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Tidal Disruption Events
Disruption of a star on its passage near SMBH 

• bound material returns in a ~month

• fallback rate ~ t5/3

• circularization after ~year

accretion -> X-rays -> reprocessing -> UV/optical



Tidal Disruption Events
Disruption of a star on its passage near SMBH 

• peak in ~weeks

• post-peak brightness ~ t5/3

• M ~ -17..-20

1 month

theoretical 
accretion rate X-rays



PS1-10jh class in prefers post-starburst hosts

French, Arcavi, 
Zabludoff (2016); see 
also French et al. (2020)

Why do optical tidal 
disruption events 

concentrate here?
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Star formation 100’s Myr ago

Talks by: Margaret Shepherd, 
Margaret Verrico

Tidal Disruption Events
Disruption of a star on its passage near SMBH 

• mostly in quiescent post-starburst galaxies

• rate ~ 10-4 / galaxy / year



Spectral diversity within the PS1-10jh class

Plot: Leloudas et al. (2019), Data: Gezari et al. (2012), Arcavi 
et al. (2014) Holoien et al. (2014, 2016), Leloudas et al. (2019)
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TDEs with 
N III / O III

Multiwavelength diversity within the PS1-10jh class

Guolo et al. (2024)

Talks by: 
Thomas Wevers, 
Dongyue Li, Wei 
Chen

Talks by: Kate 
Alexander, 

Adelle 
Goodwin, 

Tatsuya 
Matsumoto, Itai 

Sfaradi, 
Magdalena 

Kunert-
Bajraszewska

Plot: Cendes et al. (2024), Data: Cendes et al. (2021a,b, 
2022, 2024), Horesh et al. 2021, Stein et al. (2021) , 
Andreoni et al. (2022), Goodwin et al. 2023a,b), Cendes et 
al. (2024)
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Tidal Disruption Events
Disruption of a star on its passage near SMBH 

Multiple proposed mechanisms to produce optical/UV

Reprocessed 
accretion disk

Outer shocks Stream-disk shocks

C. Bonnerot

UV/optical

Accretion disk + jet

X-ray + -raysγ

Talks by: Jane Dai, Clement Bonnerot

Disk + Jet Reprocessing Outer shocks Stream-Disk collisions



Tidal Disruption Events
(partial) Disruption of a star on its passage near SMBH 

ASAS-SN 14ko: 114-day period, decreasing with time 



Tidal Disruption Events
(partial) Disruption of a star on its passage near SMBH 

Makrygianni, Arcavi et al. (2025); Lin et al. (2024), Hinkle et 
al. (2024)

Host implies <<1% chance of two unrelated 
TDEs within 700d

Repeating TDEs: AT 2022dbl
The !rst standard PS1-10jh class TDE to robustly repeat: big implications

Talks by: Zheyu Lin, Lydia Makryigianni

AT2022dbl

AT2021aeuk



Tidal Disruption Events
(partial) Disruption of a star on its passage near massive BH 

Yao et al. 2025 Also - 3XMM J2150 and EP240222a, all three less massive BHs around nuclear SMBH



…also in active galaxies



…also in active galaxies



How to find TDEs?



Photometric properties



Photometric properties



Palomar 48-inch Samuel Oschin Telescope

8.4-m Simonyi Survey Telescope

ZTF (2018 - 2027?..) 
• Sky coverage once per 1-2 nights


• g and r filters (i very rarely)

• northern sky mostly

• limit ~20.5 mag


• Public alerts for transients

• differential photometry


• Periodic data releases

• direct photometry


Rubin / LSST (2026 - 2036???) 
• ugrizy filters, southern sky

• limit ~24.5 mag ???



Science Reference Difference

- =

Triggers an alert

Hundreds of images per night

Tons of alerts per night 
~200k for ZTF 
~10M for LSST

Alert brokers

Scientific community

Supernovae

Anomalies

TDEs

Microlensing events

Filters XMatchML Aggregation



https://fink-portal.org

Fink broker 
https://fink-broker.org 
https://github.com/astrolabsoftware/fink-broker

Operating since Nov 2019 
~200 million alerts 

Nightly rates (~200k alerts): 
• ~75,000 known variable stars 
• ~25,000 known SSO  
• ~100 new SSO candidates  
• ~100 new supernovae & core-

collapse candidates 
• ~10 satellite glints 
• ~5 new SN Ia candidates 
• ~1 fast transient candidate 

