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2002-2006: EU RTN on the physics of SNe la

SN Ia

Circular No. 8312
Central Bureau for Astronomical Telegrams
INTERNATIONAL ASTRONOMICAL UNION
Mailstop 18, Smithsonian Astrophysical Observatory, Cambridge, MA 02138, U.S.A.
IAUSUBS@CFA.HARVARD.EDU or FAX 617-495-7231 (subscriptions)
CBAT@CFA.HARVARD.EDU (science)
URL http://cfa-www.harvard.edu/iau/cbat.html ISSN 0081-0304
Phone 617-495-7440/7244/7444 (for emergency use only)

SUPERNOVA 2004aw IN NGC 3997

S. Benetti, N. Elias—-Rosa, G. Blanc, H. Navasardyan, M.
Turatto, and L. Zampieri, Osservatorio Astronomico di Padova; E.
Cappellaro, Osservatorio Astronomico di Capodimonte; and M. Pedani,
Telescopio Nazionale Galileo (TNG), on behalf of the ERTN (IAUC
7987), obtained a spectrum of SN 2004aw (cf. IAUC 8310, 8311) with
the TNG (+ Dolores; range 335-995 nm; resolution 1.4 nm) on Mar.
24.94 UT. The supernova has now evolved to resemble the spectrum
of SN 1991T, a few days after maximum, and 1s therefore classified
as type Ia. This also accounts for the fact that the narrow
interstellar absorption line seen in the supernova spectrum
indicates a reddening of E(B-V) about 0.30 in the host galaxy. The e 1
expansion velocity deduced from the Si-II 635.5-nm feature is about = | .
12600 km/s.
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2002-2006: EU RTN on the physics of SNe la

SN Ia

w Now I had nmy exktreme
SN Ia.

Circular No. 8312 ' So QX&T'QMQ Ehab Lk QM&QC&
Central Bureau for Astronomical Telegrams

INTERNATIONAL ASTRONOMICAL UNION = L |
Mailstop 18, Smithsonian Astrophysical Observatory, Cambridge, MA 02138, U.S.A. MF b@.w‘\ﬁ a SN lc ...

IAUSUBS@CFA.HARVARD.EDU or FAX 617-495-7231 (subscriptions)
CBAT@CFA.HARVARD.EDU (science)

URL http://cfa-www.harvard.edu/iau/cbat.html ISSN 0081-0304
Phone 617-495-7440/7244/7444 (for emergency use only)

Circular No. 8331
Central Bureau for Astronomical Telegrams
SUPERNOVA 2004aw IN NGC 3997 INTERNATIONAL ASTRONOMICAL UNION
S. Benetti, N. Elias-Rosa, G. Blanc, H. Navasardyan, M. Mailstop 18, Smithsonian Astrophysical Observatory, Cambridge, MA 02138, U.S.A.
Turatto, and L. Zampieri, Osservatorio Astronomico di Padova; E. IAUSUBS@CFA.HARVARD.EDU or FAX 617-495-7231 (subscriptions)
Cappellaro, Osservatorio Astronomico di Capodimonte; and M. Pedani, CBAT@CFA.HARVARD.EDU (science)

Telescopio Nazionale Galileo (TNG), on behalf of the ERTN (IAUC URL http://cfa-www.harvard.edu/iau/cbat.html ISSN 0081-0304
7987), obtained a spectrum of SN 2004aw (cf. IAUC 8310, 8311) with Phone 617-495-7440/7244/7444 (for emergency use only)
the TNG (+ Dolores; range 335-995 nm; resolution 1.4 nm) on Mar.

24.94 UT. The supernova has now evolved to resemble the spectrum

of SN 1991T, a few days after maximum, and is therefore classified SUPERNOVAE 2004ax, 2004aw, 2004bh, 2004bi, 2004bj, AND 2004bk
as type Ia. This also accounts for the fact that the narrow A. V. Filippenko, L. Desroches, M. Ganeshalingam, and R.

