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supernovae: stellar explosions

+ different explosion mechanisms
+ core-collapse, thermonuclear
+ pbecause a star exploded:
~ + gjecta is > solar mass

=

+ ejecta speeds are ~10,000 km/s
(approaching 10% light speed)

"
N i

+ light is from decay of radioactive
material synthesized during
explosion

+ as bright as a galaxy
+ last about a month



- -
- - .
\
5 y -
\ \ . N
. ~ WAGh s
. e 3 S
o o S . Y
. e - . T .3. * ..s. ..J.. .-... ..
- - N . "y st PO . -
- - » » Ju .. .\ -4 * S .h.._.nru \...b,w.- ¥
' W " N U S0 m [ \ el *
>’q » obad 0t <
4 . ‘] . . . L2 SO . 4 g L 3
» .., 5 .' » Qou‘.- . Q. Aw A.-.ﬁo.f-.oo o ’.MO... jl
. Mo N . :
O‘. . ' 7 & by .‘...,. »..o-.a.. bt
v - L~ A < ° . .. . ...r bn.,. .k..‘ .
- . ) il e o P
R b S R O AR Ty |
ek R S I A S ) _
o 70 < v.‘a‘.l. ] d SR AN A U
’ i e e ) - " .‘.-.. =
.- S L4 v Sl 0..%.! - ks -4 L A
R B YRR (| 3< . .
- S | T L ] A HERER ] i et e
e ‘ - v % . O e r.' L7 - Vo s".'-. b
A ) PR W Rl o 10 TR LA
P, d- ez Ho =T o S NTR it oo o y
. s ° = -“n.l- A5 o= . . - . .‘.’qp o
- " . - Vr‘* : ° & ¥ TR SOA ' » / ‘- .
L I 1 s > 5 A .
- ~ N & ..nc ‘sz;-.ﬂ * o Ta v\. ¥ e ‘..’ .w y 2
» » - ‘.'| - - e
. —= = e #ﬂn i I S TP & o A D
~ A s
. ~ - - 2 .
’ - -

201 =09-07. 22:55:55 U

SDO/AIA 335

cosmolo

al

creat

gica

axies -

-~

ize g

.

tools

-

-energ

.

- .

oints of

-end

.

P

v
.

. X

- stellar evolut

elements

-

L ]

.

ion



cal

R ) . . ; = - 3
..o o (D —
) - s r‘.. m O

c

D

ze

g

r

-
-
-

ene

.

..

t

ispe
emen

.
B’ .
KR,
....
.
.
.
-
e
..
-

ro

P

ts of
i

tor
io

lu

eni

oin

g

e,
>
). D
QL A
©

N
N
™~
i
@)
&
_
(2
O\

pro

d

en
stell

SDO/AIA 335

‘.



supernova forensics

look for indirect evidence of what caused explosion, compare to theory




circumstellar environments

B -

-

~

P R
" LR

B Wy . d gt [ i RO SR ¥ U

auroras created by Sun’s puny wind interacting with Earth’'s magnetic field and atmosphere nebulae created from envelope ejection



WLl - wte L gea  circumstellar
clecta "W ik ¢ o interaction

- (radioactive B, - W . ' (illustrated by a supernova interacting
. dec;ay SEVS) T 2 ' with the inter-stellar medium)

.+ ejecta moving >100x faster
than CSM, sweeps over
millennia of evolution history
N Just years

"+ rare to see because needs
dense CSM (e.g., a million
times higher mass loss rate

s .+ than the solar wind)
S / "~ + because CSM can be from
. ?hOCL(" st e TR | v 47 , " binary processes, there is a
excited _g@ 1t 7 gL A0S 8 g G |
k- aline) PR WKL e B TR St i s |otto be learned!
c » ’.. . . 3 ¢ ‘ . ¢ . ‘ ' ..'



WM . Wi . gg@  circumstellar

clecta T Lk ¢ oW R interaction
(radioactive w . .. W ' (illustrated by a supernova interacting

- decay x-rays) AR with the inter-stellar medium)
..+ .~ .+ impact of fast ejecta with

' ' slow surrounding gas drives
a shock

- * Inshock region there are
'+ & magnetic fields and (thus)
| relativistic electrons

'+ emits at many wavelengths:

” Gt . + X-ray (free-free, inverse compton,
: g synchrotron, lines)
i ¢ + optical/uv (lines, thermal
shock . il G . . | e ‘ o continuum)
excited  pwp il ' oRRls e W Oy R + infrared (if dust formed)
Haline) . il e ‘ T T, 5 . -

oo N e €. oo W oA o *+ radlo (synchrotron)



s T g e b . ..
ejecta | ," | ‘. . .
- (radioactive : ? e it |
 decay xrays) s - tnhesis goals

TS *.. %, .+ expand computational models
‘ ..* .. -, beyond continuous, steady

¢- ° wind off progenitor surface

+ short-duration interaction

e : -'3 “++ delayed interaction
; " ~+ non-spherical interaction
W . -+ predict non-thermal radiation
i .+ .* signatures and optical line
w T . * ©+  luminosities
shock’ ‘- : 3

(eXC|ted . o.. ; ™ . '. : .... s @ " f..:‘ ; X ; g o Yo ,
Ha line) The W oo 0ouds or g i " s W
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2D hydrodynamic simulation from McDowell, Duffell & Kasen, in prep
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* hydrodynamics (solve conservation
equations)

 moving mesh (Lagrangian)

o 3D: Rayleigh-Taylor instability,
MIXING



2.0

1.5

1.0

0.5

-2.0

t=1.5 day
2D hydrodynamic simulation from McDowell, Duffell & Kasen, in prep
-20 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
[101° cm]
-8 -/ -6 -5 -4 -3 -2 -1 O 1 2 3 4 5

logP [erg s~! cm™3]

HPC

* hydrodynamics (solve conservation
equations)

e moving mesh (Lagrangian)

o 3D: Rayleigh-Taylor instability,
MIXing

radiation transport

e |Onization states

e electron (level) states

e photon transport (monte carlo)

— multi-band light curves, spectra



confined circumstellar shell
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peak radio luminosity

tool for interpreting observations

observation probability
map
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Krell esp. for putting up with my inability to do paperwork
DC folks (for funding us
NREL ¢for a great practicum

lOWS (for being cool

... Peter (esp. for stopping in the Alps

— —, S —— e = 0 " L W B — 1 17— — —— .77 75, 0 " o . —— " A W% 5\ W55 7 0 G 7 T A N WY W2 4 W e  —— e e e . —— . m— |




