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Presentation outline

1. Introduction to Tidal Disruption Events (TDEs)

2. Description of the early TDE classification module
• Preprocessing steps

• Feature extraction

• Machine Learning classifier and results

• Module’s output

3. Interesting candidates found in archival data

4. Transition to Rubin

5. Take-away messages
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Tidal Disruption Events (TDEs)

Credit: Quintin thesis 2023

• Disruption of a massive star approaching a Super Massive Black Hole (SMBH) by tidal forces

• Bound debris accretes onto the BH, creating a bright flare of (multiwavelength) radiation (Hills 1978)

• ~150 observed TDEs so far
• First observed in X-rays (Bade+1996)

• Most of the sample comes from optical surveys

• Rubin expected rate: 104 good TDEs/year  (Gomez+2023)

Gezari et al. 2021, Hills 1975
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• Disruption of a massive star approaching a Super Massive Black Hole (SMBH) by tidal forces

• Bound debris accretes onto the BH, creating a bright flare of (multiwavelength) radiation (Hills 1978)

• ~150 observed TDEs so far
• First observed in X-rays (Bade+1996)

• Most of the sample comes from optical surveys

• Rubin expected rate: 104 good TDEs/year  (Gomez+2023)

● Need more statistics !

● Special cases: jetted TDEs, repeated events, off-nuclear TDEs, 

extremely long…

● Excellent phenomena to study accretion and jet launching

● Allow to probe SMBH in passive galaxies

● TDEs in AGNs (Ambiguous Nuclear Transients ?)

● Open questions on their multiwavelength behavior

● … 

WHY FIND MORE ?

Gezari et al. 2021, Hills 1975
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Photometric properties of TDEs

~𝟏𝟓𝟎 known TDEs

● Nuclear transients

● ~20-60 day rise

● t-5/3 decay, months to years

● High temperature

● ~Constant temperature

● M ~ -17 to -20

● Possibly repeating
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Photometric properties of TDEs

~𝟏𝟓𝟎 known TDEs

● Nuclear transients

● ~20-60 day rise

● t-5/3 decay, months to years

● High temperature

● ~Constant temperature

● M ~ -17 to -20

● Possibly repeating

Early identification  → follow-up around peak brightness!
Miguel Llamas Lanza    - Early TDE identification - Fink    - miguel.llamas.lanza@gmail.com

Gezari 2021

4



Object selection

Excluding catalogued Solar System Objects

Crossmatch with SIMBAD classes, 
exclude all inconsistent with TDEs

To avoid contamination 
from galactic objects

X-match, filter, select 
objects on the rise
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Select events on the rise

Rising in both bands
• Last point is > 2𝜎 above minimum, or

• Significantly (> 3𝜎) positive slope

Not fading in any band
• Last point is not > 1𝜎 below maximum

• No point is > 1𝜎 below preceding

Llamas Lanza et al. 2025Miguel Llamas Lanza    - Early TDE identification - Fink    - miguel.llamas.lanza@gmail.com8



Feature extraction - RAINBOW fit

• Multiband fitting assuming blackbody spectrum
• Constant temperature assumption 
• Sigmoid function to describe the rise

Russeil et al. 2024

Returns temperature, rise time, amplitude and reference time (+uncertainties)
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Using extracted features

X-match, filter, select 
objects on the rise

Fitting and feature 
extraction

Quality cuts on some  
features

e.g. sigmoid compression, 
SNR of some features, 𝜒𝜐2
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Using extracted features

X-match, filter, select 
objects on the rise

Fitting and feature 
extraction

Quality cuts on some  
features

Machine Learning 
classifier

Manual verification
+

Follow-up!

List of TDE 
Candidates 
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Machine Learning classifier
Dataset → 8863 objects with labels (TNS):
➢ 42 TDEs, 8821 non-TDEs (3956 SNe)

Highly unbalanced sample!
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Machine Learning classifier
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➢ Angular distance to the closest object (distnr)

XGBoost Classifier
➢ Class weighting, shallow trees, and restrict tree splitting

➢ Leave-One-Out approach

➢ Optimise F2 score (recall more relevant than precision)
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Highly unbalanced sample!

