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  Circumstellar interaction – normal case 

X-ray and 
radio emission 

CF 



Circumstellar density (ρw=D/r2) 

  D=Mdot/4πvw 

  WR star:  10-5 M/yr, 1000 km/s   D=5x1011 

  Extreme RSG: 10-4 M/yr, 10 km/s    D=5x1014 

  Optical depth effects:   10-2 M/yr, 10 km/s    
D=5x1016       D* is scaled to this value 

       τw ~17 D* (vsh/10,000 km/s)-1(t/10 day)-1 



High density interaction 

X-ray emission 
(radio absorbed) 

Optically thick 
dense shell 

X-ray photoionized 
region 
Wind possibly  
optically thick  

At high densities, the hard, forward shock X-ray emission dominates 
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Fig. 4.— Normalized Hα for days 5.7 (bottom), 14.7, 20.7, 54.6 and 88.5 (top). Note the
evolution from a symmetric, Lorentzian profile to the late asymmetric line profile in the top

panel.Wavelength calib. probably not accurate!

SN 2010jl 
Hα


Broad Hα formed by electron scattering in the wind 
(Chugai 2001 on SN 1998S) 
Requires Thomson optical depth of  a few in the wind 

NOT:    Ergon, Sollerman, Fransson 
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Supernova in dense wind (ρw=D/r2 to Rw) 

  τw<1 
  Shock breakout unaffected 
  May have radiation from interaction 

  1<τw<c/vsh 
  Shock breakout energy same, longer time 
  Interaction power, broad line wings 

  τw>c/vsh 
  Radiation dominated shock propagates into wind  
  Radiation breakout when Rsh=Rd=κDvsh/c, 

characteristic diffusion radius in the wind 
  Viscous shock at larger radii 
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          Rw>Rd 

 
Rise to max light ~Rd /v sh  
Duration of the rise  also 

~Rd /v sh 
Outer parts of the opaque 

medium are extended and 
at low velocity at the time 
of peak luminosity 

A dense shell forms -  
continued interaction with 
the dense mass loss 

 

         Rw<Rd 

 
Rise to max light Rw /v sh 
Duration of the rise is              

R 2w /v sh Rd  
Outer parts of the opaque 

medium are not extended 
and are accelerated to high 
velocity by radiation pressure 

A dense shell forms but does 
not affect the light curve 
near maximum 

Chevalier & Irwin 2011 



Simulation of Type IIP in 
a dense CSM  (Moriya et al. 2011) 
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SN 2010gx and related objects: Rw<Rd 

Pastorello et al. 2010 



SN 2006jc – Type Ib 

  Observed to erupt in 
2004 

  Interaction seen in  
    X-ray/radio/optical/IR 
  M ~ 0.01 M 
 

Immler et al. 2008 



Optical/uv from young Ic – GRB  
  Simple model for 

diffusion wave 
moving into power 
law density profile 

5440 Å 

1880 
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2510 

SN 2006aj    Campana et al. 06 



Type Ic 

Stritzinger et al. 02 

GRB 101225A 3

Fig. 1.— The spectral energy distribution (SED) of the UV/optical/NIR (UVOIR) counterpart of GRB 101225A at different epochs after
the explosion. Filled circles are detections, triangles mark upper limits. Until 10 days, the SED is modeled with a simple BB, the last 3
epochs were modeled with an evolving SN Type Ic, similar to SN 1998bw associated with GRB 980425. The orange line on top of the BB
model at 2.0 days shows our flux-calibrated spectrum taken with the OSIRIS/GTC.

Fig. 2.— Light curves of GRB 101225A in X-rays (black, top panel) and UVOIR (bottom panel). The over plotted lines are the evolution
of the light curves in the different bands as estimated from the temporal evolution of the BB. Observations started almost simultaneously
in X-rays and optical/UV wavelengths. The X-rays reached a peak flux of 4.34 × 10−9 erg cm−2 s−1. After an initial shallow decay of
slope t−1.108±0.011 up to 21 ks, the X-rays show a strong decay with a slope of t−5.95±0.20, inconsistent with synchrotron emission. The
UVOIR light curves show a shallow maximum at the beginning, with different peak times for the different bands due to the peak emission
of the BB component passing through the spectrum. The second component emerging at around 10 days post-burst is the contribution of
the underlying SN, modeled with the GRB-SN 1998bw as a template, stretched in time by a factor of 1.25 and decreased in luminosity by
a factor of 12 (see appendix for more details).

emission requires that the material observed cannot be
directly connected to the stellar explosion itself but dense
material has to have been ejected some time before the

explosion.
An appealing possibility to explain GRB 101225A is a

He-merger model with a common envelope (CE) phase

GRB 101225A 

Thone et al. 2011 

Also, Balberg & Loeb (2011) suggest a radiation dominated shock propagates into wind in SN2008D  



High density interaction 

X-ray emission 
(radio absorbed) 

Optically thick 
dense shell 

X-ray photoionized 
region  

At high densities, the hard, forward shock X-ray emission dominates 



Reduced absorption due 
to photoionization of  CNO 

Full absorption 

1. Ionization parameter (L/nr2) 
2. “Stromgren sphere” effects 



SN 2010jl, Dec 2010 
Chandra    X-ray 
 
 
 
NH ~ 3e23 cm-2 

kT ~ 75 keV 
6.3e41 ergs/s  
  (0.2-10 keV unabs.) 

P. Chandra,… 



SN2006gy          X-rays                1.5 x 1039 erg/s    soft   (upper limit) 
Need full absorption 
 

Smith et al. 2007 



Final comments 

  Extent of dense mass loss 
    1014 cm          1015 cm         1016 cm      1017 cm 
    SN 2006aj      SN 2010gx   SN 2006gy    SN IIn 
     0.3 yr                                                     300 yr 
     (if vw=100 km/s) 
  Question of coincidence 

  Binary? 

 


