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SN 2002icSN 2002ic

• SiII & SII lines

• Hα

� first SNIa for which H has 

been unequivocally detected

Need a strong, varying 

continuum at all epochs to:

• increase the flux

• reduce the contrast 

• change the SED

�satisfactory fit

�CSM interacting SNIa

(Hamuy et al. 2003)

narrow Hnarrow Hαα

from CSMfrom CSM

SN 1999eeSN 1999ee



Observations ����

• M(H) = 1-6 M
����
(Hamuy et al. 2003; Chugai & Yungelson 2004; Wang

et al. 2004) near the site of a thermonuclear explosion

• Asymmetry of H emitted gas (p >1%, Wang et al. 2004)

• They are rare (SN 2005gj, Aldering et al. 2006)

Possible interpretations:

� the explosion of a WD in a binary system with a post-AGB
companion (Hamuy et al. 2003) 

� the explosion of the C/O core of a 25 Mo star (SN 1.5  Iben & 
Renzini 1983) (Hamuy et al. 2003; Imshennik & Dunina-
Barkovskaya 2005)

� the merger of a WD with the C/O core of an AGB star during a 
common-envelope phase (Livio & Riess 2003)

� the explosion of a WD in a SS X-ray system with delayed
dynamical instability-triggered mass loss (Han & Podsiadlowski
2006). 



But then came SN 2004aw! But then came SN 2004aw! SNIaSNIa or or SNIcSNIc??



SN 1991TSN 1991T

SN 2004awSN 2004aw

SiIISiII

SIISII

CaIICaII H&KH&K
OIOI

CaIICaII

FeIIFeII

SN 1991T
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CaIICaII

SNIc!

TaubenbergerTaubenberger et al. 2006 (tanks to ESC on Type et al. 2006 (tanks to ESC on Type IaIa SNeSNe!)!)

IcIc



SN 1991TSN 1991T

SN 2004awSN 2004aw

Could it be SN 2002ic ~ SN 2004aw?Could it be SN 2002ic ~ SN 2004aw?



MMVV light curvelight curve

E(BE(B--V)=0.85V)=0.85

BenettiBenetti et al. 2006et al. 2006

no interaction!no interaction!

interaction!interaction!



Comparison at maxComparison at max

E(BE(B--V)=0.85V)=0.85

H&KH&K

SiIIISiIII

SIISII

HHαα??

SiIISiII

BenettiBenetti et al. 2006et al. 2006

no interaction neededno interaction needed

to change SED & diluteto change SED & dilute

features!features!



Comparison at +29Comparison at +29dd
(+29d)

BenettiBenetti et al. 2006et al. 2006

no interaction neededno interaction needed

to change SED & diluteto change SED & dilute

features!features!

HHαα? ? (Branch et al 2006)(Branch et al 2006)



+45d

Interaction has started 2002ic

2004aw



Comparison late phases (>200Comparison late phases (>200dd))

very similar!very similar!

BenettiBenetti et al. 2006et al. 2006



Wang et al. 2003

200d

SNeSNe 1997cy 1997cy -- 1999E ~ SN 2002ic1999E ~ SN 2002ic



SNeSNe 1997cy 1997cy && SN 1999ESN 1999E

Rigon et al. 2002

• the only 2 objects with such features (before 2002ic)
• both associated to BATSE GRBs!

combined probability => 0.2% change association



What about What about SN 2005gjSN 2005gj??

Aldering et al 2006Aldering et al 2006

ϕ=+71d

SN 1991T

ϕ=+11d

ϕ=+64d

ϕ=+71d

Again interpreted as interacting Again interpreted as interacting SNIaSNIa!!



WorldWorld--wide collaboration: wide collaboration: Berkeley, CfA, M. Stromlo, Wise, Tokyo, Padova

short parenthesis: SN 2003jd papershort parenthesis: SN 2003jd paper

from from ValentiValenti et al. 2006, to be submittedet al. 2006, to be submitted



SNIcSNIc spectra at similar phasespectra at similar phase

ValentiValenti et al. 2006et al. 2006



Better if time stretched!Better if time stretched!

Stretched (to 98bw) from explosionStretched (to 98bw) from explosion Phase from B maxPhase from B max

ValentiValenti et al. 2006et al. 2006



……what about photometry?what about photometry?

3030dd 



Does stretch correlates with L?Does stretch correlates with L?

(see also (see also ModiazModiaz talk talk -- Aspen)Aspen)



Playing with SN 2005gj light curve!Playing with SN 2005gj light curve!

Stretched SN 2006aj V l.c. good fit!Stretched SN 2006aj V l.c. good fit!

��������11stst spectrum NO interaction!spectrum NO interaction!

��������22ndnd spectrum 1mag due interactionspectrum 1mag due interaction

SS05gj(98bw)=1.66(98bw)=1.66

SS05gj(06aj)= 2.27(06aj)= 2.27



MMVV vs. stretch for SN 2005gj:vs. stretch for SN 2005gj:



�������� s=2.5 (s=2.5 (ssphph=2.27)!=2.27)!

22ndnd spectrum!spectrum!

1mag interaction1mag interaction

11stst spectrum!spectrum!

no interaction!no interaction!



Possible progenitor configuration:Possible progenitor configuration:

massivemassive

explodingexploding

starstar

H shell lost ~8yr < 05gjH shell lost ~8yr < 05gj

(if (if uuww>200km/s &>200km/s &

vvmaxmax(05gj)~16000km/s)(05gj)~16000km/s)

MMshellshell< 20M< 20M
��������

MMdotdot~0.01~0.01--0.030.03MM��������yryr
--11

LBVLBV--like outburst?like outburst?

other other SNeSNe?!??!?

rrii~5x10~5x101515cmcm



SN 2006jc! SN 2006jc! PastorelloPastorello et al. 2007, Nature in presset al. 2007, Nature in press

(see also Foley et al. 2007)



SN1988L (SN1988L (IcIc))

SNIcSNIc inside  Heinside  He--rich CSMrich CSM

PastorelloPastorello et al. 2007et al. 2007



HeHe--shell lost two years before shell lost two years before explexpl.?.?

Bright transient seen on 2004Bright transient seen on 2004

spatially coincident withspatially coincident with

SN 2006jcSN 2006jc

first time we see a burst first time we see a burst inin a SN progenitor!a SN progenitor!

MR=-14.1!

PastorelloPastorello et al. 2007et al. 2007



Possible scenarios for outbursts Possible scenarios for outbursts &&

Progenitors (including SNe2002icProgenitors (including SNe2002ic--like):like):

Giant outbursts of LBV?: could be for outbursts, but LBV are

not supposed to be precursors of SNe! Unless, new 

explosion mech: see Smith et al 2007 for SN 2006gy

LBV-like outbursts of WRs?: never seen before! & WRs are

still loosing H &/or He ���� young WRs (lifetime is ~200,000 yr 

not few years!)

Binary systems?: outbursts from LBV – SNe from evolved 

WRs



A joke(?) with SN 2006gy (A joke(?) with SN 2006gy (ilil bestionebestione) ) lclc::

Smith et al 2007, astroSmith et al 2007, astro--ph/0612617ph/0612617



StretchStretch98bw98bw(06gy) (06gy) vsvs MMVV(06gy) goes:(06gy) goes:

HERE!HERE!


