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SNe and SNRs

2

O-rich SNRs
metal-rich, radiative

CasA
Puppis A

N132D
E0102

X-ray SNe* 
Ic, II, IIb, IIn, IIP, IIL 

SN 1987A
(binary?)

SN 1993J
(binary)

[*] Immler & Lewin '02

(+ SN 1996cr )

G292

0540-69.3
"NGC 4449"

Core-collapse

IIb

IIn

IIP

IIb



Dewey ~~ MSSL Workshop No.3 on High Resolution X-ray Spectroscopy ~~ 20 March 2009

Cas A with the HETG

Lazendic+ (2006)

17 Bright Si knots/features

Measure Doppler shifts

-2500 to +4000 km/s

Si line ratios too
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0.5 to 2.3 keV  (Dewey+ 2007)
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Cas A Si lines

4

He-
like

H-
like

HEG +1

HEG -1

MEG +1

MEG -1



Dewey ~~ MSSL Workshop No.3 on High Resolution X-ray Spectroscopy ~~ 20 March 2009

Cas A: v to z
Plot l.o.s. velocity
vs 2-D radius from
expansion center

"Hubble-like" expansion

|v| ~ r
circles of const v,r
0".032 per km/s

--> 0.19 %/year
Same as forward shock
(DeLaney+ 2004)

So, assume Z ~ v_los
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Cas A Knots in 3D

Use Z to locate the
knots/features in 3D

View the SNR from
other vantage points
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Cas A X-ray Doppler
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Markert+ (1983)
Hwang+ (2001)
Willingale+ 
(2002)
Lazendic+ (2006),
DeLaney+ (2009) DeLaney, Willingale
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DeLaney's 3-D Cas A !

Si XIII,XIV: HETG     Fe-K: Chandra 1 Ms
Si II, Ar II:  Spitzer IRS (Long-slit spectro'er)

http://chandra.harvard.edu/photo/2009/casa2/
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Si rasins
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Cas A and SN 1987a
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Images
are on
the same
length
scale

and
E0102
too
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Cartoon of Cas A
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FS ISM
~ 1 cm-3

RS

NS

*  FS and RS
well developed

*  FS moving into
relatively low 

density material

Shock-heated ejecta
w/~ Homogeneous

sub-regions
e.g., O-rich, Si-rich, 

Fe-rich
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Cartoon of '87A
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*  Beginning to interact
with the dense ER

*  X-ray emission from FS
*  No/few X-rays from RS ?

FS, now

FS

Hii
102 cm-3

RS

SN

104

 cm-3

Side view
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'87A with HETG, 360ks
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'87A is resolved

Ring diameter ~ 1.7 "

ACIS monitoring program: Burrows(PI)

Park et al. 200X papers

--> Spatial - Spectral[Doppler] effects
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Model Model w/PSF The DATA
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Effect of Ring Vel'ity
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A good idea:
* Zhekov et al. 2005
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Line shapes in HETG

Model
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Data
Model

MEG  minus

MEG  plus

HEG  minus

HEG  plus
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'87A: Measure V_Ring 

V_ring ~ 200 --- 500 km/s , Dewey+ 2008
Confirms ring expansion from shock
Velocties are somewhat lower than
simple shock equation gives from the Temps.
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'87A: It's not over yet
Interaction with the Equatorial Ring is
continuing.

Likely growth of reverse shock emission.

Inter-protrusion emission.

Interaction with other mass/
structures,
e.g., Outer 
Rings.

Target for
  IXO 
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IXO ~ View of CasA
High-res spectrum
of each knot/feature

Kinematics of many
elements: Si, Mg, Ne, Fe
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Thank you
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