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“Fast Blue Optical Transient”
What is an FBOT?

1. Have luminosities similar to 
supernova (-15 ≳ M ≳ -21)

2. Have short timescales (time 
above half light ≲ 12 days)

3. Have relatively blue colors 
near maximum (g-r ≲ -0.2) 

This is not a “normal” classification 
scheme. 

It was has retroactively been applied to 
transients with timescales shorter than 

“typical SN”

Likely encompasses multiple types of 
progenitors/explosions



Examples have been known for 25+ years
The Observed Landscape of FBOTs

SN1999cq (Matheson+2000) was a rapid 
and luminosity transient with narrow HeI 

lines in its spectrum (Type Ibn)
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The Observed Landscape of FBOTs

Systematic searches conducted in:  PanSTARRS (Drout+2014), SNLS (Arcavi+2016), Subaru HSC 
(Tanaka+2016, Tampo+2020), DES (Pursiainen+2018), ZTF (Ho+2023), etc.
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Fig. 1.— PS1 absolute magnitude, rest-frame, light curves for gold sample transients. Circles represent grizP1 detections and triangles
represent 3σ upper limits. Vertical dashed lines indicate epochs when spectroscopic observations were acquired. The grey shaded region is
the R−band type Ibc template from Drout et al. (2011), normalized to the peak magnitude of the PS1-MDS transient.

Fig. 2.— Same as Figure 1 for silver sample objects.

Fig. 3.— PS1 apparent magnitude, observer-frame, light curves for our bronze (non-spectroscopic) sample. Symbols have the same
meaning as Figure 1.

Ia, type Ib/c and type II SN. In V-band, typical type Ia
and type Ib/c SN will rise by 0.6 − 0.75 mag in the 10
days immediately prior to maximum light and decline by
1.0 − 1.2 mag in the 25 days post-maximum (Riess et al.
1999; Drout et al. 2011; Li et al. 2011). At higher red-
shifts PS1 will probe bluer wavelengths (which typically
evolve more rapidly) but this will compete with the ef-
fects of time dilation. Many type II SN would easily pass
the rise time requirement, but they decline by !0.5 mag

in the 25 days post maximum (Li et al. 2011; Hamuy
2003). The most rapid type Ic SN (e.g. SN1994I; Rich-
mond et al. 1996) and most rapid SN1991bg-like type Ia
SN (Taubenberger et al. 2008) would barely pass all three
of our requirements if caught at maximum light. How-
ever, any given PS1 band is only observed every three
days and we require the same band to pass both our
rise and decline cuts. We therefore expect our selected

Drout et al. 2014
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featureless/blue spectra at maximum 
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Fig. 12.— Left Panel: Pseudo-bolometric light curves for the
gold and silver transients. Right Panel: Pseudo-bolometric light
curves for other rapidly-evolving transients from the literature: the
type Ic SN 2005ek (Drout et al. 2013) and 2010X (Kasliwal et al.
2010), the type Ib SN 2002bj (Poznanski et al. 2010), the type IIb
SN 1993J (Schmidt et al. 1993), and the type IIn PTF09uj (Ofek
et al. 2010).

by our highest redshift event, and the approximate range
of our spectra in Section 5.
Using this formulation, our peak pseudo-bolometric lu-

minosities span a range of approximately 2×1042 ergs s−1

< L < to 3×1043 ergs s−1, and are plotted in Figure 7.
If we had instead utilized a UV bolometric correction
that integrated the entire best fit blackbody, these values
would be approximately a factor of 2 higher. In the left
panel of Figure 12 we plot our derived pseudo-bolometric
light curves. The number of epochs for which we can con-
strain the luminosity is limited for the silver transients.
The energy radiated by the six gold transients between
−3 and +20 days ranged from 2 ×1048 ergs (PS1-12bb)
to 2 ×1049 ergs (PS1-11qr).
For comparison, we also show the pseudo-bolometric

