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Characterizing the late-time 
bolometric light curve

• Total energy set by 56Ni mass


• Light curve decline set by 
gamma-ray escape time t0


• t0 set by the mean gamma-ray 
optical depth, weighted by the 
56Ni distribution


• Late bolometric light curve 
defined in full by ρ, XNi → t0



What can be learned from 
t0?

• Strizinger+06, Scalzo+14: construct quasi-bolometric 
light curves, assume an ejecta model and get the total 
ejecta mass Mej. A significant fraction of SNe are sub-Mch.


• Wygoda+17: compare models to observed t0 range to 
constrain the models. Mch models have too large t0.


• Does the picture change when allowing an asymmetric 
56Ni distribution?



Effect of asymmetry on t0
• Assuming                   , the luminosity is not affected by 

asymmetry at late times


• But the gamma-ray deposition is affected through t0


• We want to quantify how much asymmetry is allowed 
given the observed t0 values

Lbol(t) = Qdep(t)



Toy asymmetric model
• Spherical density profile


• IGE zone offset from the 
center


•      - radius of IGE zone


•      - offset of IGE zone


• Constant 56Ni fraction


• Limit the zone at 10,000 km/s

ρ ∝ e−v/ve
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Results: sub-Mch models
• M=1 M☉, E=1e51 erg



Results: sub-Mch models
• M=1 M☉, E=1e51 erg



Results: Mch models
• M=1.4 M☉, E=1.5e51 erg



Results: Mch models
• M=1.4 M☉, E=1.5e51 erg



Current conclusions 
(work in progress)

• Asymmetry not likely to mitigate the large t0 issue for Mch 
models


• Try more suitable density profile


• An illustration of the t0 constraint


