triggered by & RS
conversion of neutron starto. " ——
quark star| s

_ RN ignition in a solo white dwarf
triggered by pycnonuclear

FORTYPE IA SUPERNOVA

EXPLOSIONS Do only binary WD exp reaCtIOn S

admixture of DM (~ few%)
into WD lowers
Chandrasekhar mass

e




single-degenerate

- formation of white dwarf, evolution to thermal instability
(implicit lagrangian code, e.g., MESA)

- simmering (or is it smoldering?): early stages with stellar
evolution code (but important to treat electron captures—
convective Urca—carefully)

- just prior to explosion: low mach number code (MAESTRO)
- explosion: explicit hydro (FLASH)

- post-explosion, light curve: radiative transfer
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single-degenerate

. formation of white dwarf, evolution to thermal instability
(implicit lagrangian code, e.g., MESA)

- simmering (or is it smoldering?): early stages with stellar
evolution code (but important to treat electron captures—

convective Urca—carefully)

- just prior to explosion: low mach number code (e.q.,
MAESTRO); birth of flame (e.g., CASTRO)

- explosion: explicit hydro (e.g., FLASH)

. post-explosion, light curve: radiative transfer



DDT models (Sim et al.)
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single-degenerate

. formation of white dwarf, evolution to thermal instability
(implicit lagrangian code, e.g., MESA)

- simmering (or is it smoldering?): early stages with stellar
evolution code (but important to treat electron captures—

convective Urca—carefully)

- just prior to explosion: low mach number code (e.q.,
MAESTRO); birth of flame (e.g., CASTRO)

- explosion: explicit hydro (e.g., FLASH)

. post-explosion, light curve: radiative transfer



Ignition Radius Likelihood

Distribution of likely ignition

locations B
- [ 1 dT/dt <0 | |

— Average hotspot radius over
1 s intervals

— Consider final 200 s of
evolution

Vast majority of hotspots are
moving outward from the
center

Off-center ignition likely

» Histogram of likely ignition radii from

576° non-rotating model. Hotspot radii
are averaged into 1 s intervals and colored
by sign of temperature change

‘\\\‘ Stony Brook University




Pulsation in Spherical Premixed Flames with Large

Lewis Numbers

Yang Gao' 2 *, Yibo Zhao' ?, Guangzheng Xing' ?, Chung K. Law" **

1 Center for Combustion Energy, Tsinghua University
2 Department of Thermal Engineering, Tsinghua University

3 Department of Engineering Physics, Tsinghua University
4 Department of Mechanical and Aerospace Engineering, Princeton University

Tsimghua U anerin

The thermal-diffusional pulsating instability of a premixed
expanding spherical flame with Lewis number much greater
than unity is considered. The positive flame curvature affects
the critical value of the Zel'dovich number (dimensionless
activation energy), hence facilitating the onset of the
instability as well as increasing the amplitude of the resulting
pulsating flame speed. This work is of particular relevance to
the study of flame propagation in condensed matters and

supernova flames whose Lewis numbers are much greater
than unity

flame speed pulsation unael the

mption of !} is also made so that
a Z« flame. the ratio between

ich greater than that illustrateda here

It is expected that flame pulsation may serve as an
additional mechanism for the flame to speed up to a value
close to or greater than the speed of sound, which in tum
could lead to the transition to detonation.

IV. Physical conditions in supernova explosion

Lewis number:
represents the comparison between thermal
diffusion and mass diffusion. In type la supernova,

thermal diffusion is effected by the relativistic




70.3 km

radius = 2 km
offset = 41 km

46.2 km
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{/% The Center for Astrophysical Thermonuclear Flashes

Simulation of the Deflagration and Detonation
Phases of a Type la Supernovae

Ignition occurs 40 km from the center of the star.
Hot material is shown in color and stellar surface in green.

This work was supported in part at the Universily of Chicago by the
DOE NNSA ASC ASAP and by the NSF. This work also used
computational resources at LBNL NERSC awarded under the

INCITE program, which is supported by the DOE Office of Science.