;ntgrstellar absorption line seen 1n the e spectrum Chornock, University of California, Berkeley; and F. J. D. Serduke,

1nd1caFes . red@enlng of E(B-V) about-0.3® in the host gala¥y- The Lawrence Livermore National Laboratory, report that inspection of

expansion velocity deduced from the Si-II 635.5-nm feature is about CCD spectra (range 330-1000 nm), obtained on Apr. 24 UT with the

L008 M s Shane 3-m telescope at Lick Observatory, reveals that SN 2004aw
(IAUC 8310, 8311) is of type Ic, similar to SN 1991A (Filippenko
1992, Ap.J. 384, L37), rather than of type Ia as stated in IAUC
8312. SN 2004ax (IAUC 8311) is indeed a supernova,...




02 UTC

15

.

Tra

//////

iago

ining in

.A,
,,,,,
,,,,,,,,
.......
,,,,,,,
it
_____




Super—Chandrasekhar
SNela

|
—
@0]

O2es—like
SNela

|
—
=2

|
—
o)

|
—
o)

%%

Normal SNe Ia from Ca-rich

Hicken et al. 2009

|
—
N

— Phillips relation

Absolute B—band peak magnitude

91T-like 91bg-like B SN 2002es
QSN 1991T @ sioresas A SN 2006bt
[JSN 1997br [ SN 1991bg - WPTF 100ps
/\ SN 1998ab A SN 1997cn - »SN 2010lp
V/ SN 1998es Tanteeeny 4PTF 14atg
>SN 1999aa QSN 1998de  Ca-rich
JASN 1999dq 21 1999by @ SN 2005E
() SN 2000cx 1999da [ SN 2007ke
(® SNF 20070526 2003gs A PTF 09dav
[5] SNF 20070803 SN 2005bl  <)SN 2010et
A SNF 20070912 SN 2005ke  KSN 2012hn
\/ SNF 20080522 SN 2006bz  Fast SNe
<O SNF 20080723  u2es-—like O SN 1885A
[JSN 1939B

|
—
w

Data by Massimo Turatto o

transients

w0

i

Fast
decliners

91bg—like
S]\gela

O

/\ SN 2002bj
>SN 2005ek

éc,ZSN 2010X

Super—Ch

@ SN 2003fg
[ SN 2004gu
A SN 2006gz
V SN 2007if
€SN 2009dc

*SN 2012dn

SNe Ia—CSM
@ SN 2002ic
B SN 2005gj
A SN 2008]

2.9

ﬁ""""‘"‘"““"‘""‘“"“‘"‘"‘ﬁédme rate Al’]315(]3)

kT

SNe lax

O SN 2002cx
[0 SN 2003gq
/\ SN 2005cc
YV SN 2005hk
<> SN 2007qd

JASN 2008A

O SN 2008ae
(O SN 2008ha
® SN 2010ae
[(] SN 2011ay
/A SN 20127

I Y
3.0

3.5

The "Taubenberger plot"



| | | | |
— — — —_ —_
N n o) ~ Qo

Absolute B—band peak magnitude

|
—
w

0.0

Super—Chandrasekhar
SNela

O2es—like

SNela

Normal SNe Ia from
Hicken et al. 2009

— Phillips relation

91T-like

OSN 1991T

[1SN 1997br

/\ SN 1998ab
1998es
1999aa
1999dq
2000cx

(® SNF 20070528

[1] SNF 20070803

/A SNF 20070912

 SNF 20080522

<> SNF 20080723

M1sq 12gd;

I R N R
0.5 1.0

91bg-like
@ SN 1986G
B SN 1991bg
A SN 1997cn
1998bp
1998de
1999by
1999da
@ SN 2003gs
@ SN 2005bl
[E SN 2005ke
A SN 2006bz
O2es—like
@ SN 1999bh

1.5

2 parame&ms
(Amlﬁ; MB)

