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CSM Interaction 
Basic picture leads to complicated observations. 
 
Four main zones in a simple shock: 
 
1.  Pre-Shock CSM 
2.  Shocked CSM - behind forward shock 
      (cooling makes this collapse in a SN IIn) 
3.  Shocked ejecta - reverse shock 
4.  Unshocked freely expanding ejecta 
 
 
CONTINUUM PHOTOSPHERE 
•  Moves through these zones with time. 
•  Can come from different zones at the same time. 
•  There can be no photosphere (late times, thin). 
 
SPECTRAL LINES 
•  Can be seen from any or all of these zones, 

changing with time. 
•  Line profiles modified or hidden by electron 

scattering, occultation by photosphere, or dust. 
 
ASYMMETRY CANNOT BE IGNORED 
•  CSM can be highly asymmetric (i.e.disk) 
•  Appearance may depend on viewing angle 
•  Can see multiple zones simultaneously 
•  Can hide narrow lines altogether 
•  X-rays can escape… or not 

SHOCK RADIATION PROPAGATES OUTWARD 
AND INWARD, MODIFIES CSM AND EJECTA 
 

Efficient conversion of   KE       Light 
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Huge diversity in light curves of SNe IIn; 
wide variation in peak L and duration.  
CSM interaction can provide this with 
differences in: 

 
•  CSM mass/density/radial extent 

•  Explosion energy 

•  Geometry 

To match alight curve is easy.  To go the other 
way (diagnose explosion MSN, ESN, Mdot) is 
harder.  Mostly lower limits. 

CSM Interaction and IIn Diversity 



SN 1998S – Shivvers +15 

Echelle spectrum of SN 1998S - day 1. 
 
Narrow component suggests RSG with 
slow wind of 40-50 km/s. 

From poster outside by Jen Andrews 

Narrow components - pre-shock CSM 

SNe IIn:  
 
•  typically show speeds of 60-200 km/s (LBVs and YHGs) 
•  Sometimes several 102 to 103 km/s (more massive LBVs) 
•  Sometimes slower (few x 10 km/s), implying RSGs 

**Note:  Narrow absorption can be 
seen or not, depending on geometry, 
resolution, and physics of rad tran. 



What we really 
measure is 
required wind 
density parameter 
(w), and then 
infer Mdot from 
adopted speed. 

Figure from 
Smith (2016) in 
Handbook of 
Supernovae 

COMPARE: 
 
Mdot and VW 
inferred for 
interacting SNe to 
those of various 
types of stars 
(from Smith 2014 
review). 

Betelgeuse 
 � 
 

Down here we  
get bright radio 
and X-ray 
emission. 



SN 1983K 

Sometimes CSM interaction is fleeting, lasting 
for only for a few days after explosion. 

SN 1983K (Type II; Niemala+85) 

SN 1993J (Type IIb; Benetti+94; Matheson+00) 

SN 1998S (Type II-L/IIn; Leonard+00; Shivvers+16) 

SN2006bp (Type II-P; Quimby+07) 

PTF11iqb (Type II-P/IIn; Smith+15) 
  
 
 
 
 
 
 

SN 2013cu (IIb) and other PTF objects 
dubbed “flash” spectroscopy  
(Gal-Yam+14; Groh+15; Khasov+16) 
 
Interpreted as either early CSM interaction or 
flash ionized CSM.  Either case requires strong 
pre-SN mass loss with 1e-3 Msun/yr for a year 
or so before explosion. 

Many of these also showed strong continued CSM 
interaction at late times, some with double-peaked 
profiles suggestive of disks (and specpol in 98S). 



PTF 11iqb: A Type IIn from a RSG progenitor 

Spectroscopic evolution 
through 3 main phases: 
 
1. Early CSM interaction 
(WR-like spectrum) in 
thick inner wind at ~10 AU. 
 
2. SN photosphere 
expands to ~100 AU and 
engulfs CSM interaction 
(not because wind 
recombines or is 
obliterated).  CSM 
interaction luminosity 
(re)heats ejecta. 
 
3.  SN continuum 
photosphere recedes and 
exposes CSM interaction 
again (multi-peaked 
asymmetric Hα). 

How to HIDE signs of CSM interaction: 
 
Disk-like geometry of CSM gets enveloped 
by SN photosphere.  (Smith+15) 

Probably relevant for many SNe II-P and II-L light curves. 

Lightcurve:   
Type II-P + CSM int. 



CSM interaction for decades after SN traces 
mass loss 5,000-20,000 yr before death. 

Smith+09,+16 
Smith+15 
Mauerhan & Smith’12 
Milisavljevic+12 
Chandra+09 
Turatto+93 
Aretxaga+99 
Smith+16 

~10-4 M¤/yr 

~10-3 M¤/yr 

REVERSE SHOCK (BROAD LINES, EJECTA) 

FORWARD SHOCK  
(NARROW LINES, CSM) 
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Strong CSM interaction indicates 0.2-20 M¤ lost in relatively 
short time intervals before core collapse in some cases. 
 
