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X-Ray Supernovae (1995)

Table 3. Supernovae detected in the X-ray band.

Date of B magnitude: SN Galaxy X-rays first Satellite
SN name Galaxy  optical max at max type distance® observed  used X_ R ay E m | SS | on fr om
SN 1978K NGC 1313 ~1978 June 10® ~13 IIL 4.5 Mpc +~12.1y ROSAT, Asuka h I I

~1978 May 25b ~14.5 1p rnov (
SN 1980K NGC 6946 1980 Nov 5 115 IIL 5.1 Mpc +35d Einstein Su pe O ae Sc ege 1995'
SN 1986] NGC 891 1983 Jan?® ? [fpec 9.6 Mpc ? ROSAT H H
SN 1987A wmc 1987 May 9 35 IIP 50+ 3kpc +154d  Ginga Reports on Progress In PhySICSI
SN 19933 NGC 3031 1993 Apr 18 11.4¢ Ilpec 3.63+0.34 Mpc +5d ROSAT, Asuka, GRO

58, 1375)

* Distances from: SN1978K, deVaucouleurs 1963; SNI1980K, deVaucouleurs 1979; SN1986J, Tully 1988;
SN1987A, numerous; SN1993J, Freedman et al (1993).

b Assume each type I subtype, matching optical light curve to average SN 11 optical behaviour to derive date of
maximum (Ryder et al 1993a).
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SN 1996c¢r (Hydro and X-ray)
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1996¢r - Comparison with X-Ray data

L_X in Energy bands [10°39 erg/s]

SN 1996¢cr: VYH1 Model X—ray Light Curves (from files: 96cr_mar24/wrbubinnn)
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1996c¢cr - Xray spectral evolution
(Blue - CSM; Black - Ejecta; Red - Total)

Flux {0.5-8 keV) = 2.6505 1630 erg/s (96cr_mar24/wrbub.1001) Time = 0.32426 yr.s
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SN 1996¢r (Comparison between
Observed and Simulated Spectra)

HETG—0O0 Data (Black) with Mar24—i34—Hydro Model (x1.36, Red)
XMM—01nb Data (Black) with Mar24—i42—Hydro Model (x0.79, Red)

F . =
- 1 T
I T g F =
3 ] o
[ ] 2
L 4 S
(2]
L i ~ =
Zaot
L ‘ T c o
ﬁ | g
(&)
J i
L ] o
[ i o F 7
Ne Mg s S Ar ‘ Ni B Ne Mg Si S Ar N
L. |. Al |_| [ Il J [ L. . i A I 1L° 1 NN ) Ll
HETG—09 Data (Black) with Mar24—i7g—Hydro Model (x1.13, Red) 1 2 5
Energy [kev]
i T = —
N ] o F T B
i i I l | ]
i | ‘ ‘ I H ”\ |
_ i |
B o ] -
] T oE * ol [e | E
4 < r 1l ] 1
] ot J ‘ Fl e I ]
) E F i b
_ £ | i | | i
Q
_ 8 _
M
- I
] 2F E
Si S Nj r Ne Mg Si S Ar Ca Nj
IL | I 1 [ L I\ I I | L . . i A
1 2 1 2 5

Eneray [keV] Eneray [keV]



Counts keV !

40000

35000

30000

25000

20000

15000

10000

5000

0

—— H - like Si (MEG)
—}— H - like Fe (HEG)

X 15

I
—

|
-

Tt

1
1

o=

+]

I
1
|
I I I i I I
8000 6000 4000 2000 0 -—-2000 -400
y

Velocity [km/s]

0 —6000 —8000

Asymmetric line
profiles of H-like
Si and H-like Fe
profiles from
2009 HETG
image.

1. Profiles are
clearly
asymmetric

2. Distinct
profiles
imply
different
physical/geo
metrical
origins



Shellblur Convolution Model

“shellblur” - spherical geometry parameterized by maximum
velocity inclination angle with respect to the line-of-
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Best-Fit
Model
M5

(two temperatures,
two polar
geometries, two
absorptions)
compared to the
2009 epoch
spectra.

Close-up spectra of
all detected H-like
and He-like
emission complexes
and their residuals
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Geometry
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Conclusions

SN 1996cr is a clear example of a SN expanding within a wind-blown
bubble, similar to SN 1987A.

Numerical hydrodynamic simulations, combined with synthetic spectral
calculations, enable us to excavate the SN environment, trace the
evolution of the shock wave within the circumstellar medium (CSM), and
hone in on the SN progenitor.

The superb HETG 480 ks spectrum allows resolution of velocity profiles of
Ne, Mg, Si, S and Fe lines.

For once we can accomplish in X-rays what SN optical astronomers do
regularly - explore possible geometrical models to describe the line
profile, provide new insights into the SN morphology, and monitor the line
evolution as a tracer of the ejecta-CSM interaction.

We find that the data are best fit by two components — a hotter
component with high NH and a narrow polar angle, and a lower kT
component with lower NH and wider polar angle.

We tentatively identify these as consistent with the reverse shocked ejecta
and forward shocked CSM.



Questions & Discussion