91bg—like
S]\gela

%%

Ca—-rich
transients

w0

Bl SN 2002es
A SN 2006bt
V PTF 100ps
@ SN 20101p

ACPTF 14atg

Ca-rich

@ SN 2005E
O SN 2007ke
A PTF 09dav
SN 2010et

J4SN 2012hn

Fast SNe
QSN 1885A
[0 SN 1939B

2.0

O

/\ SN 2002bj
>SN 2005ek

éc,ZSN 2010X

Super—Ch

@ SN 2003fg
[ SN 2004gu
A SN 2006gz
V SN 2007if
€SN 2009dc

*SN 2012dn

SNe Ia—CSM
@ SN 2002ic
B SN 2005gj
A SN 2008]

2.9

Decline rate Am (B)

3.0

SNe lax

O SN 2002cx

[0 SN 2003gq

/\ SN 2005cc
2005hk
2007qd
2008A
2008ae
2008ha
2010ae
2011ay
20127

3.5

The "Taubenberger plot"



| | | | |
— — — —_ —_
N n o) ~ Qo

Absolute B—band peak magnitude

|
—
w

0.0

Super—Chandrasekhar
SNela

O2es—like

SNela

Normal SNe Ia from
Hicken et al. 2009

— Phillips relation

91T-like

OSN 1991T

[1SN 1997br

/\ SN 1998ab
1998es
1999aa
1999dq
2000cx

(® SNF 20070528

[1] SNF 20070803

/A SNF 20070912

 SNF 20080522

<> SNF 20080723

M1sq 12gd;

I R N R
0.5 1.0

91bg-like
@ SN 1986G
B SN 1991bg
A SN 1997cn
1998bp
1998de
1999by
1999da
@ SN 2003gs
@ SN 2005bl
[E SN 2005ke
A SN 2006bz
O2es—like
@ SN 1999bh

1.5

91bg—like
S]\gela

s

%%

Ca—-rich
transients

Bl SN 2002es
A SN 2006bt
V PTF 100ps
@ SN 20101p

ACPTF 14atg

Ca-rich

@ SN 2005E
O SN 2007ke
A PTF 09dav
SN 2010et

J4SN 2012hn

Fast SNe
QSN 1885A
[0 SN 1939B

2.0

O

/\ SN 2002bj
>SN 2005ek

¥SN 2010X

Super—Ch

@ SN 2003fg
[ SN 2004gu
A SN 2006gz
V SN 2007if
€SN 2009dc

*SN 2012dn

SNe Ia—CSM
@ SN 2002ic
B SN 2005gj
A SN 2008]

2.9

Decline rate Am (B)

3.0

SNe lax

O SN 2002cx

[0 SN 2003gq

/\ SN 2005cc
2005hk
2007qd
2008A
2008ae
2008ha
2010ae
2011ay
20127

3.5

The "Taubenberger plot"

2 vaame%ers

(Awis, Ms, vsi)




Super—Chandrasekhar
i SNela

.

SNelaCSM ' 7

The "Taubenberger plot"

:

2 p&rama&ers
(Am:],é'; MB)

=

91bg—like
SNela

e paro\m&ers
(Amis, Ms, VSL)

|
—
@0]

O2es—like
SNela

|
—
=2

'

|
—
o)

09dc-like

SNe Ta Normal SNe la

|
—
o)

%%

Ca—-rich
transients

w0

Normal SNe Ia from
Hicken et al. 2009

|
—
N

— Phillips relation

Absolute B—band peak magnitude

|
—
w

MLs

91T-like

OSN 1991T
1SN 1997br

/\ SN 1998ab

V SN 1998es
<> SN 1999aa
JASN 1999dq

{3 SN 2000cx

(® SNF 20070528
[] SNF 20070803
/A SNF 20070912
 SNF 20080522
<> SNF 20080723

Q 12gd]

91bg-like

@ SN 1986G
M SN 1991bg
A SN 1997cn
V SN 1998bp
@ SN 1998de

SN 1999by

@ SN 1999da
@ SN 2003gs
@ SN 2005bl
[E SN 2005ke
A SN 2006bz
O2es—like

@ SN 1999bh

Bl SN 2002es
A SN 2006bt
V PTF 100ps
@ SN 20101p

ACPTF 14atg

Ca-rich

@ SN 2005E
O SN 2007ke
A PTF 09dav
SN 2010et

J4SN 2012hn

Fast SNe
QSN 1885A
[0 SN 1939B

/\ SN 2002bj
>SN 2005ek

¥SN 2010X

Super—Ch

@ SN 2003fg
[ SN 2004gu
A SN 2006gz
V SN 2007if
€SN 2009dc

*SN 2012dn

SNe Ia—CSM
@ SN 2002ic
B SN 2005gj
A SN 2008]

