
Probing the Extremes of 
Pre-SN Mass-Loss with the 

PanSTARRS1 Medium-
Deep Survey 

Maria R. Drout 
SN Through the Ages 

Aug 12, 2016 
Rapa Nui 



Clues to the Progenitors of 
Luminous Interacting 

Supernova through a Joint 
Analysis of their Explosion 

Properties and Host 
Environments   



Collaborators 

Alicia Soderberg Edo Berger Bob Kirshner Dan Milisavljevic Raffaella Margutti 

Ryan Chornock 

Nathan Sanders 

Atish Kamble Ryan Foley 

Wen-fai Fong Ragnhild Lunnan Tanmoy Laskar 

Armin Rest 

+ the PS1 
Team 

Jerod Parrent 



Pre-SN Mass-Loss 
Mass-loss which occurs in the final years to decades before core-collapse 

 
 
 
 1.  Often our only observational probe of how massive stars 

behave as they approach core-collapse. 
2.  Indirect probe which we can use to link certain progenitor 

stars/systems to explosions of different subtypes. 



Probing Pre-SN Mass-Loss 
1. Low Density Environments: Radio and X-ray Emission 

SN Ibc, IIb, II 



Recent Results from Stripped CCSN 
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2. A population of LGRBs with 
mass-loss prior to explosion  

1. SNIIb with extended 
progenitors suffer higher mass-
loss in the years before 
explosion 

Margutti+2014,Nakar+2015 

Kamble+2015, Maeda+2015 



Recent Results from Stripped CCSN 

3. SN2013ge: A Type Ic with a 
potential period of enhanced 
mass-loss in the final year prior 
to explosion. 

4. SN2014C: A Type Ib 
colliding with a 1 Msun H 
shell at 6x1016 cm. 

Drout+2016 

Milisavljevic+2015, Margutti+2016 

12 M. R. Drout et al.

Fig. 16.— X-ray (left) and Radio (right) upper limits obtained for SN 2013ge (red stars) in comparison to other Type Ib/c SN. GRB-SN
are shown in blue, relativistic SN in black and other Type Ib/c SN in grey. The limits obtained for SN 2013ge are among the deepest
obtained to date for a normal Type Ib/c SN. Only SN 2007gr and SN 2002ap have deep limits or fainter detections in either wavelength
regime.

It is evident that there is evolution of the emission pro-
file between +48 days and +97 days. The feature dra-
matically narrows, an e!ect that, to our knowledge, has
not previously been observed. The width of the emis-
sion feature observed in SN2007gr did not evolve over
a similar range of epochs. This behavior may be linked
to di!erent mixing properties in the ejecta of SN 2013ge
and SN2007gr, as evidenced by their nebular line ratios,
above. Detailed modeling of the CO-band will be pre-
sented in Milisavljevic et al. (in prep).

5. LOCAL ENVIRONMENT PROPERTIES

5.1. Host Galaxy Sub-Environment

SN2013ge exploded on the outskirts of NGC3287, an
SB(s)d galaxy, approximately 51 arcseconds NE of the
galaxy core. This corresponds to a normalized18 o!set
of 2.33. The north-east portion of NGC3287 is char-
acterized by a large number of blue stellar knots (see
Figures 1). In our 2015 Jan 15 IMACS spectrum (445
days post maximum) the SN flux had fallen enough to
reveal an unresolved knot of star formation (in the form
of narrow emission lines) at the SN position.
We measured the fluxes of these emission lines at the

SN explosion site using the MCMC method of Sanders
et al. (2012). The measured H! luminosity of !1.0 "

1038 erg s!1 leads to an explosion site star formation
rate of ! 8.0 " 10!4 M" yr!1 (Kennicutt 1998). This
value is on the low end for HII regions associated with
core-collapse SN studied by Crowther (2012).
Using the PP04N2 diagnostic (Pettini & Pagel 2004),

we find an explosion site metallicity for SN2013ge of
log(O/H) + 12 = 8.40 ± 0.05. This value is approxi-
mately half-solar (assuming log(O/H)solar + 12 = 8.69;
Asplund et al. 2005) and does not deviate strongly from a
metallicity measured with an SDSS spectrum taken near
the galaxy core. This places the host environment metal-
licity of SN 2013ge in approximately the bottom 25% of
the distribution measured for Type Ib and Type Ic SN
and approximately the top 25% measured for Type Ic-BL
in Sanders et al. (2012).

