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Introduction

 Why transients?
e | ess background for neutrino source searches
* |n general:
 New phase space for discoveries (ie, most of my career)

* Extreme sources, extreme physics



In this talk

 Example of typical steps in optical transient surveys
« Example of unexpected discovories

* |Looking towards the future: Rubin and other facilities
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Example light curve
Optical and UV data (5 different observatories)
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Step 1: find a photometric transients

Image large area of sky very few nights

late-time (post-peak) and color-independent selection
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Step 2: classify using spectrum

Expensive step, requires larger telescope
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Step 3: If possible, obtain multi-wavelength coverage

optical/UV soft X-ray

-~ Galaxy model

Archival data
@® Flare data
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Step 3: If possible, obtain multi-wavelength coverage

optical/UV soft X-ray

-~ Galaxy model

Archival data
@® Flare data

Synchrotron
outflows!
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Step 3: If possible, obtain multi-wavelength coverage

IR optical/UV soft X-ray

| ~ Galaxy model
Archival data T
@ Flare data v
Jri 3
X
Synchrotron | \_

outflows! Dust echos!
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Step 3: If possible, obtain multi-wavelength coverage

IR optical/UV soft X-ray

| ~ Galaxy model
Archival data T
@ Flare data v
Jri 3
X
Synchrotron | \_

outflows! Dust echos!

Accretion
disk
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Let’s not wander too far into the zoo of (optical) transients

[ QPE discovered
TDE-H
TDE-H+He
- TDE-He
o jbv
o200hs -+ TDE-CrL
o2%ma  ©r1ypy -©- TDE-featureless

21aeou

Yao et al. in prep



Example: history of transient jets from supermassive black holes

YEAR OBSERVATION WAVELENGTHS

2011 Birth of relativistic jet, seen in real-time y-ray; radio follow-up
2016 Transient sub-relativistic outflows optical; radio follow-up
2021 Late time radio flares optical; radio follow-up
2022 Optically-selected new-born relativistic jets |optical; y-ray + radio follow-up




Never a dull moment

YEAR OBSERVATION EXPECTED
2011 Jetted TDE NO
2021 Late time radio flares NO*
2402 Optically-selected jetted TDE NO




Small revolution back in 2019

Zwicky Transient Facility

* |ncrease in detection rate from
~few per year to ~10 per year

* Bright enough for follow-up

e \ery labor intensive
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Revolution In transient astronomy

Rubin Observatory '
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Optical transient surveys

Rubin Observatory '
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Optical transient surveys

{ Rubin Observatory ' :
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Optical transient surveys

| Rubin Observatory ] Starting
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Extraordinary detection rates
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Vera C. Rubin Observatory
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Vera C. Rubin Observatory

—

» 20B galaxies; 188 stars




Vera C. Rubin Observatory

. ZOB galaxies; 188 stars

* 10M transient alerts per night



Vera C. Rubin Observatory

- - q" y ra LZs y)
» 20B galaxies; 18B stars
* 10M transient alerts per night

* ~1000 new supernovae per night

1 S —
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Vera C. Rubin Observatory

- - q" y ra LZs y)
» 20B galaxies; 18B stars
* 10M transient alerts per night

* ~1000 new supernovae per night

Alert data Is public, .
provided via ' = .
- Community Brokers '

[ cooradinate the
Rubin TDE group
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* Two types:

» Gravitational Wave alerts (kilonova)
* Neutrino alerts (any observatory)
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Vera C. Rubin Observatory

Extraordinary classification challenge

Current optical TDEs

Current optical TDEs
16 - 14 - Bright Very faint
4 -
1 17 -
12 -
10 -
10 -
8 -
8 -
6 - 0-
4 - 4 -
2 - 2 -
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Redshift TDE peak optical magnitude



Vera C. Rubin Observatory

Extraordinary classification challenge

Current optical TDEs
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Vera C. Rubin Observatory

Extraordinary classification challenge
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Vera C. Rubin Observatory

Extraordinary classification challenge

e Photometric classification

required Current optical TDEs
« Machine learning; o
12 -
* Need a training sample: o
peak of
 From simulations? 5 Rubin TDEs
6- &
* Of known TDEs? .
e Subset of Rubin data e l

6 17 18 19 20 21 22 23 24
TDE peak optical magnitude



Vera C. Rubin Observatory

Limitations of photometric classification

ML good at finding what we already

Know Current optical TDEs
« Most TDE properties were not 14 1
predicted |
« ML Anomaly detection (eg, self- 10 1 eak of
organizing maps, lsolation forests): 3 - Rupbin TDEs
« ML has yet* to detect something 6 &
truly new 4-
* How to examine the anomaly if ‘
the transient has faded? 0

6 17 18 19 20 21 22 23 24
TDE peak optical magnitude



We are hosting a data challenge

© M + O

Sign In Register
¥ ) VYSAKH ANILKUMAR - COMMUNITY PREDICTION COMPETITION - 2 MONTHS TO GO Join Competition

MALLORN Astronomical Classification

€] v < @ kaggle.com

g

Challenge

Can you catch stars being torn apart by black holes?