SNe lax

O SN 2002cx
[0 SN 2003gq
/\ SN 2005cc
YV SN 2005hk
<> SN 2007qd

JASN 2008A

O SN 2008ae
(O SN 2008ha
® SN 2010ae
[(] SN 2011ay
/A SN 20127

©
e

0.5 1.0

1.5

2.0

2.9

Decline rate Am (B)

02es-like
SNe la

Ca~rich
tfransients

Fast decliners

o )




16000

o
cliners —_

Fast de

like
la

She

Q —
Zo ; 2
S 0 O @ —
I ® O
© S
mﬂo 3
o
— o
g 3
//,/_//,/,/ﬁ///
NN NN NN NN © =
D RN NN NN NN DN S
DN NN N NN
U NN NN NN NN

11111




Focussing on 09dc-like SNe la

£§-10 yr ago:

® About 5 well-observed
ob jects

@ Still not 100% clear where
the Luminosity comes from

o ?robabt:j NOT super-
Chandra WDs

o Speauiaﬁom o inkeraction
with H/He—free CSM

@ Wild speculation on
molecule/dust formation
after s0-200 d&js
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Focussing on 09dc-like SNe la
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Explosion in low-mass, low-metallicity hosts

— SN 2022ilv
" s "1": star
| "2": galaxy (wrong 2z)

&

ISSI' ref stac‘k
7800 sec

ATLAS input
MJD*59689.38

@ 2022ilv:
Miost ? =11 ko ~10

@ LSQ14-fmq;
Muost = =18 to -1

Srivastav et al. 2023



Unburned material in early spectra
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Peak luminosities

2022pul is the least luminous
09dc-like SN so far, with
o L | MB,peak='18-9
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Ashall et al. 2021




UV - optical colours - -

UV - optical colours
nuch bluer thawn in
normal SNe Ia

@ SN 2020esm m SN 2009dc (SC) ¢ SN 2012dn (SC)

p.l‘“mn‘;h:vvzi.; ii
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N
o

— SN 2009dc B -V
— SN 2012dn B -V
— SN 2011fe B-V

Swift Colors (MAG)

0 10 20 - -10 O
Phase from B—band maximum (rest—frame days)

Dimitriadis et al. 2022
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Early flux excess

SN 2021zny
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Early flux excess

LSQ14fmg
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LSQ14-fmq even shows

a long-lasting excess
during the rise ...
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Late-time flux deficit
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Late-time flux deficit

SN 2020esm
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Nebular spectra
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Dimitriadis et al. 2023
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Nebular spectra

SN 2022pul

SN 2022pul +338 days after explosion
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@ Most people agree that 09dc-like
SNe are NOT superwf:.hamdm WDs

@ WDs exptoduw\g LA H/Hempoor

emv&topes

d Two leading scenarios:

CO-CO WD merqgers where
the less massive WD qets
disrupted and forms the
envelope

Pros: no H/He in svsﬁem,
oxygen at centre of the
ejecta Ftausibiﬁ

Cons: most Lmei.j
aspherical (polarimetry)

Core~degenerate
scenario: explosion of
the deqenerate C/0 core
of an AGB skar

Pros: sgkeri&at svmmerﬁrv

Cons: hard to get
envelope H/He—free, no
oxygen at centre of
expl.osiom




Possible link between 09dc-like and 02es-like SNe

@ ALl SNe Ia with an earb;
bum[z:' are eiblher 09de- or
oRes-lilee

® Their U\f*op%icat colours
are similar and diskinck
fyom all other SNe Ia

@ [01] detected in nebular
spectra of six 09dc-like
or Oes-like SNe, but nok
. a stingle normal SN Ia
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