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"The fact that we do not know vyet
what are the progenitor systems of
some of the most dramatic explosions
in the universe has become a major

embarrassment and one of the key unresolved
problems in stellar evolution”.

M. Livio (2000)
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"the progenitor issue can be solved by

(better and new) observations only”
W.H.
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The SN-CSM interaction methods
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® No radio detection down to the VLA detection limit
(Panagia 2006).
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® No radio detection down to the VLA detection limit
(Panagia 2006).

@ No normal Type Ia has been detected in X-Rays. The
only exception was 2005ke (Immler et al. 2006), a
sub-luminous event for which there was a 3.6-sigma
detection, but no radio emission (Soderberg 2005). See
re-analysis by Hughes et al. (2007).
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® No radio detection down to the VLA detection limit
(Panagia 2006).

@ No normal Type Ia has been detected in X-Rays. The
only exception was 2005ke (Immler et al. 2006), a
sub-luminous event for which there was a 3.6-sigma
detection, but no radio emission (Soderberg 2005). See
re-analysis by Hughes et al. (2007).

@ No narrow H/He emission line has been found in any
normal Type Ia (Mattila et al. 2005). Exceptional cases
do exist (Hamuy et al. 2003, Aldering et al. 2006, Prieto et

al. 2007). But, if any, they must be rare (Panagia et al.
2006).
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only exception was 2005ke (Immler et al. 2006), a
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® No radio detection down to the VLA detection limit
(Panagia 2006).

@ No normal Type Ia has been detected in X-Rays. The
only exception was 2005ke (Immler et al. 2006), a
sub-luminous event for which there was a 3.6-sigma
detection, but no radio emission (Soderberg 2005). See
re-analysis by Hughes et al. (2007).

@ No narrow H/He emission line has been found in any
normal Type Ia (Mattila et al. 2005). Exceptional cases
do exist (Hamuy et al. 2003, Aldering et al. 2006, Prieto et

al. 2007). But, if any, they must be rare (Panagia et al.
2006).

3x1078 Mgun Y1t (Vwing=10 km s7);
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Ejecta-CSM interaction has been invoked
as a possible explanation for the high velocity
components seen in the spectra of some Ia:

SN1999ee (Mazzali et al. 2005)
SN200lel (Wang et al. 2003)

SN2003du (Gerardy et al. 2004)
SN2005cg (Quimby et al. 2006)
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Ejecta-CSM interaction has been invoked
as a possible explanation for the high velocity
components seen in the spectra of some Ia:

SN1999ee (Mazzali et al. 2005)
SN200lel (Wang et al. 2003)

SN2003du (Gerardy et al. 2004)
SN2005cg (Quimby et al. 2006)

But these features can also be explained by a 3D
structure of the explosion (Mazzali et al. 2005)
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Observation of SN Remnants

Kepler SNR

Interaction with non
uniform CSM. Younger?
More massive progenitor?

If vw>200 km s7, large
cavities are excavated
by the WD accretion winds.
Do we have an issue there?

Badenes et al. 2007; Reynolds et al. 2007
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The case of entrained material Q
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The case of entrained material

The impact of ejecta on the companion star is
expected to strip its envelope. Part of it becomes
entrained in the ejecta and should be observable

(Wheeler et al. 1975, Fryxell & Arnett 1981,
Taam & Fryxell 1984, Chugai 1986, Livne et al. 1992,
Marietta et al. 2000, Meng et al. 2007)
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The case of entrained material

The impact of ejecta on the companion star is
expected to strip its envelope. Part of it becomes
entrained in the ejecta and should be observable

(Wheeler et al. 1975, Fryxell & Arnett 1981,
Taam & Fryxell 1984, Chugai 1986, Livne et al. 1992,
Marietta et al. 2000, Meng et al. 2007)

The non-detection rules out systems with secondary
stars close enough to the WD to be experiencing

RLOF at the time of explosion
(Leonard 2007)
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Having these emissions requires a direct interaction
between the fast moving SN ejecta and the slow
moving circumstellar material.
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Having these emissions requires a direct interaction
between the fast moving SN ejecta and the slow
moving circumstellar material.

What if there are cavities around the SN?
(nova-like evacuation mechanism
Wood-Vasey & Sokoloski 2006)
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Having these emissions requires a direct interaction
between the fast moving SN ejecta and the slow
moving circumstellar material.

What if there are cavities around the SN?
(nova-like evacuation mechanism
Wood-Vasey & Sokoloski 2006)

Are there any other methods?
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1. Direct observation of the companion star

Ruiz—Lapuen’re et al. 2004 (but see Kerzendorf et al. 2009)
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1. Direct observation of the companion star

Ruiz-Lapuen’re et al. 2004 (but see Kerzendorf et al. 2009)
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2. Direct observation of the Progenitor System ?

SS X-Ray Source

discovered in pre-explosion
Chandra images of the
SN20070on location

Voss & Nelemans 2008 (but see Roelofs et al. 2008)
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2. Direct observation of the Progenitor System ?

