SN1987A: THE X-RAY REI\/INANT o
AT AGE 25 YEARS
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SN 1?8:}’4 LWasS an/‘?ae

First nakecL-ege SN since 1604 (Kepler)

Known distance: (51.4 +1.2) l<l:>c (Panagia+99)

Known tgpe: Tgpe lI-P core~co”al:>5e (neutrino burst)
Known explosion date/time: 23 Feb, 1987 at 07:36 UT
Known Progenitor: 1% -69 202, B3I (blue supergiant)

Observations cover the electromagnetic sPectrum + neutrinos

Visible (HST) X-ray (Chandra) Radio (ATCA)  NIR (Gemini)
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SN 1952A evolwdion

HST CHANDRA ATCA GEMINI . Ra&io/X~rag emission
12 um began ~ 1200 d after

‘ 5 explosion
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Cartoon of inferred structure (SHO/CX C)

EQUATORIAL RING

HOT FINGERS

FORWARD SHOCK WAVE

HOT GAS

REVERSE SHOCK WAVE

COOL EJECTA

Michael+98




X —ray/ evolwtion (Chandra)
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Soft X-ray flux (cgs, 0.5-2 keV)

v = 7800 +/- 900 km/s

v = 1720 +/~ 160 km/s UPturn in the light curve ~ dag 6500

Linear increase from 6500 — 8500 (Dec
2004 — June 2010)

Nearlg constant since June 2010

Expansion rate slowecl = clag 6000
(Aug 200%)

05 Burrows+2000, Park+02,04,05,06,11,
4000 5000 6000 7000 8000 ZthOV‘*‘OiOé)O%]O) etc.

Days after explosion




X-ray and Aadio //3/75 CUrVeS
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» Soft X~rag Ilght curve 1s

. linear before clag 5000,

Chandra ,‘ 1 can be fitted bg interaction
(0.5 -2 keV) /,...-6 1 with exl:)onential clensii;?
1 e

/' FOFilC ‘FOI’ over a CICCB

Hard X~rag Iiglﬂt curve

Iy | tracks ATCA radio LC,
+f } o . roughlg cxPonential.

& 1 Ratio of hard X~rag/ Radio
Chandra . IS nearlg constant. Both
CERN A 1 dominated bg shock in
rclative|9 low clensitg gas
(n~100.
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Opf/ca/ evol/wtion

Ejecta light curves
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Sjecta light curve before clag 4500
ominated }:)g radioactive clecag of +Ti

After dag 5000, dominated bg absorption
of X~-rays from shocked inner ring

Larsson+11




Kadio/Optical/X-ray /ight curves
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T evolwdion

Dwek+10
MIPS (24 um)
IRS (5-30 um)
X-ray flux ] T—ReCS (10.4 um)

IR flux
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flux Matsuura+11

Mid-IR flux (Spitzer) tracks X~ra%

suggesting that mid-IR arises in silicate o
dust heated to 180K bg collisions with " Ring dust

shocked X~rag emittinggas in the inner ]
ring [Dwek+10]. Inefficient dust formation

in the ring.

Ejecta dust

Far IR emission (Herschel) appears to be
from 20K dust in the ejecta Matsuura+ii].
Efficient dust formation in ejecta.




Ear/y X-ray spectra

Single Temperature Fit

0.1

2002-12-31 -

N, =1.7x 102" cm™

kT =2.2-2.5 keV
nt=3.3x10"%cm3s

Low abundances (0.1-0.5)
n, =160~ 230 cm3

Photon flux
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>Z//\9/7 resolwtion X —ray Specz‘roécO/oy

Chandra X-ray Spectrum of SNR 1987A
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. Line wiclths are narrower than exPected 1Cor measured temperature
= Bulk gas velocities are slower than expectecl: 300 — 600 km/s

= X~ra9 emittinggas has been shocked by both forward and reverse shocks [Zlﬁekov
+04, Zhekov+09]

. Verg broad comPonent => fast shock in HII region out of equatorial Plane (Dewegﬂl}




Phyéz‘ca/ mode! based on /7{9/7—?35 Spec.

t=8800d

] Ejecta Plateau

Temperature (K)
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Emission components: Shocked Hil Reverse-shocked ejecta  Shocked ring  High-latitude 8.6 GHz

Dewey+12



777.9, Fuldiure of 5/\/1?874

e Has the shock Passe& through the entire inner ring?
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Data:

= e ACIS (0.5-2 keV) (3-10 keV/)
[ & very-broad flux
¢ ROSAT and XMM (0.5-2 keV)

Hydro fluxes (scaled):

"HII" region (x0.26, 0.5-2 keV)
Dense ER, (x0.0016, 0.5-2 keV)
3-10 keV : HlI
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Sammary

Chandra observations of SN 1987A:
Expansion of the X~r39 remnant at = 1700 |<m/s

Multiple spectral comPonents that can be fit with a
combination of shocked equatorial ring, shocked HII, and
reverse shocked ejecta

No sign get of a compact remnant (NS or Pulsar)

Leveling off of the X~rag Hux ma signal a decrease in the
ring clensitg — have we reached the limit of the inner ring?
What lies begon& it?

ALMA wi” be able to resolve the remnant — should Provicle
very interesting data in next year or two