Overview Data Discussion Leaderboard Rules

61 entries on the leader board!;
mostly from outside astronomy!



Future facilitates at other wavelengths

* o keep up with Rubin
* Factor 10 increase In sensitivity
* For survey missions: all sky

* For follow-up: can accept (lots of) triggers



Who can keep up with the Rubin Nuclear Transient rate?

WAVELENGTH

CURRENT

WITHIN 5
YEARS

KEEP UP WITH RUBIN?
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Who can keep up with the Rubin Nuclear Transient rate?

WAVELENGTH CURRENT LR S KEEP UP WITH RUBIN?
YEARS
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UV Swift, HST, svom (20277) YES
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X-ray NICER, IXPE, XRISM, Fermi, NOJAE =)
Einstein Probe, SVOM COsSI, CTA




Who can keep up with the Rubin Nuclear Transient rate?

WAVELENGTH CURRENT LR S KEEP UP WITH RUBIN?
YEARS
. ULTRASAT
UV Swift, HST, svom (20277) YES

Swift, Chandra, XMM, NUSTAR,
X-ray NICER, IXPE, XRISM, Fermi, NOJAE =)
Einstein Probe, SVOM COsSI, CTA

NEO Surveyor

Infrared NEOWISE, JWST (2027)

NO




Who can keep up with the Rubin Nuclear Transient rate?

WAVELENGTH CURRENT LR S KEEP UP WITH RUBIN?
YEARS
. ULTRASAT
UV Swift, HST, svom (20277) YES

Swift, Chandra, XMM, NUSTAR,
X-ray NICER, IXPE, XRISM, Fermi, NOJAE =S

Einstein Probe, SVOM COsSI, CTA
NEO Surveyor
Infrared NEOWISE, JWST 2027) NO
Radio VLA, AMI, ALMA, EVN, N

ATCA, GMRT




~10-100 GeV transients with CTA
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Who can keep up with the Rubin Nuclear Transient rate?

WAVELENGTH

CURRENT

2030-2040

KEEP UP WITH
RUBIN?




Who can keep up with the Rubin Nuclear Transient rate?

KEEP UP WITH
WAVELENGTH CURRENT 2030-2040 RUBIN?
UV Swift, HST, svom UVEX (2030) YES




Who can keep up with the Rubin Nuclear Transient rate?

KEEP UP WITH
WAVELENGTH CURRENT 2030-2040 RUBIN?
UV Swift, HST, svom UVEX (2030) YES
Swift, Chandra, XMM,
X-ray NUSTAR, NICER, IXPE, B L A, YES
Fermi, Einstein Probe, SVOM THESEUS, ATHENA




Who can keep up with the Rubin Nuclear Transient rate?

Fermi, Einstein Probe, SVOM

THESEUS, ATHENA

KEEP UP WITH
WAVELENGTH CURRENT 2030-2040 RUBIN?
UV Swift, HST, svom UVEX (2030) YES
Swift, Chandra, XMM,
X-ray NUSTAR, NICER, IXPE, B L A, YES

Infrared

NEOWISE, JWST




Who can keep up with the Rubin Nuclear Transient rate?

EVN, ATCA, GMRT

DSA-2000, FAST-core-array

KEEP UP WITH
WAVELENGTH CURRENT 2030-2040 RUBIN?
UV Swift, HST, svom UVEX (2030) YES
Swift, Chandra, XMM,
X-ray NUSTAR, NICER, IXPE, B L A, YES
Fermi, Einstein Probe, SVOM THESEUS, ATHENA
Infrared NEOWISE, JWST
Radio VLA, AMI, ALMA, SKA-mid, ngVLA, YES







Budget nightmares

National Aeronautics and
Space Administration
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More optical observatories

 Chinese Space Station Telescope
(Xuntian; December 2026)

* Plato (2026)
 Ground-based specialists: WFST

 Now: ASAS-SN, ZTF, ATLAS, P31,
BlackGEM, WINTER, LS4, WFST ...

* Future: Argus Array, and more

BlackGEM



What'’s hiding in the dark?

Rubin Observatory '
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What'’s hiding in the dark?

Rubin Observatory '
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Conclusions / predictions
Valid up to 2030

» Spectroscopic follow-up limited

» Detection rate of transients with extensive multi-wavelength coverage:

* Will not significantly increase

 New discovery potential:






Roman Space Telescope
Launch 20277

 Conduct two time-domain surveys:
* Very deep near-IR (m~25);
 10-30 sqg. deg

150 epochs over 2 years

 Main science goal: ~104 SNe la at z~1-2
102 TDEs at these redshifts!
* Again, photometric classification only

e | ots of hot dust transients!



