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Fast and not so Luminous - Ca-Strong
Diverse in Photospheric Phase Similar in Nebular Phase

Lunnan et al. 2017Lunnan et al. 2017



Fast and not so Luminous - Ca-Strong

Perets et al. 2010

Kasliwal et al. 2012



De et al. 2018

Fast and not so Luminous - Even More Extreme
A&A proofs: manuscript no. aanda

Fig. 3. (Top) g-band light curves of various fast transients; SN 2019bkc
and the Ca-rich SNe 2010et , 2012hn, iPTF14gqr, and iPTF16hgs. The
red line is the ELDD-L model from Sim et al. (2012). The inset shows
the g band light curve with an estimated upper limit of 19.5 mag (green
star) derived from the ATLAS-o band magnitude of 19.8 assuming the
SED is a black body at ⇠ 20000 K. (Middle) r or R band light curves
including SNe Ic 2005ek and 1994I, and the unusual transients SNe
2010X and 2002bj. (Bottom) i or I band comparison with the addition
of the Ti-dominated transient OGLE-2013-SN-079. The initial ATLAS-
o non-detection is treated as if it was in r and i respectively.

sults in a synthetic g magnitude limit of 19.8 > g > 19.1 mag
for temperatures in the range, 104 < T < 105 K. At T = 25000
K the g limit is ⇠ 19.5 mag. The inset in the top panel of Fig. 3
shows that SN 2019bkc had a very sharp rise from non-detection
to detection before levelling o↵, this is di�cult to reconcile with
a simple blast-wave approximation of L / t

2, and we note that
the light curve of Ca-rich iPTF14gqr showed a double-peaked
profile (De et al. 2018b).

3.2. Pseudo-bolometric light curve

The griz and ugriz pseudo-bolometric light curves of SN
2019bkc were constructed following the method in Prentice et al.
(2016) and are shown in Fig 5 compared to other fast-evolving
transients. A simple polynomial fit to the light curves shows it
reached a griz peak of (1.41 ± 0.06) ⇥ 1042 erg s�1 in 6.1 ± 0.4 d
after estimated explosion and ugriz peak of (1.9±0.1)⇥1042 erg
s�1 in 5.0 ± 0.4 d. The time for the griz light curve to decay by

Fig. 4. Peak absolute magnitude in B or g as a function of decline rate
for a selection of transients and SN 2019bkc. Di↵erences in magnitude
system and filter bandpass are negligible for the purpose of this plot
which shows that the rapid decline of SN 2019bkc is unprecedented
compared to the comparison objects. The SNe Ia data are from Galbany
et al. (2019).

half its peak luminosity is 4.01 ± 0.04 d. SN 2019bkc reached a
similar peak luminosity to 56Ni-driven core-collapse events but
approximately 10 times lower than that of thermonuclear SNe Ia.
A rise time of ⇠ 5 � 6 d is short but not excessively so, whis is
similar to iPTF14gqr. However, its subsequent rapid decline is
only rivalled by that of kilonova AT 2017gfo (e.g. Drout et al.
2017; Smartt et al. 2017), but the two are not spectroscopically
similar.

On the assumption that the light curve peak is powered by
56Ni decay (and excluding in this scenario the presence of short-
lived radioisotopes), we use the analytical form of “Arnett’s rule”
(Arnett 1982) as given in Stritzinger & Leibundgut (2005) to find
the 56Ni mass required to give these peak luminosities. The rise
time of the light curve is taken to be ⇠ 5 d by assuming the
explosion date to be midway between the ATLAS non-detection
and the first ZTF detection (MJD 58540.9±0.4). These values are
found to be MNi ⇠ 0.031 M� and MNi ⇠ 0.037 M� for the griz

and ugriz luminosities, respectively. This method also assumes
that the 56Ni is located centrally, which may not be valid for this
event (see Khatami & Kasen 2019), thus these values should be
considered upper limits.

