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THE SN 1967A ENVIRONMEN'T

After and before explosion (AA0)
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THE SN 1967A ENVIRONMEN'T

SN 19874 + Honeycomb Nebula (ESO) WO DY)
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FIRST EVIDENCE OF CIRCUMSTELLAR GAS
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THE INNER

-

— - .

Line lightcurve models (Lundquist & Fransson 1996)

* Densities range between (0.6 — 3.3)x10* cm™.

* Burst: 500fulll (Ensman & Burrows 1992)

* Abundances: He/H = 0.25, N/C = 5.0, N/O = 1.1,
(C+N+O) = (He + H +Z) = 0.30 solar

* Radius: 6.3 x 1017 cm and Ionized mass: 0.045 M,

* N V A1240 is the only resonance line — requires further
constraints to be successfully modeled.
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No surprise that
500fulll and 14E1 e :
by Blinnikov et al. 136 2 e 2 as e e

(2000) gtve very ) , \
ST : Same as in Lundqvist & Fransson (1996), but with updated
atomic data and with new burst.
the butst 0OW g s s o « Solid lines: Blinnikov et al. (2000) 14E1 busst.
fully constrained?  vsimew « Dashed lines: Ensman & Burrows, 500fulll (1992).
R * Densities range between (0.6 — 3.2)x10* cm.
S » Abundances: He/H = 0.25, N/C = 4.5, N/O = 1,
(C+N+0) = (He + H +7) = 0.29 solar
* Radius: 6.2 x 10'7 cm.
* N V A1240 not so well modeled
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IF we believe the burst is fixed we can use the ring
to test atomic data:
¢ Dashed: Old data for N VI = N V dielectronic Could also signal that we have left out a low-
recombination. (Used in LF96.) density component
 Solid: Data from Nahar & Pradhan (1997). 50%
lower at 10° K.
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THE INNER RING AT LATER EPOCHS
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* Densities: 3x10* cm™, 3x10% cm™ and 1x103 cm.

* Abundances: He/H = 0.25, N/C = 4.5, N/O =1,
(C+N+O) = (He + H +Z) = 0.29 solar

* Radius: 6.2 x 10'7 cm.

Laght curves_for many more lines (Mattila et al. 2010)
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THE INNER RING AT LATER EPOCHS
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Laght curves_for many more lines (Mattila et al. 2010)
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THE INNER RING AT LATER EPOCHS

Elemental Abundances

Foctre=t Solarf AGEY) SolantGASOT MO+ IMOX-re ) LMOHOT)  SIAK v D)) S7AIXK-rayZ)  STAILF9S)  Thos Work
He 10.930001.*) 10.93(0.01,%) 10.9800.03) - . . - 11.80 1123% '."
C R SE004) £.39(0.0%) S0s0.08) 175 1.51

N 050004 T.78(0.06) 7.1480.15) . ns0 TAND.D TRI006) 826 447, "_
O 9300 EAG10.05) S350.06) £21(007) 835 TASI0.06 TRS(008) 820 8.2 ,'.'.
No 001 TR40.05) T61{005) T55008) 7.56(0 7.5500.05) AR L)

S 1.210006) 7.14(0.05) 6.70{0.08) TN0.13) 56000 6530009 T.425%%
As 6.5600.10) 6.18(0.08) 6290.25) .. . . 6.29 .. 623
Ca 63450002 631004 SEN0.16) . 585 - 651

Fe TAT003) TA50.05) T230.14) T0K0 D) 5008 697002 658", '.:

Notes, The clemental abundances are = wmits of 12 + log{=(X)/n{H)) s=d the ormors aee given in parentheses, The abundamor estimnaies from thos work are the sverage
of the estimales from differeat emssion lines (soe Tade 6) aad the quoted enrars e the sandand devations. The namsber of exsission lines wsed for cach average
sheadance & given in Column 11 (*) GASDT, Geevesse et al. (2007) (values afe for photosphieric atundaaces). AGEY: Aaders & Grevesse (1589). (o) Russell &
Dopita (19923 H: Heghes et al, (1958) D: Dewey et al. (2003), HO?: Hunter et ol (2007), Z: Zhekov et al. (2009), LFSS: Lundqgvist & Frazsson (1596)

(Mattila et al. 2010)

* Abundances: He/H = 0.17%£0.06 and N/O = 1.5%0.7.
* With N/C =5 from Lundqvist & Fransson (19906)

(C+N+O) = (He + H +Z) = 0.33 solar (Anders & Grevesse 1989)

(C+N+O) = (He + H +Z) = 0.60 solar (Grevesse et al. 2007)

(C+N+O) = (He + H +Z) = 1.6 LMC (Russell & Dopita 1992)
* Fe abundance is ~0.2 solar (Anders & Grevesse 1989) or ~0.3 solar (Grevesse et al. 2007).
* In general we obtain higher metal abundances than X-ray findings (e.g. Zhekov et al. 2009)
¢ Total ionized mass is ~0.058 M,
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THE INNER RING AT PRESENT EPOCHS

Narrow-line light curves (Mattila et al. 2010)
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* A 4th density 0.018 M, component (10? cm™?) added
to explain late emission.

Why a 107 em™ component?




INSIDE THE INNER RING

=~ Sheck Front

Free Wind
(RSG)

Free Wind ~
(BSG) ~ Equatorial Ring

Chevaliwr & Dwarkadas (1995) &
Talk by Dwarkadas
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* Photoevaporation of the cool shell

* H II-region has a density of around 102
cm. Helium neutral (Lundquvist 1999).

* BSG wind: < 10®% M, yr'!