light curves of several other rapidly-evolving events (right
panel): SN 2002bj (Poznanski et al. 2010), PTF09uj
(Ofek et al. 2010), SN2010X (Kasliwal et al. 2010) and
SN2005ek (Drout et al. 2013), as well as the double
peaked SN1993J (Schmidt et al. 1993). The curves
for SN2005ek, SN2002bj, and SN1993J were calculated
from multi-band photometry in a manner similar to
that utilized here, while the curves for SN 2010X and
PTF09uj were derived based on r-band data only. We
note that SN2005ek and SN2010X, which have been pro-
posed to be powered mainly by radioactive decay (Drout
et al. 2013; Kasliwal et al. 2010; Tauris et al. 2013),
are less luminous than the PS1-MDS events, while the
more luminous PTF09uj and the first peak of SN1993J
are thought to be powered by cooling envelope emis-
sion/interaction. These power sources will be discussed
further in Section 8.
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Fig. 13.— Explosion spectra for five PS1-MDS transients (col-
ored) in comparison to events from the literature (black). With the
exception of PS1-12bb our events are dominated by a blue contin-
uum, with a lack of strong P Cygni features. Some contributions
from the host galaxy (e.g. nebular emission lines) are still present
in these events. PS1-12bb shows a redder continuum and a no-
table lack of broad nebular features at +33 days. The top panel
shows literature objects thought to be powered by cooling enve-
lope emission/interaction while the bottom panel shows objects
powered by radioactive decay (type Ib SN 2002bj Poznanski et al.
2010; type IIb SN 1993J Barbon et al. 1995; type IIn PTF09uj
Ofek et al. 2010; type Ia SN 2011fe Pereira et al. 2013; type Ic
SN2007gr Valenti et al. 2008; type Ic SN 2005ek Drout et al. 2013;
type Ic SN2010X Kasliwal et al. 2010).

5. SPECTROSCOPIC PROPERTIES

We obtained spectra during outburst for five tran-
sients: PS1-11bbq, PS1-12bb, PS1-12bv, PS1-12brf, and
PS1-13duy. These spectra are plotted in Figure 13. One
spectrum was obtained between two and four days post
maximum for each event and, in the case of PS1-12bb, a
second spectrum was obtained at +33 days. The spectra
shown for PS1-11bbq, PS1-12bv, PS1-12brf, and PS1-
13duy still contain some contribution from their host
galaxies, as evidenced from presence of nebular emission
lines. However, both the lack of a 4000 Å break and the
faint apparent magnitude of all four hosts (23 − 25 mag)
give us confidence that a majority of the continuum is
due to the transient itself.

5.1. Basic Properties and Comparison to other Events

From Figure 13 we see that the spectra are dominated
by continua as opposed to strong P Cygni features. Four
of the events, PS1-11bbq, PS1-12bv, PS1-12brf and PS1-

Drout+2014
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Wide-Field Surveys of the 2010s Grew Numbers
The Observed Landscape of FBOTs

Objects Span the Entire Luminosity 
Range of Supernovae

Rates (across all luminosities) are ~5% 
of the core-collapse SN rate

Host galaxies are star forming

Many (but not all) showed 
featureless/blue spectra at maximum 
and expanding/cooling photospheres

Wiseman+2020

Key Takeaways:
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When followed at later times, many FBOTs have been 
spectroscopically classified as a variety of ‘normal’ core-collapse SNe 

The Observed Landscape of FBOTs

Afsariardchi et al. (2021)

At lower luminosities, many 
have been classified as Type IIb

Key Open Question: what 
causes the deficiency of 56Ni in 

some events? Is it just 
consistent with the lower mass 

end of the distribution? 
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When followed at later times, many FBOTs have been 
spectroscopically classified as a variety of ‘normal’ core-collapse SNe 

The Observed Landscape of FBOTs

Ho+2019

At lower luminosities, a number of 
Type Ic-BL have now been identified 

(e.g. Whitesides+2017, Ho+2019)

Key Open Question: what is the 
origin of the early excess emission? 
Magnetar power? Shock cooling?