F2 score: 0.37
Precision: 0.12
Recall: 0.76
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Module output

• Processing after the night ends

 ~1-2 candidates per night

• FINK slack + public Telegram bots

• Manual verification 

• Spectral and multiwavelength follow-up
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How early can we identify TDEs?
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Papers !

• On the module:

• On the objects found during development:
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TDE candidates in passive galaxies

Quintin et al. 2025Miguel Llamas Lanza    - Early TDE identification - Fink    - miguel.llamas.lanza@gmail.com19



Repeated TDE candidate
Special cases

Quintin et al. 2025
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Very long event 
Special cases

Quintin et al. 2025

• Striking similarity in decay to 
ZTF19acnskyy (“Ansky”) 

• On-going decay + 5 years

• No emission lines → featureless TDE ? 
AGN turning on?

• Monitoring in X-rays searching for QPEs, 
like in Ansky 
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TDE-like flares in active galaxies

Ambiguous Nuclear Transients 
(ANTs) ?
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Repeated flare in active galaxy 

ZTF23abjvojy

• Host is a spectrally confirmed AGN

• Flare stands out compared to the 
AGN variability

• Prior flare 15 years before ! Fast 
rise and very slow decay

Special cases
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Late rebrightening
Special cases

Quintin et al. 2025
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Transition to Rubin

• Rainbow is well suited for extracting information from sparse points in 6 different 
bands

Potential issues expected:

• Rubin’s vast alert stream → too many candidates per night

• Higher proportion of uncatalogued objects → Less efficient initial filtering

Some potential adaptations:

• Stricter filtering during preprocessing 

• Stricter cuts on historical variability and AGN presence

• More emphasis on precision over completeness
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Take away messages

• Developed a module to identify TDE candidates on the rise, enabling 
follow-up near peak brightness

• Module is running in Fink, reporting after every observing night

• Several interesting events found in archival data, many within AGNs

• Classifiers should account for TDE-like flares within AGNs, repeated 
events, off-nuclear, very long lived…

But how to manage this with Rubin’s alert stream?
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Searching for a postdoc in transient phenomena (TDEs, GRBs…)

Contact: miguel.llamas.lanza@gmail 
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Thank you for your attention!



Backup slides

Miguel Llamas Lanza    - Early TDE identification - Fink    - miguel.llamas.lanza@gmail.com29



Multiband RAINBOW fit - example

Returns temperature, rise time, amplitude and reference time (+uncertainties)
Miguel Llamas Lanza    - Early TDE identification - Fink    - miguel.llamas.lanza@gmail.com30


	Slide 1: Early identification of optical Tidal Disruption Events - A science module for the FINK broker
	Slide 2: Presentation outline
	Slide 3: Tidal Disruption Events (TDEs)
	Slide 4: Tidal Disruption Events (TDEs)
	Slide 5: Photometric properties of TDEs
	Slide 6: Photometric properties of TDEs
	Slide 7: Object selection
	Slide 8: Select events on the rise
	Slide 9: Feature extraction - RAINBOW fit
	Slide 10: Using extracted features
	Slide 11: Using extracted features
	Slide 12: Machine Learning classifier
	Slide 13: Machine Learning classifier
	Slide 14: Machine Learning classifier
	Slide 15: Machine Learning classifier
	Slide 16: Module output
	Slide 17: How early can we identify TDEs?
	Slide 18: Papers !
	Slide 19: TDE candidates in passive galaxies
	Slide 20: Repeated TDE candidate
	Slide 21: Very long event 
	Slide 22: TDE-like flares in active galaxies
	Slide 23: Repeated flare in active galaxy 
	Slide 24: Repeated flare in active galaxy 
	Slide 25: Late rebrightening
	Slide 26: Transition to Rubin
	Slide 27: Take away messages
	Slide 28
	Slide 29: Backup slides
	Slide 30: Multiband RAINBOW fit - example