SS X-Ray Source

discovered in pre-explosion
Chandra images of the
SN20070on location

need for archival images

Voss & Nelemans 2008 (but see Roelofs et al. 2008)
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3. Not through hydrogen: yet another method?
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;

SN1992A Kirshner et al. 1993
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;

@ If there is gas, we might see it in absorption in some
strong optical transition (CaIIH&K, NaID, KI);
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;

@ If there is gas, we might see it in absorption in some
strong optical transition (CaIIH&K, NaID, KI);

@ If this gas is close to the SN, it might feel the
radiation field (time evolution?)
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3. Not through hydrogen: yet another method?

@ UV line-blocking by Fe/Co/Ti/Cr UV in Type Ia;

@ If there is gas, we might see it in absorption in some
strong optical transition (CaIIH&K, NaID, KI);

@ If this gas is close to the SN, it might feel the
radiation field (time evolution?)

@ If it is too close, at some point it might be swept
away by the ejecta;

OK, let’s obtain multi-epoch, high-res
spectra for the next nearby SN Ia
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SN2006X - February 4, 2006
a normal Type Ia (Quimby et al. 2006)
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SN2006X - February 4, 2006
a normal Type Ia (Quimby et al. 2006)
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2006X vs. 2002bo
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Dec (areminutes) from 16° (1950)

25 <0

RA (seconds) from 12"20™ (1950)

Canzian & Allen (1995)

The disk of M100
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Dec (areminutes) from 16° (1950)

25 <0

RA (seconds) from 12"20™ (1950)

Canzian & Allen (1995)

The disk of M100
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Dec (areminutes) from 16° (1950)

25 <0

RA (seconds) from 12"20™ (1950)

Canzian & Allen (1995)

The disk of M100

Vrot=+75 km s
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Just a Geometric Effect?

(ron=2x10" cm @ max for Vphot~10* km s7)
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Just a Geometric Effect?

(ron=2x10" cm @ max for Vphot~10* km s7)
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Lack of Ca II H&K time evolution
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--> The time-variant Na I features evolve because
of changes in the CSM ionization conditions,
induced by the variable SN radiation field.
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--> The time-variant Na I features evolve because
of changes in the CSM ionization conditions,
induced by the variable SN radiation field.

The different behavior seen in Nal and Call is
explained in terms of the lower ionization
potential of Na I (5.1 eV --> 2417A) w.r.t. Call
(11.9 eV --> 1045A), coupled to a UV-deficient
radiation field of SNe Ia.

(but see Chugai 2008)
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A Ia is UV-weak, but still can
ionize Nal to ~5x10!® cm.
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A Ia is UV-weak, but still can
ionize Nal to ~5x10!® cm.

Nevertheless...
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A Ia is UV-weak, but still can
ionize Nal to ~5x10!® cm.

Nevertheless...

Trec®10 days =ne>10° cm3
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A Ia is UV-weak, but still can
ionize Nal to ~5x10!® cm.

Nevertheless...

Trec®10 days =ne>10° cm3

That can be provided only by partial H ionization
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A Ia is UV-weak, but still can
ionize Nal to ~5x10!® cm.

Nevertheless...

Trec®10 days =ne>10° cm™
That can be provided only by partial H ionization

This confines the gas to within 10! cm
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But things are not that simple...

T= —1.8 days
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One possible explanation is that this material
IS re-ionized by ejecta-CSM interaction

Nando Patat - Stellar Death and Supernovae - August 18th, 2009 24

Friday, August 21, 2009



One possible explanation is that this material
IS re-ionized by ejecta-CSM interaction

r~10% cm for vej=10* km s
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One possible explanation is that this material
IS re-ionized by ejecta-CSM interaction

r~10% cm for vej=10* km s

while for the other components it must be

r>5x10° cm
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One possible explanation is that this material
IS re-ionized by ejecta-CSM interaction

r~10% cm for vej=10* km s

while for the other components it must be

r>5x10° cm

No VLA detection @ 10 months (~10'"cm)
(Chandra, Chevalier & Patat 2006)
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Adopting the CN velocity as indicative of vrot along
the l.o.s. at the SN location, there is [solid] evidence

of CSM expanding at velocities spanning a range of
about 100 km s
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Adopting the CN velocity as indicative of vrot along
the l.o.s. at the SN location, there is [solid] evidence

of CSM expanding at velocities spanning a range of
about 100 km s

For r=10* cm and v4=50 km s!
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Adopting the CN velocity as indicative of vrot along
the l.o.s. at the SN location, there is [solid] evidence

of CSM expanding at velocities spanning a range of
about 100 km s

For r=10* cm and v4=50 km s!

the material would have been ejected
some 50 yrs before the explosion
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Adopting the CN velocity as indicative of vrot along
the l.o.s. at the SN location, there is [solid] evidence

of CSM expanding at velocities spanning a range of
about 100 km s

For r=10* cm and v4=50 km s!