Precursor emission was detected in 
the event SN2018gep

Key Open Question: what causes the 
pre-explosion eruption/ejection?
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Type Ibn Supernovae

Ho et al. (2023)
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There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

Explosions with narrow HeI lines 
indicative of a blastwave interacting with 
He-rich (H-poor) circumstellar material

Maeda & Moriya (2022)

Light curves are actually remarkably 
homogeneous (compared to Type IIn) 

Typical CSM modelling implies ~0.1 
Msun of He-rich material close to the 

progenitor star.
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Key Open Question: what is the 
nature of the hydrogen poor 

progenitors?

Key Open Question: what is the 
mechanism by which this mass is 
ejected shortly before explosion?
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There have been 
multiple 

observations of pre-
explosion variability. 
Timescale of a few 
hundred days to a 

few years.

Pastorello et al. (2007)



There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

There have been multiple observations of 
pre-explosion variability. Timescale of a few 

hundred days to a few years.

Brennan et al. (2024)



There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

In several cases, broad emission 
lines have been detected at late 
times, confirming that they were 

genuine hydrogen-poor CCSN 
(e.g. Pastorello+2015, 

Matherson+2000, 
Brennan+2024).

Pastorello et al. (2015)



There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

While some show flatter light 
curves at late-times, which could 
be interpreted as ~0.1 Msun of 
56Ni, for others much deeper 

limits can be placed.

Pastorello et al. (2015)



There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

While some show flatter light curves at late-
times, which could be interpreted as ~0.1 

Msun of 56Ni, for others much deeper limits 
can be placed (e.g. Maeda & Moriya 2022; 

Chugai 2022).
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There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

Detection of a candidate binary companion 
to SN2006jc in post-explosion HST imaging 

(Maund et al. 2016, Sun et al. 2019)

Other Interesting Progenitor Observations

Sun et al. (2019)



There is significant overlap between FBOTs and Type Ibn SN
The Observed Landscape of FBOTs

There is an example of a Type Ibn 
exploding in an elliptical galaxy with 

no signs of nearby star formation

Other Interesting Progenitor 
Observations

Sanders et al. (2013) Hosseinzadeh et al. (2019)
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Type Ibn Supernovae
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Ho et al. (2023)
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A New Type of Beast Has Emerged at High Luminosity
The Observed Landscape of FBOTs

These are more extreme in both 
timescale and luminosity

Ho et al. (2023)

They are significantly rarer than 
FBOTs as a whole (<0.1% of the 

CCSN rate; Ho+2023)
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Some luminous FBOTs show 
signatures of interaction: there is 

CSM around

Some luminous FBOTs display 
persistently hot temperatures 

and receding photospheres

Perley et al. (2018)
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Some luminous FBOTs show 
signatures of interaction: there is 

CSM around

Some luminous FBOTs display 
persistently hot temperatures 

and receding photospheres

They have rich multiwavelength 
(X-ray and radio) behavior

Unique late-time behavior 
compared to other transients.

Chen, Drout, Piro et al. 2023b



A New Type of Beast Has Emerged at High Luminosity
The Observed Landscape of FBOTs

Some luminous FBOTs show 
signatures of interaction: there is 

CSM around

Some luminous FBOTs display 
persistently hot temperatures 

and receding photospheres

They have rich multiwavelength 
(X-ray and radio) behavior

Unique late-time behavior 
compared to other transients.

Migliori, Margutti et al. (2023)



A New Type of Beast Has Emerged at High Luminosity
The Observed Landscape of FBOTs

Some luminous FBOTs show 
signatures of interaction: there is 

CSM around

Some luminous FBOTs display 
persistently hot temperatures 

and receding photospheres

They have rich multiwavelength 
(X-ray and radio) behavior

Unique late-time behavior 
compared to other transients.0
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Key Takeaways:
CSM must play some role

There is a central engine

Accretion onto a compact object is 
important

Key Question: what is the nature of 
the compact object and explosion?

