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L U M I N O U S  FA S T  B L U E  O P T I C A L  T R A N S I E N T S

LFBOTs are Luminous (-22 < M < -20), Fast - 
(FWHM ￼  5 days), and Blue (g-r < 0)≲

￼2

Margutti+2019

Multi-wavelength events: X-rays at early times and 
radio at later times provides evidence for a central 

engine pushing a shock into a dense medium
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( M O R E )  P R O O F  F O R  C E N T R A L  E N G I N E S

￼3

Plateau[?] phase (100s-1000s of days after 
the transient) - implying an accretion disk?  

Accepted JWST Cycle 5 program to probe 
the 2018cow accretion disk SED!

Sun+2023
Ho+2023

Episodic late-time flaring from t0 to t0 + 100 d points to a compact 
emitting region (￼ ), relativistic outflow velocities and a 

high brightness temperature, corresponding to nonthermal emission 
(synchrotron?) from a possibly accreting black hole.

9 × 1011cm ⋅ Γ2
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Flaring phase (tens of days after the initial event)—red outbursts (u-I ~ 1.4) comparable 
to the luminosity of the original transient, with rapid variability (minutes-timescale)

Ho+2023
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Searching for these flares requires a survey that: 
✓ has an observational cadence of minutes;  
✓ is able to observe the LFBOT for a long 

duration after the initial emission phase; 
✓ has a bandpass sensitive to redder colors

Field of view: 2304 deg2 
Cadence: 200 seconds!

Large Array Survey Telescope; Ofek+2023

Law+2022
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T H E  S A M P L E

￼6
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T E S S  L I G H T  C U R V E S

￼7

Scattered light from 
Earth- and Moonshine Often, the light curve and background are strongly 

correlated, suggesting that the signal is not real

Jayaraman+in prep
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T E S S  L I G H T  C U R V E S :  R E S U LT S

￼8

Rise and fall on timescales of a few 
hours, with clear evidence of 

something moving through the 
aperture during the observation

We do not find evidence for flaring in TESS data at luminosities ~comparable to the 
original transient on timescales of ~hundreds to thousands of days after the event. 

(currently working to more precisely quantify this claim)
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L O O K I N G  F O R W A R D …

￼9

Flaring similar to AT2022tsd in its structure 
can be detected by TESS out to z ~ 0.04. If 
we don’t want to resolve structure, TESS can 

detect flares (binned) out to hundreds of Mpc.

Other surveys, such as LAST and the 
Argus Array, have a more optimistic 

rate; we predict a few to tens of 
detections per year of such flaring!
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S U P E R N O VA  S H O C K  C O O L I N G

￼10

TESS’s cadence and continuous monitoring enables searches for and constraints on 
shock cooling emission in core-collapse SNe—these events are also fast and blue.

Wang+2023
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S H O C K  C O O L I N G  I N  S U P E R N O VA E  W I T H  T E S S  +  Z T F

￼11

We do not find any evidence for shock cooling in any of the supernovae from the ZTF 
Bright Transient Survey (BTS) in TESS, which helps constrain the progenitor radius.If we combine TESS with Rubin and ZTF, we can search for shock cooling or other flux features in nearby, 

bright supernovae, with high-cadence light curves! This is interesting for SNe powered by central engines (such 
as Ic-BL/GRB-SNe), probing pre-explosion mass loss (SN2018gep, Ho et al. 2018; iPTF14gqr, De et al., 2018)
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T E S S  +  L S S T  +  Z T F

￼12

Each of these three surveys has their own, distinct, advantages: 

• TESS provides high-cadence light curves at early times for bright/nearby 
transients, revisiting fields every ~year, enabling searches for late-time flaring 

• ZTF provides early-time color information through its ongoing survey, focusing 
on multi-band day-cadence observations of the LSST fields 

• Rubin/LSST will act as the detection machine for these transients, and can 
enable long-term monitoring (out to years) as the transient fades103 104 105 106
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C O N C L U S I O N S

• We still lack a good understanding of the rate of late-time flaring in LFBOTs. We analyzed 
late-time TESS data for the 13* known LFBOTs and did not find evidence of such flaring in any 
such event. We are working to quantify our limits. 

• We searched for shock cooling emission from the ZTF Bright Transient Survey core-collapse 
supernova sample in TESS and did not find any evidence for SC.  

• Future directions: (1) Comparing TESS image differencing algorithms as part of the shock 
cooling search; (2) Collaborating on flare searches in other transients (e.g., TDEs); and (3) Fine-
tuning fast transient filters for ZTF and LSST and integrating them with TESS photometry

TESS will be best used in conjunction with ZTF and Rubin/LSST to study the early-time 
behavior of transients, especially those powered by central engines, and constrain 

the  late-time behavior of such events—alongside LAST and the Argus Array.

￼13
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B A C K U P
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T E S S  L I G H T  C U R V E S :  S TAT I S T I C A L  P R O P E R T I E S

￼15

“Normal” light curve 

with a non-detection Two solar system objects 

(“rocks”) in the aperture Considerable scattered 

light enters camera
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T E S S  L I G H T  C U R V E S :  L I M I T S  AT  T H E  N AT I V E  C A D E N C E

￼16

We do not find evidence of 
flaring on timescales of minutes 
at the native cadence of TESS 
at luminosities comparable to 
that of the original transient

Working on further investigation (binning the 
light curves to impose a more stringent limit), 

though higher z complicates things (we 
could strengthen these limits up to 3x)
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