* Broad region of H Il-region (roughly half
of ring radius)
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INSIDE THE INNER RING
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2001 Sept 20 B0 ksex FUSE observations around

O VINI032 (Sonneborn et
al. in prep.)
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THE INNER RING AT PRESENT EPOCHS

Narrow-line light curves (Mattila et al. 2010)
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* One more source needed at late times..

1 he ¢jecta/ring interaction!




WHEN THE SN EJECTA REACHED THE INNER RING

Forward Shock -
Refected Shock

Cortact Discontinity

Aeverse Shook <

Michael et al. (2000)

Talk hock by France!
Evolution of ring spots until 2007 (SAINTS collaboration) s R

(Furst spot seen in 1997.)
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WHEN THE SN EJECTA
REACHED THE INNER RING

(Talks on X-rays by Park
& Larsson)
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Allen et al. (2008)
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EJECTA/RING INTERACGTION
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EJECTA/RING INTERACGTION
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EJECTA/RING INTERACGTION
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Evolution and diagnostic (day 5704) of the
narrow velocity component from the northern
part of the ring (Griningsson et al. 2008ab)
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EJECTA/RING INTERACGTION

Ratio map [0 III] (2006) / [0 III] (2003)
(SAINTS)

Borkowski et al. (1997)
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AWAY FROM THE INNER RING
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Structure of the reverse shock

(Michael et al. 2003)

(Talk by France!)
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THE RING SYSTEM

bl .
St o
¢

Grotts & Heatheote (2000)

®
i)

o0
2,
-

VLT Observations (FORS + UVES)
(Tziamtzis et al. 2011)
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THE OUTER RINGS
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Simple model for the
geometry of the ring
System:

® Rings intrinsically circular

* Motion close to ballistic (a =
21.5km/s,b =223 km/s, c =
243 km/s,d = 21.1 km/s).

* Rings have their normal vector
in x-z plane.

e Should intersect M1 and M2
(from Maran et al. 2000).

¢ Assume a distance of 50 kpc.

Result:

* Inclination angles of NOR, ER
and SOR are: 45°, 43° and 38°,
respectively.

* Both NOR and SOR are
shifted westward with respect to
the SN.

* Distances to M1 and M2 are
1.65 x 10'® cm and 2.05x10'® cm.
(Not both 2.0x10'® ¢cm as in
Maran et al. 2000).




THE OUTER RINGS

Southern outer ring spectra in 2002
(Tziamtzis et al. 2011)
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THE OUTER RINGS

Table 8. Compilation of plasma cGaagnostics for the outer rings of SNISETA

Epoch Corrected epoch®  Ring N, (em™) Diagnostic Relerence
N 2192 SOR  <1.3x 107 Q11 Panagia et al. {15906)
P 2217 NOR <l.3x 10 O] Panagia et al. (154906)
282 3099 NOR  «<22x 10 (S 1) Maraz et al. (2000)
4282 22 SOR  <Lox 10 (S 1) Marazn et al. (2000)
$702-5708 450249508 SOR  <LOx 10 (o) I'his paper
$702-S708 45024505 SOR (1.00-1.10) x 10¢ INTI) Thas paper
ST02-S705 49024905 SOR (1.95-2.00) x 10¢ 1010 Thas paper
§702-S708 49344937 NOR -1.2x 10° N11) This puper
§702-S705 40344937 NOR -2.7x 10° 1011 This paper
5791 299 SOR  <33x10 (S This puper
5791 9) SOR (1.3-14) x 10¢ N1 This puper
791 991 SOR ~ 2.8 x 0¥ [0 I'tis paper
7544821 7188.7X SOR  «<235x 10 (o) I'his paper
75448121 71887 SOR  <30x10 (S 1) This paper
75448021 71887 SOR (1L15-1.28) x 10¢ N1 This paper
75448121 T176-724! NOR ~1.2x 10" IN11] This paper

Notes. "' [n days. Comrecied for kghe-travel time. '™ Allowizg for a higher temperature than Panagia et al

(Tziamtzis et al. 2011)
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THE OUTER RINGS

Some findings:

® From H-alpha decay; density as high
as 5x103 cm™. From forbidden lines <
3x10° cm.

* Area 4 (T1) is redshifted by 6 km/s
compared to the model.

* Density and temperatures are similar
for the two outer rings.

* When the SN shock reaches the
outer rings, the cloud shock may not
be radiative as for the inner ring,

* The densities are somewhat higher
than that of the inner ring, assuming
simple “ballistic” expansion.

For a current radius of the blast wave in the direction of the
ORs of ~10" ¢m, the collision with the ORs in areas | and 4
would occur in ~95 (3x 107/ Vi) years. There is, however, con
siderable uncertainty in the mass distribution of the circumstellar
malter in the direction lowards the ORs, so a collision with the
ORs may occur much earlier than in ~100 years, and may only
be £20 years away, especially in those parts of the ORs which are
closest o the supermnova. According to Sect. 4.1 this is likely o
be the southeastern part of the NOR. Furthermore, the supernova

HST photometry
(Tziamtzis et al. 2011)

Southern outer ring; Area 4 Northern outer ring; Area 1
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THE OVERALL STRUCTURE

N V A1240 scattering.
Could be an important probe of the geometry.
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FORMATION

Figure 10. Mass endancements in the cjocta flow, corresponding to merger models for SN IGSTA [Jeft-basnd pasel, Model 1 fram

soction 3.1 with a - 0.33 and ¥ = 0.817) and Sheridan 25 (right-hand paned; Model 2 from soction 3. itk a 0.L30 and J - 0.665).

The salid curves give the locations that contain S0 of the mass cjected at a particular solid angle at the time as indicated (in code

(M. ~M:=20M,, P ~ 10yr), : : :
(M 2= 207 .~ 10y7) Morns & Podsiadlowski (2005)

Further ssmulations needed!
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