Key Question: Do luminous FBOTs 
launch jets or some other kind of 

outflow?
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Fast and Faint Type I SN
The Observed Landscape of FBOTs

Objects with very spectra that look 
like normal Ic (or Ib) SN. But just have 
very fast light curves. Note: not all of 

the them are technically ‘blue’.

Drout et al. (2013)
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Drout et al. (2013)

Key Question 1: Are these core-
collapse, thermonuclear, or other?

Spectral modelling for two (2005ek, 
2010X) showed ejecta dominated by 

oxygen, consistent with CCSN.
The Astrophysical Journal, 774:58 (18pp), 2013 September 1 Drout et al.

Figure 9. Comparison of SN 2005ek (red) and other well-studied SNe Ic (black;
SN 1994I, SN 2004aw, SN 2007gr, and SN 2010X). Strong similarities are
seen. Top: near maximum light. The regions around C ii λ6582 and O i λ7774
are shaded. Bottom: transitional spectra. The region around O i λ7774 and C i
λ9095 are shaded.
(A color version of this figure is available in the online journal.)

of the ejecta’s density and composition structure. It operates
under the assumption of spherical symmetry, homologous ex-
pansion (radius proportional to velocity), a sharp photosphere,
and a pseudo-blackbody continuum level. Line formation is due
to pure resonant scattering (treated using the Sobolev approx-
imation) and Boltzmann statistics are utilized to determine the
relative line strengths for a given ion. For more details, see
Branch et al. (2002) and Thomas et al. (2011).

In Figure 10 we show three representative SYN++ fits,
covering the evolution of SN 2005ek between −1 and +9 days.
Major spectroscopic features are labeled. In all cases, the
excitation temperature was set to 10,000 K and we chose an
exponential form for the optical depth profile. The photospheric
velocity used in these fits ranges from ∼9000 km s−1 (day −1)
to ∼7000 km s−1 (day +9).

The near-maximum-light spectra of SN 2005ek can be mod-
eled with a combination of O i, C ii, Mg ii, Si ii, Ca ii, Ti ii, and
some Fe ii at 8000–9000 km s−1. S II is also included, although
evidence for it is very weak. Between the −1 day and maximum-
light models Na i was added to describe the feature near 5700 Å.
In Figure 11 we present the individual ion components of the

Figure 10. SYN++ model fits to the −1 day, maximum-light, and +9 day
spectra of SN 2005ek (red lines). Observed spectra are shown in black. Major
spectroscopic features are labeled.
(A color version of this figure is available in the online journal.)

Figure 11. Top: SYN++ model for the maximum-light spectrum of SN 2005ek,
separated by ion. Bottom: full model (red) along with a similar model
constructed for the −4 day spectrum of SN 2010X (blue). Observed spectra
are shown in black.
(A color version of this figure is available in the online journal.)

maximum-light model. Also displayed (blue, lower panel) is a
model constructed from the same set of ions for the −4 day
spectrum of SN 2010X. This highlights the similarities between
the spectra of SN 2005ek and SN 2010X and demonstrates that
our fitting scheme is equally applicable to both events.

Despite growth in the emission component of the Ca ii near-
IR triplet, the +9 day spectrum of SN 2005ek still shows a
partial environment of resonant-line scattering, indicating it can
be approximately modeled with SYN++. By this epoch, the Si ii
and C ii features found near maximum light have already faded.
A majority of the features can be attributed to Fe ii and O i, along
with Na i, Ca ii, and a decent fit to C i λ9095 (consistent with the
presence of C ii at earlier epochs) at ∼7000 km s−1. SYN++ fits
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Figure 6. Selected spectrum calculated from our fiducial ejecta model of Fig. 4 shown against observed data. The overall shape is similar, and most of
the important spectral features are reproduced. Discrepancies may arise from our assumption of LTE, simplified power-law density structure or the untuned
abundances assumed.