We also estimated the ejecta mass Mej using the formulation
given in Arnett (1982) and expressed as

Mej =
1
2

✓�c


◆
⌧2

mvsc (1)

where � ⇡ 13.7 is a constant of integration, ⌧m is a timescale
of the light curve model which can be approximated by the rise
time, vsc is a scale velocity which we take to be a measured line
velocity around maximum light, and  is the opacity, which is
assumed to have a constant value of 0.07 cm2 g�1 (for a discus-
sion on appropriate choices of  see Taddia et al. 2018; Nagy
2018). Thus, using the ugriz rise time of 5 d and a scale velocity
vsc = 14 500 km s�1 from the Si ii �6355 line (see Section 4), we
found Mej⇠ 0.4 M�.

4. Spectroscopy

Spectra of SN 2019bkc were taken over a 20 day period cover-
ing from shortly before maximum light until well into the de-
cay phase (Fig. 6). The epochs that spectra were taken at are
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SN 2002bj

SN 2019bkc

SN 2018kzr

Poznanski 
et al. 2010

McBrien 
et al. 2019

Prentice et al. 2019



Fast and not so Luminous - Ibn’s
Hosseinzadeh et al. (2017)

Pastorello et al. (2015)

He I He I He IHα



Fast and not so Luminous - Ibn’s

Hosseinzadeh et al. (2019)
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Slow and Faint

Gutierrez et al. 2020
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14hls-like

Arcavi et al. (2017), Yang et al. (2020)



Science Topics

Slowly EvolvingRapidly Evolving

Luminous

Faint

The “can’t 
be Ni” 
events

Ca-
rich, 

02bj’s, 
Ibn’s,”gap”

,…

SLSNe

DES16C3cje
-likes

14hls-likes

Expect 1/3-1 event per 
year, 18h / event to 
measure velocity 
evolution. 



Science Topics

Slowly EvolvingRapidly Evolving

Luminous

Faint

The “can’t 
be Ni” 
events

Ca-
rich, 

02bj’s, 
Ibn’s,”gap”

,…

SLSNe

DES16C3cje
-likes

Luminous 
very linear 

SNe II
14hls-likes



Supernovae II-(very)L 

SN 2016gsd

Reynolds et al. 2020
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Topic Time Estimate Interested Members

Fast & luminous (can't be powered by Ni) 10h / event to classify the population. Expect 2 events per year. Total time: 20h per year. Iair, Rubina, Claudia, 
Giuliano, Stephen

Fast & not so luminous (“gap” transients, 
including Ca-strong, fast Ibn's and 02bj-likes)

10h / event to classify the population. Expect 15 events per year. Total time: 150h per year. Stephen, Stuart, Stefano, 
Sergio, Andrea, Giuliano

SLSNe: Complete and controlled sample to 
within a certain distance

10h / event for 5 events per year. Total time: 50h per year. Sergio, Stephen, Stefano, 
Hanin, Seppo

Luminous very linear Type II's: Spectra to 
check for narrow lines at early phases.

10h / event, for 1/2 event per year. Total time: 5h per year. Seppo, Claudia, Hanin

Slow and faint (DES16C3cje-like) 2h per month. Expect ~1 per year.

Total time: 24h per year

Claudia

14hls-like ~1h once a month for ~3 years to measure 
velocity evolution. Expect 1/3-1 events per year.

Iair, Andrea, Claudia, 
Enrico

Slowly-evolving Ibn’s <1 event per semester, ten 1.2h spectra per event. Andrea

Total: 249 hours per year



Possible Overlaps With Other WGs

• WG 5 (Ia’s): Ca-rich class 
• WG 7 (Intermediate Luminosity Transients) 
• WG 8 (CC-SNe): Interaction-powered events 
• WG 12 (GWs): Rapidly evolving events (non-GW KNe?) 
• WG 13 (Classi!cations)



WG6 Todo List

• Discuss overlaps with other WGs 
• Prepare proposal for science cases mentioned here 

(not covered in other WGs). 
• The total request of 250 hours per year is to be divided 

between INAF, UTU, QUB, MAS, Tel Aviv, Weizmann, 
and Aarhus 

• Anyone wishing to join, please contact Iair 