18 Normalized by the SDSS dr10 g-band half-light radius.

5.2. Non-Thermal Limits on Progenitor Mass-Loss Rate

As described above, we observed SN2013ge in both the
radio and X-ray bands during the main part of the opti-
cal outburst. Although we obtained only non-detections,
as shown in Figure 16, these limits are among the deepest
ever obtained for a Type Ib/c SN. Only the nearby (d !

10 Mpc) Type Ic-BL SN2002ap has intrinsically fainter
emission which was detected in both regimes. Particu-
larly notable, our radio observations constrain SN2013ge
to be fainter than SN2007gr at a similar epochs.
For SN which explode into a CSM characterized by

a low-density, fast, wind (as is the case for Type Ib/c
SN) X-ray emission near maximum light is due to In-
verse Compton (IC) up-scattering of optical photospheric
emission by electrons accelerated at the SN shock. In
contrast, radio emission is characterized by a synchrotron
self-absorbed spectrum, created by electrons accelerated
by the SN shock interacting with amplified magnetic
fields (Chevalier & Fransson 2006). As such, radio and X-
ray emission (or lack thereof) provide independent con-
straints on the density of the CSM surrounding the pro-
genitor star. In this section we examine the constraints
on the progenitor mass-loss rate that can be gained by
both observations, as well as the implications for the pro-
genitor system.

5.2.1. X-ray IC Limits

To model the X-ray upper limit in the context of IC
up-scattering, we utilized the models of Margutti et al.
(2012, 2014) which are based on the formalism of Cheva-
lier & Fransson (2006). The luminosity of the IC signal
is proportional to bolometric luminosity (Lbol) and addi-
tionally depends on the outer density structure of the SN
ejecta, the density structure of the CSM, the energy spec-
trum of electrons which up-scatter the optical photons,
the fraction of post-shock energy in relativistic electrons
("e), and the explosion properties of the SN (ejecta mass,
kinetic energy). Notably, the IC signal does not depend
on the fraction of energy in magnetic fields ("B) and since
LIC # Lbol the mass-loss rate we derive is independent
of any uncertainty in the distance to the SN.
Throughout our analysis we use the bolometric light



Probing Pre-SN Mass-Loss 

1. Low Density Environments: Radio and X-ray Emission 
SN Ibc, IIb, II 



Probing Pre-SN Mass-Loss 

1. Low Density Environments: Radio and X-ray Emission 

2. High Density Environments: Optical Emission 
SN Ibc, IIb, II 

SN IIn, Ibn 



High Density Environments 
SN IIn 

Margutti+2014 

•  Rates: 7-9% of the CCSN Rate 
•  Pre-SN Mass Loss Rates 10-3 to 10-2 Msun yr-1 
•  Some massive stars undergo a period of enhanced, possibly violent/eruptive  

mass-loss in the years immediately prior to explosion. 



High Density Environments 
SN IIn 

•  Rates: 7-9% of the CCSN Rate 
•  Pre-SN Mass Loss Rates 10-3 to 10-2 Msun yr-1 
•  Some massive stars undergo a period of enhanced, possibly violent/eruptive  

mass-loss in the years immediately prior to explosion. 

SN2013ge 7

Fig. 3.—

LBV-like eruptions 



1. The full range of CSM parameters found (radius of material, density profile) 

3. The progenitor stellar populations in which these explosions occur 

Observational Constraints:  

High Density Environments 
SN IIn 

2. Direct progenitor identification (when possible) 



1. The full range of CSM parameters found (radius of material, density profile) 

3. The progenitor stellar populations in which these explosions occur 

Observational Constraints:  

High Density Environments 
SN IIn 

2. Direct progenitor identification (when possible) 

Gal-Yam & Leonard (2009) 



1. The full range of CSM parameters found (radius of material, density profile) 

3. The progenitor stellar populations in which these explosions occur 

Observational Constraints:  

High Density Environments 
SN IIn 

2. Direct progenitor identification (when possible) 



1. The full range of CSM parameters found (radius of material, density profile) 

3. The progenitor stellar populations in which these explosions occur 

Observational Constraints:  

High Density Environments 
SN IIn 

2. Direct progenitor identification (when possible) 

Anderson+2012, Habergham+2014 

“Weak association … with star formation as 
traced by Halpha emission, particularly in 
comparison with Type Ic SNe.”  