Figure 7. Time series of selected synthetic spectra of our fiducial ejecta model of Fig. 4 compared the observed data of SN 2010X showing the evolution of
the oxygen line and other prominent features. The order of the observed and synthetic spectra is chosen to highlight spectral similarities, some of which are
more easily seen by comparison of spectra at slightly different phases.

ejected very little radioactive material and the light curve was in-
stead powered by the diffusion of thermal energy deposited by the
explosion shock wave. The short duration of the light curve, de-
spite the relatively high ejected mass (M ∼ 3–4 M⊙), is due to
recombination, which dramatically reduces the effective opacity.
The evolution is similar to SNe IIP, and the sharp decline of the

light curve can be understood as reflecting the end of an ‘oxygen
plateau’. Our 1D radiation transport models demonstrate that the
observations of SN 2010X are consistent with this scenario. Em-
pirically, the spectral similarity of SN 2010X with the SN Ic 1994I
strongly suggests that these events have oxygen-dominated ejecta
as would be expected in stripped core-collapse SNe. Similar rapidly
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Fast and Faint Type I SN
The Observed Landscape of FBOTs

Key Question 2: what is the origin of 
their emission? Several options:

Radioactive decay of 56Ni in a very 
low ejecta mass (~0.2-0.3 Msun) 

explosion. “Ultrastripped SN”.

Drout et al. (2013)

Tauris
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Key Question 2: what is the origin of 
their emission? Several options:

Kleiser & Kasen (2013)

Cooling of an inflated oxygen 
envelope in an explosion that ejects 

almost no 56Ni. “Oxygen Plateau SN”.

324 I. K. W. Kleiser and D. Kasen

Figure 4. Light curves in g, r and i calculated for a pure explosion model of SN 2010X, plotted against the data. This model was obtained with Mej = 3.5 M⊙,
E51 = 1 B and R0 = 2 × 1012 cm. The dashed lines show light curves in UBVRI for SN 1994I, a typical SN Ic, for comparison.

Figure 5. Calculated light curves using parameter variations around our fiducial ejecta model for SN 2010X, which has parameters Mej = 3.5 M⊙, E51 = 1 B
and R0 = 2 × 1012 cm. Top left: light curve calculations holding all parameters constant except ejecta mass. Top right: same as the top-left panel but with
varying explosion energy. Bottom left: same as top-right and top-left panels but with varying pre-SN radius. Bottom right: an alternative model that fits the
data fairly well with parameters Mej = 6 M⊙, E51 = 3 B and R0 = 9 × 1011 cm. This demonstrates the degeneracy in our approach and that the light curves
could be fitted with a range of parameters.
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Interesting features: early 
shock cooling peaks, early 

HeII emission in spectra, late-
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De+2018

A handful of new events 
(De+2018, Yao+2020, 

Agudo+2023, Yan+2023). 
Interesting features: early 
shock cooling peaks, early 

HeII emission in spectra, late-
time constraints on 56Ni 

Yao+2020

Generally consistent with 
ultrastripped SN with inflated 

He-rich envelopes
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There have also been events 
that push the envelope even 

further; SN2018kzr 
(McBrien+2019) and 

SN2019bkc (Chen+2020) 

Chen+2020

McBrien+2019

Both are too fast to be fit 
with 56Ni, but neither show 
distinct features of cooling 

emission near peak.
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Luminous FBOTs

Type Ibn Supernovae

Various Core-collapse SN

Fast and Faint Type I Supernovae
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Key Takeaways (for now)
The Observed Landscape of FBOTs

1. There is large diversity.

2. Many FBOTs can be understood as examples of previously known 
classes of transients (IIb, Ibn, Ic-BL, Ibc)

3. However, these events raise questions about:
• Mechanism by which envelopes are inflated/mass ejected in the 

final stages before core-collapse.
• Implications of the relatively paucity of 56Ni in some cases for 

the masses of the progenitors.

4. At the same time, new explosion mechanisms/types of phenomena 
are likely required at both the high and low luminosity end.