An Advanced Simulation and Computation (ASC) \
Academic Strategic Alliances Program (ASAP) Center /‘
at The University of Chicago ASC
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SD: Delay Time Distribution
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rotation [Nomoto]




Collisions

- Rosswog et al., Raskin et al., Kushnir et al.

- “With triple systems, you can do anything”"—F. Rasio
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- peak of WD mass distribution at 1.2 Msyn/2

- but, there is a distribution of impact parameters

‘He Envelopes Do Not Significantly Alter
White Dwarf Collisions
Cole Holcomb', Doron Kushnir’ . Boaz Kat='

Princeton University', Institute for Advanced Study’,
Weizmann Institute of Science’

1. Abstract I11. Results (cont.)




Detailed View of 3D Spiral
Instability Detonation
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lightcurves [Kasen]

white dwarf

RGN pretty good agreement with
JRCENIN observations (black lines) but with

comparison to

GRSl \Wide viewing angle dependence

moll, raskin, kasen, woosley (2013)

Skt Al (the light red band)

prompt explosions of C/O WD mergers
synthetic B-band light curves

b, !
5
0.96 + 0.81),

moll, raskin, kasen, woosley (2014)



magnetic fields

Magnetized Moving Mesh Mergers of CO White Dwarfs

Chenchong Zhu', ROdiger Pakmor?, Marten H. van Kerkwijk', a dPhINpCha g’
'Departmaent of Astr smwmumvm soSthoq treet, T o, M55 344, Canada i

Naturally get very large | -SSSElmimEmmmingmss sy T
magnetic fields (B ~ 58
1010-10"1 G) during

Merger —

L~




First detonation: Does the helium 1gnite? Yes!

Holcomb+ 13,
pure helium,
13 1sotope net

WD scale
height
=) Our estimates,
. pure helium,
g 13 isotope net

Our estimates,

<t
- (Shen & Moore ’14)
™

.O.O. R .0.5. . .1.0. .
Thotspot [K]

o Small C/O pollution + large nuclear network allows 12C(p, v)13N(a, p)!1O and 190(a., 7)*°Ne,

bypass triple-a: Easy helium detonations! Ken Shen (UCB)



sub-Chandra He ignition: pre-mixing
of underlying CO into layer [Glasner]

4,5e+07

Affects the post-runaway abundances.
Helium disappears and the amount of
intermediate mass elements increases
drastically.
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Second detonation: Does the C/O 1gnite? Yes!

'S
—f @ o 'O N
0.66 094 H
Spherically-averaged 2D full-star 107
A S
g
O
=S
O
ﬁ SUCCESSFUL
= C/O DETONATION
imploding shock 2 ™~
strength =
~ S| FAILED
C/O DETONATION
S
— (Shen & Bildsten *14)

3 5 7 10 20 30
Pinitial [106 g/ Cmg]

e Mwp = 0.8 Msol: first or second detonation fails (?) — Long-lived merger remnant, R CrB

e (.8 -1.2 Msol: successful detonation — SN Ia

e = ].2 Msol: second detonation fails (O/Ne hard to ignite) — Long-lived merger remnant, AIC

Ken Shen (UCB)



DOUBLE DETONATION SN IA FROM A CONFINED HE BELT

THOMAS L. PAPATHEODORE'® AND O. E. BRONSON MESSERY*!

‘ AKX R E NATIONAL ADORATONRY, 3. OAx RIDGE LEADENRS

|Illl'1)(lll(liull

s a white dwarf (WD) in a binary system descnbed by the single-degenerate, double-degencrate, or double-
' xal SNe la (Manoa ct al, 2014), but y-ray observations reveal the presence of Jow
were a detona n equatonal He el (instead of a He shell) keads o 2
100 OCCUTs 1S Ny, 2 ; with the rest of ater cpocta would have the charactersstically large

astrained due to the configuration of the belt. Here we explore the plaussbelity of thas expiosson
. » .

