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AN INTRIGUING DISCOVERY IN THE SKIES OF 
TEXAS…

2004 - Texas graduate student, now UCSD professor, Robert Quimby 
used a robotic telescope to conduct the Texas Supernova Search. 

Original (and on-going) goal: search nearby rich clusters of galaxies, 
Virgo, Coma, Perseus, Ursa Major, for supernova very early, days, 
after outburst.

The Texas Supernova Search

TSS: large field of view, rapid 
cadence of ROTSE, impossible with 
small field of view searches that 
target individual galaxies. 

Unbiased search - large galaxies, 
small galaxies, AGN nuclei, centers 
as well as outskirts.  

Included vast volume of space, ~109 
ly3 behind target clusters in ~5 
years.

Small telescope, big results…



A NEW TYPE OF SUPERNOVA

By far the most dramatic discovery by Robert Quimby and 
the TSS was a whole new class of supernovae, of order 10 

to 100 times brighter than the classical types. 

SN 2005ap 

SN 2006gy 

SN 2006tf 

Followed by the RSVP discoveries of 

SN 2008es 

SN 2008am 

and the list goes on…



SOME EARLY SLSN LIGHT CURVES
ROTSE-discovered SLSN events



KEY OBSERVATIONAL FEATURES OF SLSN

❖ Peak luminosity: Their peak absolute magnitude exceeds 
-21 mag corresponding to a luminosity of >100 billion 

suns!  

❖ Diversity: Their light curves (LCs) and spectra reveal a 
unique diversity in terms of peak luminosity, light curve 

shape and duration and chemical composition of the 
ejecta – “Astro-zoology”! 

❖ Host environment: Tend to reside in low metallicity dwarf 
galaxies 

❖ Occurrence rate: Are very rare (1-5 events discovered per 
year with PTF, PanSTARRS).



SLSN VERSUS ALL THE REST

Gal-Yam (2012)



SLSN SPECTRA

SLSN - I SLSN - II

Gal-Yam (2012)

(H-poor) (H-rich)



POWERING SLSN: CIRCUMSTELLAR 
INTERACTION

Chevalier & Fransson (1994)
Chatzopoulos, Wheeler & Vinko (2012a)



FITTING SLSN WITH CSM INTERACTION
• Analytical models (Chevalier & Irwin 2011, Chatzopoulos, Wheeler & Vinko 

2012). 
• 1-D radiation hydrodynamics simulations (Moriya et al. 2011; 2012, Ginzburg & 

Balberg 2012). The LC of SN 2006gy was reproduced to good accuracy. 
• Agreement between numerical and analytical results within uncertainties. 
• Suggested as the explanation for most SLSN – II events (e.g. SN 2008am). 
• Studied in the hydrogen – rich regime only, how about hydrogen – poor SLSNe? 
 

Moriya et al. (2011) Chatzopoulos, et al. (2013)

SN 2006gy



MODEL SPECTRA FOR INTERACTING SN

Dessart et al. (2015)



HOW ABOUT SLSN-I? (SN 2007BI)

• SN 2007bi has been proposed to be powered by large amounts of radioactive 
56Ni produced by a PISN explosion 

• SN 2007bi does not show signs of classic, H-rich CSM interaction in its spectra, 
and does show prominent lines of Ni, Co and Fe isotopes as well as Ca lines 

• The  ejecta mass for SN 2007bi is uncertain because the explosion date is not 
accurately known 

• Other SLSN – I events (SN 2006oz; Leloudas, Chatzopoulos et al. 2012) show 
oxygen rich CSM nebulae and could also be relevant to H-poor SN ejecta – CSM 
interaction



SLSN-I CONTINUED

• Analytic SN ejecta – CSM interaction models can fit the LC of SN 2007bi 

• Rapidly rotating progenitors of PPISN can lead to the ejection of H-poor 
shells that may interact with one another, the surrounding CSM or the 
ultimate SN (Chatzopoulos & Wheeler 2012a, 2012b) 

• The possibility cannot be ruled out that SN 2007bi-type events are 
powered by H-poor SN ejecta – CSM interaction around maximum 
luminosity, with some contribution from radioactive decay at the later times



THE CHALLENGE OF SPECTRAL MODELING 

• What about the lack of narrow lines (of Oxygen?) in SLSN-I spectra? 
Intermediate width emission lines of O I and O II do exist in the 
spectrum of SN 2007bi. Narrow lines could be absent simply 

because the ionizing source (reverse or even forward shock) does 
not ionize atoms all the way out to the un-shocked CSM. Another 

possibility is that the narrow component is absent because the CSM 
interaction involves only a fast-moving H-poor shell and not a pre-

shocked slow moving steady-state wind CSM.



