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SNR AS PROBES OF PROGENITOR EVOLUTION
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\OGENITOR EVOLUTION
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OPTICAL VS X-RAY EMISSION

Optical emission arises from dense knots
and is often times transient:

tknot ~ tcool ~ tKH ~ 30 yr

Cas A- 1951 - 2012 (Patnaude & Fesen, 2014)
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OPTICAL VS X-RAY EMISSION

Optical emission arises from dense knots
and is often times transient:

tknot ~ teool ~ tkH ~ 30 yl
I~ 20 yr At 2 20 yr
= 0.1 pc 0

unshocked clumps
v ‘

unshocked diffuse
ejecta

shocked clumps

'1\

shocked diffuse
' cjecta Cas A- 1951 - 2012 (Patnaude & Fesen, 2014)

increasing T, & net
—

reverse shock

density (arbitrary scale)
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OPTICAL VS X-RAY EMISSION

Optical emission arises from dense knots
and is often times transient:

tknot ~ tcool ~ tKH ~ 30 yr

X-ray emission generally arises from
more diffuse ejecta, and for typical SNR
and CSM densities, is not an efficient
coolant

troc ~ 10M /0, s

tchar ~ 1011 S

Cas A - 2000-2017
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OPTICAL VS X-RAY EMISSION

Optical emission arises from dense knots
and is often times transient:

tknot ~ tcool ~ tKH ~ 30 yr

X-ray emission generally arises from
more diffuse ejecta, and for typical SNR
and CSM densities, is not an efficient
coolant

lrec ™ 1012/”@ S Ejecta_remains_b_right in X-ray for
centuries after it is shocked

tchar ~ 1011 S

Cas A - 2000-2017
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PROGENITOR MODELS TO SNRS

* Model SNe ejecta to ages of remnants
e Compare bulk dynamical and specitral
characteristics to observations
* The only assumption made is about the
circumstellar environment
* la models assume a constant density
e CC models assume a power law in
radius
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PROGENITOR MODELS TO SNRS

Model SNe ejecta to ages of remnants
e Compare bulk dynamical and specitral
characteristics to observations
The only assumption made is about the
circumstellar environment
* la models assume a constant density
e CC models assume a power law in
radius

Models evolved to SNR ages show broad
spectral agreement
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PROGENITOR MODELS TO SNRS
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PROGENITOR MODELS TO SNR

* Model SNe ejecta to ages of remnants 0

e Compare bulk dynamical and spectral
characteristics to observations
* The only assumption made is about the
circumstellar environment
* |la models assume a constant density
e CC models assume a power law in
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SNR vS PROGENITOR/EXPLOSION PROPERTIES:

Lx (Fe-K) tsnr ~ 80 yrs

Extended Progenitor Compact Progenitor
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SNR vS PROGENITOF

E(Fe-K) tsnr ~ 80 yrs

Extended Progenitor

ASTROPHYSICS
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SNR vS PROGENITOR/EXPLOSION PROPERTIES:

Lx (Fe-K) tsnr ~ 540 yrs

Extended Progenitor Compact Progenitor
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SNR vs PF

E(Fe-K) tsnr ~ 540 yrs

Extended Progenitor

x10~6
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SNR vS PROGENITOR/EXPLOSION PROPERTIES:

E(Fe-K) tsnr ~ 540 yrs

Extended Progenitor Compact Progenitor
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ENVIRONMENTAL METALLICITY EFFECTS

NGC 7793 & : "NeCE® o= '.o'

Despite an inferred SN rate of ~ 1 per
century, surveys of nearby galaxies falil
to detect the population of young and
middle-aged SNR

2 possible reasons for this:

1: SNR expand into a low density and PO L
relatively unmodified environment which B -
is the result of weak progenitor winds Sl

- the SNR are thus low surface P 4

brightness and dynamically young T sl -

2: SNR expand into a high pressure, e S e
metal-rich environment g e R

- the SNR evolve quickly to the LCO Southern Hemisphere SNR Survey

radiative phase
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ENVIRONMENTAL METALLICITY EFFECTS

M x Z°
1 .
Lw:—Mv?U
2

R(t) < L5 o Z%/5

ANT)x Z

tcool ~ tkin X 4

MASSIVE STARS & SNE

1+a/2

Phenomenologically, higher mass loss rates
lead to higher wind luminosities and slightly
larger wind blown bubbles

However, the wind-blown shell will cool on a
shorter timescale, resulting in radiatively
cooled shells of material closer to the
progenitor

In the lower metallicity case, the opposite is

true - winds are weaker, but the cooling time
Is longer, allowing the wind blown bubble to

grow to a greater size before it cools
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METALLICITY, PROGENITORS, AND SNR

R(t) oc M~V (15) o g—a/(n=)
R(t) oc Z=/®
teoo] O p;r?l{)17 x M—9/17 X Z—9a/17

Lx xn?A o z%ot1
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Stars with expanding into higher
metallicity environments will result in
smaller diameter SNR in both the ED
and ST phases

The transition to the radiative phase
will occur on a shorter timescale as it
scales inversely with the metallicity

SNR will be brighter and more
compact and appear older, while
remaining dynamically young
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METALLICITY, PROGENITORS, AND SNR

Stars with expanding into higher

R(t) X M—l/(n—S) X Z—a/(n—s) metallicity environment.s will result in
smaller diameter SNR in both the ED
— T ph
R(t) x 7 a/5 and ST phases
tcool X ,0_9{)17 X M_9/17 X Z_QO‘/17 The transition to the radiative phase
ati will occur on a shorter timescale as it
Lyx x n’A o Z%T! scales inversely with the metallicity

SNR will be brighter and more
compact and appear older, while
remaining dynamically young

The lack of young, ejecta-dominated SNR in the local universe appears to be due to the
host galaxy metallicity - higher Z environments encourage a rapid transition to the radiative
phase, while lower Z environments result in SNR which remain in free expansion for longer
times
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