Models

t sumulations were used to represent the samplest scenano ¢

He belts surrounding WDs

<ty belts were embedded in the WD to a depth where their densaties matched the comespoading

ts were given the same geometry as the corresponding coastant density belts (¢.g.

10* ¢ con’). but thewr densitics simply follow the WD density out to the odge
owed the density gradient of the WD for three He detonations.

ASH to advance the nuclear kineties. For two of the He-belt runs we repeated the
| petwork, XNet (Hix & Thaclemann, 1999), whach can handic an

{ the nucicar reachon ¢ '




spectra okay if not too
much helium

double detonation spectra (at maximum)

varying helium shell masses (woosley and kasen 2011)
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all models are asymmetric

polarization curves
3-D models: pure e- scattering, inclination = 90°
1.0
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kasen+ in prep
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Potentially important discriminant of
Chandra, Sub-Chandra: [Wheeler, Maeda]

(Mazzali+ *07) X M(IME)
v M{NSE)

M(5ENi)

O M(5%Fe)

High density, > 10’ g/cm3, electron
capture on *°Ni => Stable Ni in
center, excitation by *°Ni off-center

by s 3 e 1 g sy ot E § T 1

Evidence for high central density

Flat-top line profiles of [Fe ll], in
nebular spectra (Gerardy et al.
2004), truncated lines in Mid-IR
spectra (Telesco et al. 2014)

enclosed mass [M 5]

. Abundance of ”’Mn (Seitenzahl
et al. 2013)

1.4

Am;5 [mag]
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¢ The metallicity effect
should be tested with
JWST©

Chiaki Kobayashi

sorry, my flight is at 6:30pm...

SD with Z effect, W7 (CK & Nomoto 09)
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If the shortest
lifetime of majority
of SNla is <1Gyr, |
need a metallicity
effect; low rate
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Spectral Comparison Townsley

At approximately maximum light:
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Wavelength [ang]

6100A P Cygni Si line stable
Variations with metallicity strong at 3000 and 4000-4200 A
Good to have a mix of invariant and variant features




Dependence of Si-group Yields on Progenitor Composition in 2D

Simulations of Type la Supernovae

ton J, m; :
"4 Miles/, Dean M. Townsley , Daniel R. van Rossum’, Francis X. Timmes’', Soma De', Brendan Krueger’, Aaron P. Jackson®, Alan C. Calder'”,
Edward F. Brown’’, David A. Chamulak'’

e on the quas:. Hydro and Post-Processing
NS5 00 the com, quilibirum that occurs during incomplete silicon burming, it s expected that the neutroe Ne generated | racet
lbund.n(:‘:::d‘hc exploding white dwarf (WD) ma Tyvc-l.) Supernova (SN 1a) will determine the
This N Troitds termediate mass elements (IME), including Si, S, and Ca. in a robustly predictable
; 'd"‘Oﬂm the ¢ 4 Way 10 infer, or at least constrain the compasition of the progentor WD fron
- 00 the model fself determined from spectra near maximum light . In order to explore possib
0"' yrelds. of rad and intrinsic yeld of the SNIa explosion, we have post-processed two cases with
12 aa wide vor ’QOC:M nec kel (0 8 and 0.7 Msun rno«hw‘y! from the set presented in Krueger et 2
shion (DD‘I) ::y"o metallicities. These are 2D simulations of 2 SN s in the deflagration-det
OMPOnents. arising "o;"o We have distinguished between the neutron-enriched progenitor composition
nd that while the total the initial stellar metallicity and from the pre-explosion central carbon burning We
ow very little depen;":dd‘ of IMEs differ in our two cases. the trends of vield ratios (Ca/Si and
ficial SPOCtrs and Bat. e on the overall yield Also, using the radiation transfer code PHOENIX.RER
the - M Curves were created for all cases i the hopes that an observable feature cre
0N n metallicity would present itsell. We find in early spectra the best candidates are ©
atures at abount 6000 and 8000 An‘ﬂrom respectively

onaton

N A
M and

A Study of Steady-State Detonation Structures for Hybrid C, O, Ne White Dwarf Models
Donald Wilicox', Dean Townsley?, Alan Calder’
Ics and Astronomy, Stony Brook Universi . 2Department of Physics and Astronomy, University of Alabama

'Department of P




observables |

. explode
- produce bolometric and multi-color light curves

- produce multi-wavelength, multi-epoch spectral
evolution

- spectropolarimetry



observables |

- not run too slowly!