1. The full range of CSM parameters found (radius of material, density profile) 

3. The progenitor stellar populations in which these explosions occur 

Observational Constraints:  

High Density Environments 
SN IIn 

2. Direct progenitor identification (when possible) 

“Weak association … with star formation as 
traced by Halpha emission, particularly in 
comparison with Type Ic SNe.”  

Type IIn SN Are 
Incredibly Diverse 

Anderson+2012, Habergham+2014 



Luminous Interacting SN 

•  Massive CSM envelopes  
imply massive progenitor 
stars 

Image: N. Smith 



Luminous Interacting SN 

•  Massive CSM envelopes  
imply massive progenitor 
stars 

•  Type “Ia-CSM” also reach 
these luminosities  
(i.e. Silverman+2013) 

Image: N. Smith 



Pan-STARRS1 

•  10 Medium Deep Fields  
(7.2 square degrees) 

•  Daily cadence  
(3-4 days for griz set) 

•  Photpipe difference imaging 
pipeline identified ~5,000 
transients over 4.5 years. 



PS1-Type IIn SN Sample 

PS1 Type IIn SN 7

Fig. 5.—

CHAPTER 6. PS1-MDS TYPE IIN SN

Figure 6.4.—: Bolometric Light Curves for the PS1-MDS sample of interacting transients.

Events span two orders of magnitude in both peak luminosity and characteristic timescale.
A number of events have luminosities which exceed 1043 erg s!1 more than a year post-

explosion. Objects for which we do not constrain the peak magnitude are plotted in grey.

6.3.3 Timescales

As can be seen in Figure 6.4, the SN display a wide range of observed timescales.

These range from PS1-13adh, which declines by !2.5 magnitudes in the first 20 days

post-maximum, to PS1-11ad, which decays by only !0.5 mag over >100 days. Of

the luminous transients in our sample two (PS1-11vo and PS1-12zc) appear to show

248

•  25 SNIIn 

•  13 Luminous  

•  <z> = 0.25 

 



PS1-Type IIn SN Sample 

•  25 SNIIn 

•  13 Luminous  

•  <z> = 0.25 

•  Multi-band light 
curves  

 



PS1-Type IIn SN Sample 

•  25 SNIIn 

•  13 Luminous  

•  <z> = 0.25 

•  Multi-band light 
curves  

•  Deep host galaxy 
imaging  

•  Precise astrometry 

CHAPTER 7. LUMINOUS TYPE IIN HOST GALAXIES
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Figure 7.1.—: Host galaxy explosion environments for all PS1-MDS Type IIn SN. Images are from iP1-
band PS1 templates. Transient explosion sites are marked with red crosses. Rows 1-3: Host galaxies of
transients classified as luminous. Row three also includes host environments of PS1-12gy and PS1-12bub.
These two transients peaked between PS1-MDS observing seasons, and we cannot constrain whether they
pass our definition for “luminous” transients outlined in Chapter 5. We analyze their host properties
here, but they are not included in our statistical analysis. Rows 5-6: Host galaxies for Type IIn SN not
classified as luminous.

photometry was performed and image zero-points were determined from observations of

ciation of Universities for Research in Astronomy, Inc., under cooperative agreement with the National
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Host Galaxies of Luminous 
Interacting Transients 



Host Galaxies of Luminous 
Interacting Transients 

Luminosity: Mass: 

Lunnan et al. (2014) 



Host Galaxies of Luminous 
Interacting Transients 

Luminosity: Mass: 



Host Galaxies of Luminous 
Interacting Transients 



Host Galaxies of Luminous 
Interacting Transients 

See also: Leloudas+2015, Perley+2016 



Location, Location, Location 
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Smith et al. (2008) 

Location, Location, Location 



Smith et al. (2008) 
LSQ15abl

5"

PS1-11aop

5"

PS1-11vo

5"

Location, Location, Location 



Smith et al. (2008) 

Luminous Type IIn SN are heavily represented in the central ~kpc of their host galaxies 

Location, Location, Location 



Thank You 