the material would have been ejected
some 50 yrs before the explosion

This rules out DD for SN2006X

but not for other objects...
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Adopting the CN velocity as indicative of vrot along
the l.o.s. at the SN location, there is [solid] evidence

of CSM expanding at velocities spanning a range of
about 100 km s

For r=10* cm and v4=50 km s!

the material would have been ejected
some 50 yrs before the explosion

This rules ¢c«i Ov ror SN2006X
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So, what's the companion star of SN2006X?
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So, what's the companion star of SN2006X?
@ Velocities of 50 km s are comparable to
those for the winds of early RGs;
@ similar velocities are expected also for sub-G;

@ velocities are smaller than expected for MS
donor stars or from compact He stars;
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So, what's the companion star of SN2006X?
@ Velocities of 50 km s are comparable to
those for the winds of early RGs;
@ similar velocities are expected also for sub-G;

@ velocities are smaller than expected for MS
donor stars or from compact He stars;

The observed velocities seem more consistent
with the shorter-period end of the symbiotic
formation channel (WD+RG) (Munari & Renzini 1992)
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Is the structure of the CSM telling us
something more?

@ variability in the RG wind? (Willson
2000)

@ remnant shells of recurrent novae?

(Judge & Stencel 1991; Hachisu & Kato p—
2001; Wood-Vasey & Sokoloski 2006) - o

@ bipolar shells? RS Oph like? (O’Brien
et al. 2006, Sokoloski et al. 2006, Bode et (Bode et al. 2007)
al. 2007)
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Is SN2006X belonging to a separa’re class
of Type Ia's? (Wang et al. 2007). I hate this..
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

® CSM detection
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

® CSM detection

@ fast expansion velocity
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM deftection
@ fast expansion velocity

@ strong/weird reddening
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM detection
@ fast expansion velocity
@ strong/weird reddening

® LE (Wang et al. 2007b; Crotts & Yeurdon 2008)
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM detection
@ fast expansion velocity
@ strong/weird reddening

® LE (Wang et al. 2007b; Crotts & Yeurdon 2008)

Nando Patat - Stellar Death and Supernovae - August 18th, 2009 29

Friday, August 21, 2009



Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM detection
@ fast expansion velocity
@ strong/weird reddening

® LE (Wang et al. 2007b; Crotts & Yeurdon 2008)

Patat et al. 2009

Nando Patat - Stellar Death and Supernovae - August 18th, 2009 29

Friday, August 21, 2009



Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM detection
@ fast expansion velocity
@ strong/weird reddening

® LE (Wang et al. 2007b; Crotts & Yeurdon 2008)

Patat et al. 2009
"young”
population?
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Is SN2006X belonging to a separate class
of Type 1a's? (Wang et al. 2007). I hate fhis..

@ CSM detection
@ fast expansion velocity
@ strong/weird reddening

® LE (Wang et al. 2007b; Crotts & Yeurdon 2008)

Patat et al. 2009
"young”
population?

<2 Short delay channel?
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Is SN2006X belonging to a
of Type Ias? (Wang et ¢

@ CSM detection
@ fast expansion

@ strong/wgail

Patat et al. 2009

Bhort delay channel?

eath and Supernovae - August 18th, 2009
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Is SN2006X belonging to a
of Type Ias? (Wang et ¢

® CSM detection

@ fast expansion

@ strong/wg

Patat et al. 2009

Bhort delay channel?
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So far this analysis has been possible only for
a few objects
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So far this analysis has been possible only for
a few objects

@ SN2000cx is a peculiar (1991T-like) object. No ISM/
CSM absorption features were found (Patat et al.
2007b);

® SN2007af is a normal Ia. IS lines found but no
variability detected (Simon et al. 2007);

@ Same for 2008ec,fp,hv (Patat et al., in prep);

@ SN2007le "similar” to 2006X (Simon et al. 2009);

Nando Patat - Stellar Death and Supernovae - August 18th, 2009 30

Friday, August 21, 2009



So far this analysis has been possible only for
a few objects

@ SN2000cx is a peculiar (1991T-like) object. No ISM/
CSM absorption features were found (Patat et al.
2007b);

® SN2007af is a normal Ia. IS lines found but no
variability detected (Simon et al. 2007);

@ Same for 2008ec,fp,hv (Patat et al., in prep);

@ SN2007le "similar” to 2006X (Simon et al. 2009);

Viewing angles might play a role and multiple
channels to Ia explosion do probably exist.
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~ Espresso @ VLT

@ Patat et al. 2007a/b

@ Simon et al. 2007

@ Chugai 2008

o Chugai & Utrobin 2008

@ Blondin [S.] et al. 2009

® Simon et al. 2009

@ Borkowski, Blondin [J.] & Reynolds (2009)
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spresso @ VLT

@ Patat et al. 2007a/b

@ Simon et al. 2007

@ Chugai 2008

@ Chugai & Utrobin 2008

@ Blondin [S.] et al. 2009

® Simon et al. 2009

@ Borkowski, Blondin [J.] & Reynolds (2009)

I still dont understand the supernova scene....
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