. “[Core-collapse] Supernovae theory has been
retarded by the reliance on ... codes that run slowly
and seldom."—Burrows and Goshy 93, ApJ

Supernova emulators: connecting massively parallel SN la
radiative transfer simulations to data with Gaussian processes

Danny Goldstein'?, Rollin Thomas', and Dan Kasen*”

Pilot Study: Bolometric Light Curve




More codes

SuperNu a State of—the Art IMC-DDMC Radiation Transport Code for Supernovae

v_\“'\;“”vv,\|,‘ cum ',1] |'lf ;I". onter for ( vy“vf,l na M Inversity { 2

Abstract
Radiation transport calculations are required in order to compare the light curves and spectra predicted by Type la supernova (SN la) models with observations. In

calculating these light curves and spectra, the radiation passes through regions of the ejecta that are very optically thick and regions that are relatively optically thin, |
Traditional Monte Carlo transport methods have trouble dealing with optically thick regions. SuperNu is a new, state-of the art radiation transport code based on & |

hybrid method that combines Discrete Diffusion Monte Carlo (DDMC), to treat optically thick regions, with Implicit Monte Carlo (IMC), to treat optically thin
regions with transport theory. DDMC is very efficient in optically thick regions and, consequently, significantly accelerates the transport calculations. SuperNu's
scemless coupling between IMC and DOMC is robust in high-velocity outflows. We compare light curves and spectra from SuperNu to the deterministic radiation
transport code PHOENIX for the W7 model of the SN 1a problem. Despite the considerable differences in the code methods, the light curves and spectra of M
show good agreement to those of PHOENIX

_mmmm_ MCDDMC lnterfaces | Dpacity Regrouping

DDMC requires Since effective scatter i ewent and DO

TARDIS (Sim)




looking for companions

Search for Surviving Companions in
Type la Supernova Remnants

-

jireasure Hunting for Type la Supernova Ex-Companion Stars in the Large Magellanic Cloud




Facility for Rare Isotope
Beams | Michigan State



http://video-monitoring.com/construction/msufrib/slideshow.htm?img=http://video-monitoring.com/construction/msufrib/pics/d3/feb2814n/m031210h.jpg&station=FRIB

Joint Institute for Nuclear
Astrophysics

- NSF Physics Frontier Center
- Lead institution: MSU

- Just renewed! Goal is to understand the origin and
evolution of the elements

PHYSICAL REVIEW C 77, 024307 (2008)

Gamow-Teller strength for the analog transitions to the first T = 1/2, J* = 3/2" states in "*C and
13N and the implications for type Ia supernovae

R. G.T. Zegers,"" E. F. Brown, = H. Akimune,” Sam M. Austin,' A. M. van den Berg,” B. A. Brown, '~
D. A. Chamulak,*" Y. Fujita,” M. Fujiwara,® S. Gales,” M. N. Harakeh,” H. Hashimoto,"” R. Hayami,'"" G. W. Hiu, '~
M. Itoh,'" T. Kawabata,'* K. Kawase,” M. Kinoshita,” K. Nakanishi,” S. Nakayama,'" S. Okumura,® Y. Shimbara,'~
M. Uchida,'” H. Ueno,"* T. Yamagata,” and M. Yosoi®




what do theorists want
(from observers)?

- more spectropolarimetry

- more late-time (yr) spectra; determination of line profiles to high precision
- a better gamma-ray telescope

- early-time UV

- data-driven model for spectra

- be ready for serendipity

- good follow-up on the relatively near neighbors

- do we understand the required statistics to solve problems?

- long-term followup—Ilook for companions (esp. He donors)