SCOREBOARD: CSM INTERACTION MODEL

✓ Massive stars lose mass right before SN 
✓ Peak luminosity 
✓ Diversity 
✓ Occurrence rate 

? Host Environment 



REMEMBER WHAT REALITY LOOKS LIKE…



AN EXOTIC ALTERNATIVE: PAIR-INSTABILITY 
SUPERNOVAE

Very massive stars (ZAMS mass > 130 M◉) form large C/O cores (> 60 M◉) that are of 

high T but relatively low ρ a thermodynamical parameter space that favors the rapid 
creation of electron-positron pairs. -> Once rate of e-e+ creation exceeds average 
nuclear reaction rate the gamma-rays produced are absorbed by the pairs therefore 
leading to a pressure deficit. -> Initiation of collapse and explosive C/O burning and 
production of large amounts of radioactive 56Ni.



STELLAR DEATH AS A FUNCTION OF MASS

Heger & Woosley (2002)



EVOLVING TOWARD THE INSTABILITY
110 M◉, 10-3 Z◉, Ω/Ωcrit = 0.3 PPISN 

progenitor with MESA (movie)



EFFECTS OF ROTATION ON PISN

Chatzopoulos & Wheeler (2012)

• Including the effects of rotation in the evolution of the progenitors of PPISNe and 
PISNe leads to lower ZAMS mass limits for pair-instability to be encountered. 

• Rotationally-induced mixing (mainly driven by magnetic fields) leads to 
Chemically Homogeneous Evolution (CHE) and formation of larger final oxygen 

cores.  
• Mass limits first calculated by Chatzopoulos & Wheeler (2012)



SIMULATIONS OF PISN DONE WITH FLASH
200 M◉ non-rotating PISN progenitor evolved with MESA 

(Movies)

Temperature + Velocity arrows Density + contours of Ni-56



MODEL SLSN SPECTRA AND LIGHT CURVES
PHOENIX model LCs and peak luminosity spectra PISNe with 

and without rotation

No robust differences in 
spectra due to rotation. 

Most differences 
attributable to different 
surface composition and 
SN ejecta temperature 
and velocity.

Chatzopoulos et al. (2015)



WAS SN 2007BI A PISN?

Agreements found in terms of LC (Gal-
Yam 2009, Kasen et al. 2011, Kozyreva et 
al. 2014) but…

…Spectra are quite different at 
contemporaneous epochs (agreement 
with Dessart et al. 2014).  

No PISN model fit spectra of SN 2007bi 
or any other SLSN. The implied colors 
are also very red compared to observed 
SLSN events.



SCOREBOARD: PISN MODEL

Caveat: Very Massive local Universe stars lose most of their mass via radiative driven 
winds 

X Peak luminosity – Sensitive to ICs 
X Diversity 

✓ Occurrence rate 
✓ Host environment



AN INTRIGUING ALTERNATIVE: MAGNETAR 
SPIN-DOWN

• Semi-analytical LC models can provide 
estimates of initial magnetar B-field and 
rotation period. 

• Objections about thermalization of 
radiation… 

• Some still favor this model for some H-
poor SLSNe. 

 

• Newly born magnetar spins-down in the center of expanding SN ejecta. 

• The spin-down converts magnetic/rotational energy to radiation released from the 
magnetic axis. 

• The radiation thermalizes in the expanding SN ejecta.



SCOREBOARD: MAGNETAR MODEL

Rotating massive stars form rapidly rotating proto-NSs 
✓ Peak luminosity 

X? Diversity (Yes in spectra but in LC shape?) 
✓ Occurrence rate 

X Host environment 



SUMMARY
➢ SLSNe were discovered due to the onset of unbiased, un-targeted fully automated transient 

searches like the Texas Supernova Search project. 

➢ SLSNe are 10-1000 times brighter than regular SN and show a striking diversity in their 
observed properties. Different LC shapes and luminosities and different compositions are 
seen. 

➢ SLSNe are very rare events and typically occur in low-luminosity “dwarf” galaxies. 

➢ SLSNe are divided in SLSN-II (H-rich) and SLSN-II (H-rich) events. 

➢ SLSNe can arise from SN ejecta - CSM interaction, magnetar spin-down and, perhaps PISNe or 
a combination of these. 

➢ PISN is an unlikely fit to observed SLSNe due to mass-loss, star-formation constraints. 

➢ Magnetar spin-down is a good candidate for SLSNe but still has unaddressed issues. 

➢ The vast diversity of SLSNe can be naturally explained by CSM interaction invoking a large 
parameter space. 

➢ In such case, the final radiative output of SLSNe is set by the details of pre-SN mass-loss: Need 
to understand mass-loss properties of massive evolved stars. 


