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• hot (Fe III, RSi) 
• evolve toward normal spectrum 
• bright  
• slow-declining 
• on MB-Δm15 relation
• from younger stellar pops (low-mass/

star-forming hosts)



delayed interaction unveils the SN
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PTF11kx:  
interaction can start well after peak brightness

→ have we been missing it by not following 91T-likes long enough?

Dilday et al. (2012)

peak

peak 
+39 days
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• bright, Na D, high velocity, “91T” spectrum 
• good early-time data coverage

• reject targets 
• deeply embedded in their host galaxy or 

with severe extinction 
• in regions of high UV surface brightness 

(reviewed GALEX/Swift/HST)
• control: SNe IIn and Ia-CSM, <100 Mpc 

normal SNe Ia 
• result: 80 targets, of which 71 were 

observed!
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discovered interaction of SN 2015cp
dL ~ 170 Mpc 

91T-like 

detection rate consistent 
with ~10-25% occurrence

Graham+ 2019 (arXiv:1812.02757)
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interaction of an SN Ia with detached shell

impact at 70 days

model family: 
fixed density 
ratio at point 

of contact

outer 
ejecta

CSM

Harris+ 2016

models in this family are  
specified by 
1. shell thickness 
2. shell inner radius 
3. shell density
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radio light curves determined by 3 parameters

thickness distance density
easy to reconstruct:

optically thin synchrotron light curves with εB = εe = 0.1, ne ∝ γ-3
Harris+ 2016

peak = shock swept over CSM
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peak time + impact time + VLA limit → density limit

times give CSM 
physical extent, 
so can convert 
to mass limit

??? ???
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Hα → sweep-over time (radio peak)
PTF11kx

SN 2015cp

radio peak in this window

2-year observation gap 
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Hα → sweep-over time (radio peak)

assume discovery was 
at sweep-over time

assume Hα 
reached 
PTF11kx 

luminosity

Harris+ 2018 (arXiv:1812.02756)



interaction started during observation gap

Harris+ 2018 (arXiv:1812.02756)

timp: 
70 - 670 days



if caught near peak, Mcsm ≤ 0.5 M☉
peaked at 502 days

peaked at 681 days 
(UV detection)

PTF11kx

Harris+ 2018 (arXiv:1812.02756)

Graham, Harris+ 2018



future efforts: mind the gap!

Harris+ 2018

2-year gap → 
model 

uncertainty



future goal: bridge SN 2002ic and PTF11kx

impact 
≳50 days

impact 
~10 days

secret new SN
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