Many cases suggest disk-like CSM (double-peaked profiles). 

Smith +16 

Erad > 2e51 erg 



Late-time CSM Interaction (SN1987A) 

France et al. 2015 Smith et al. 2005 

Narrow/intermediate lines are from shocked CSM ring.  Broad Hα is from reverse shock. 
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Can power super luminous SNe with 1051 
erg core-collapse and CSM = 10 M¤. 

  
Can also power fairly bright SNe IIn with 
same explosion energy (i.e. 1051 ergs) 
but less CSM or asymmetric CSM. 
 
 
 
 
Since CSM interaction is such an 
efficient engine to convert KE into 
radiation… 
 
…maybe weak explosions like pre-SNe, 
fallback SNe, or various non-SN 
transients can power intermediate-
luminosity transients by CSM 
interaction. 
 
Almost all have Type IIn spectra… 

CSM Interaction and IIn Diversity 



2013, MNRAS, 429, 2366 

1.  Can we power the 10-year Great Eruption 
luminosity with a 1050 erg explosion and CSM 
interaction, as in a Type IIn supernova? 

 
 
2.  Is this consistent with everything else we see? 
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•  VSN is final speed of nebula (600 km/s) 

•  Observed luminosity of roughly L=2.5e7 L¤ 
requires w = 1018 g/cm 



 
 
Explosion expands into slow 
dense wind of 200 km/s. 
 
 
Collision conserves 
momentum, lost energy is 
radiated as observed 
luminosity. 
 
 
Requires Mdot = 0.3 M¤/yr 
for a few decades. 
 

WHY 200 km/s? 
200 km/s is roughly the escape 
speed for the radius in the 1830s, 
(and 200 km/s was observed in 1890 
eruption at similar brightness). 



•  High ratio of KE to Erad, some very fast ejecta requiring a blast wave 
•  Double shells (thin outer shell, thicker inner shell) frozen in 
•  Single age (Hubble flow) 
•  Mottled structure in lobes (thin shell instabilities, frozen in) 
•  Efficient rapid post-shock dust formation (as seen in SNe IIn & SNe Ibn) 

Might work for other SN impostors as well… 



UGC2773-OT – a recent Eta Car analog 

Smith et  al. 2014 

2009 

HST 

Spectrum taken at initial 
peak was a cool LBV-like 
spectrum (F/G supergiant) 
with a ~300 km/s wind. 
 
Among known SN 
impostors, UGC2773ot 
provided the closest 
match to the spectrum of 
light echoes from peak of 
Eta Carinae’s eruption 
(Rest +12). 

•  Discovered in 2009, with archival data showing a slow 
brightening over 5 years (Smith+10).   

•  In subsequent 6 years, it has not faded much, but spectra are 
changing and indicate shock excitation in asymmetric 
(maybe bipolar) CSM.  (Smith +16, MNRAS, 455, 3546) 
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Kuiper 61” 

•  Discovered in 2009, with archival data showing a slow 
brightening over 5 years (Smith+10).   

•  In subsequent 6 years, it has not faded much, but spectra are 
changing and indicate shock excitation in asymmetric 
(maybe bipolar) CSM.  (Smith +16, MNRAS, 455, 3546) 

UGC2773-OT – a recent Eta Car analog 
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•  Discovered in 2009, with archival data showing a slow 
brightening over 5 years (Smith+10).   

•  In subsequent 6 years, it has not faded much, but spectra are 
changing and indicate shock excitation in asymmetric 
(maybe bipolar) CSM.  (Smith +16, MNRAS, 455, 3546) 

UGC2773-OT – a recent Eta Car analog 



Smith et  al. 2014 

2009 2010 

2012 

Kuiper 61” 

HST 

** We will obtain a cycle 24 
UV spectrum with HST to 
look for shock diagnostic 
emission lines. 

•  Discovered in 2009, with archival data showing a slow 
brightening over 5 years (Smith+10).   

•  In subsequent 6 years, it has not faded much, but spectra are 
changing and indicate shock excitation in asymmetric 
(maybe bipolar) CSM.  (Smith +16, MNRAS, 455, 3546) 

UGC2773-OT – a recent Eta Car analog 

Wind vs. Shock: 
Various clues point to 
an increase in shock 
excitation with time. 



UGC 2773-OT 

Early times:  CSM interaction shock is deep 
inside opaque wind. Shock radiation must 
diffuse out; observed spectrum is wind-like 
(lower vel, cooler, absorption lines)   

Later times:  CSM interaction shock 
expands, lower tau, shock radiation starts to 
escapes directly.  Spectrum shows higher 
velocity, weaker absorption/stronger 
emission lines   