(KN, GRB, CV ...) 
• ~1 new microlensing candidate

https://fink-broker.org
https://github.com/astrolabsoftware/fink-broker


Historical ZTF dataset
• Aggregated light curves for all objects,  

Nov 2019 - Feb 2025


• SSO and non-extragalactic SIMBAD 
associations excluded


• Galactic |b| > 20


• at least 5 detections


~600k light curves



Rising parts of light curves
• 100 days long window for analysis


• at least 5 points, in both filters


• no detections in 100 days before


• no negative detections prior to that


• rising in both bands


• last point is above minimum, or


• significantly positive slope


• not fading in both bands


• last point is not below maximum


• every point is not below preceding one

Analysis

No detections

No negative detections

Alert data

Data release points



Rainbow fitting
Russeil et al. (2024)

https://github.com/light-curve/light-curve-python

Simple analytic decomposition of observed multi-color light curves into 
temperature and bolometric luminosity terms, assuming blackbody spectrum

Supernova-like light curves



Rainbow fitting
Russeil et al. (2024)

Early TDE-like light curveshttps://github.com/light-curve/light-curve-python

Simple analytic decomposition of observed multi-color light curves into 
temperature and bolometric luminosity terms, assuming blackbody spectrum



Training sample
• ~600k light curves               40k peaks in total 

                                         12600 good fits ( , S/N, ..)

• 8863 TNS entries

• 3956 SNe

• 42 TDEs 

χ2

42 positives

8821 negatives



Features: 

• Rainbow fit parameters

• SNR for some of them

• errors for some of them

• chi-square of the fit

• distance to template object



Features: 

• Rainbow fit parameters (+/-)

• SNR for some of them

• errors for some of them (-/+)

• chi-square of the fit

• distance to template object (!!!)

Highly imbalanced dataset

Non-discriminating features?



Class balancing with oversampling

https://imbalanced-learn.org/

SMOTE - Synthetic Minority Over-sampling Technique


find groups of nearby points

add new ones by linear interpolation in pairs

use for training only, validate on original dataset

https://imbalanced-learn.org/


Class balancing with oversampling

https://imbalanced-learn.org/

SMOTE - Synthetic Minority Over-sampling Technique


find groups of nearby points

add new ones by linear interpolation in pairs

use for training only, validate on original dataset

https://imbalanced-learn.org/


“Generalizing” classifier

https://xgboost.ai

• XGBoost

• Balance by two-step SMOTE 
• Force shallow trees

• Optimize hyperparameters for recall


• use F2 score

• Leave-One-Out cross-validation

eXtreme Gradient Boosting library for classification 
and regression tasks, with good performance and 
many parameters

12% purity 
76% completeness

https://xgboost.ai


Candidates from historical dataset

About ~1800 candidates for the whole historical dataset

~30 candidates visually consistent with TDE light curves



TDE candidates in passive galaxies

Quintin et al. in prep.



TDE candidates in active galaxies (ANTs)

M<-24
ENTs

Quintin et al. in prep.



Repeated TDE candidates
AT2023adr

Quintin et al. in prep.



Early detection performance
Estimated by Leave-One-Out approach


to exclude test points from the training set

Peak time

First positive score time

Most of real TDEs are detectable early

First detection time



Alert stream processing
• Processing of alerts after ZTF night ends


• Basic cuts on alert contents (up to 30 days)


• Cuts and Rainbow fits on complete light 
curves (~100 per night)


• Scores on best fits and random samples 
within fit covariances


~1 candidate per night

Data rate on different steps of processing



Alert stream processing
• Processing of alerts after ZTF night ends


• Basic cuts on alert contents (up to 30 days)


• Cuts and Rainbow fits on complete light 
curves (~100 per night)


• Scores on best fits and random samples 
within fit covariances


~1 candidate per night


• Fink Slack + public Telegram


• Light curve, Pan-STARRS cutout


• Classifier scores


• TNS / Fink classifications


• Links to Fink / TNS /SIMBAD / SNAD / VSX



Adapting for LSST
• From ~100 to 1000/year with LSST (Bricman & Gomboc 

2020)


• Deeper limits, no galaxy catalogue, …


• greater distances  <->  physically different objects?


• Smaller FOV = slower cadence


• Six bands instead of two


• RAINBOW fitting is perfect for it!


• 4 parameters for sigmoid / rising


• 5 parameters for Bazin / full 


• one point per filter is enough?..


What to do with all the candidates???


