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Rubin Observatory LSST & Simonyi tel.
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8.4-m telescope@Cerro Pachón

3.2G pixel CCD

9.6 deg^2 or 45 full moons

10M alerts every night

20TB each night / 60PB in 10 yr

g〜24.0 mag in single visit

g〜27.0 mag in 10 yr
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LSST Timeline
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LSST footprints – on sky

4

Deep Drilling Fields

(> 20000 visits)

COSMOS, Euclid,,, 

Galactic bulge (DDF)

Galactic plane (WDF)Wide Deep Fast fields

(〜800 visits in 10 yrs)
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LSST DP1 / First look high lights
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↑CVs from LSST DP1;  Malanchev+25

↑SN from LSST DP1;  Freeburn+25

New asteroids in First Look images

DP1; Wang+25
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Cataclysmic variables with various scales
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Close binary of white dwarf + secondary

– accretion disk around non-magnetic WD

– accretion column onto magnetic WD

The largest population of Galactic variables (in CRTS)

Amplitude Timescale

Classical nova 7 – 15 mag weeks – years

Dwarf nova 2–9 mag weeks

High/low states 1–5 mag days – decades

Micronovae 1-3 mag hours

Orbital 0 – 1 mag hours – days

WD spin 0.01 – 1 mag minutes – hours

QPOs / flickering 0.01 – 0.5 mag seconds – minutes

To identify dormant CVs in ZTF 
See e.g. van Roestel+22

Galiullin+24
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Remaining questions on cataclysmic variables
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● Count the accurate number of CVs in our galaxy

○ discrepancy in volume density b/w models vs observations – Pala+20

○ inactive and faint CV populations – Muñoz-Giraldo+24, Inight+25

○ CV subtypes(s) to be a progenitor of SNe Ia 

● Understand background physics in CVs

○ disk & binary model in different metallicity / age – Belloni+16

○ behaviour/evolution in deep quiescence/low-state – YT+20

● And any new exciting (non-)accreting WD systems?
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WHAT will be the discovery 

space of CVs in LSST?

→ Mock observation simulation w/ LSST

(NOT how to identify/classify)
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Simulator – Opsim environment
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Delgado+14,16, Reuter+16
https://github.com/lsst/rubin_sim
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Simulation samples – cover various timescales and brightness
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Dwarf nova outbursts of non-magnetic CVs

– especially WZ Sge-type = most energetic disk outburst. 

– 7–9 mag / 20–30 d / > 10 yr recurrence time

Polars in magnetic CVs – erratic state changes. 2–4 mag 

Micronova eruptions – fast localized thermonuclear burst(?). 1–3 mag / < 1 d 
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Input distributions
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On-sky positions following Pretorius+07

– smooth Galactic thin disk, w/o thick disk, bulge, arms, clusters, halos 

– vertical scale height: 260 pc (120 pc for MNe)

– radial scale height: 3 kpc

– Sun / Earth at (7620, 0, 0) pc

– 3D extinction in Opsim

Outburst in first two years of LSST

Baseline file v4.3.1 (latest)

– cadence

– depth

– weather factor

– simulated ToO

20000 light curves in each class
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WZ Sge-type dwarf novae – I
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#

Simulated 20000

In LSST FoV 19419

Detection 4014

Detection in outburst 3917

With counterpart 43

〜40% of outbursts detected

– purely due to LSST cadence

Counterpart up to 17 mag

– outburst amplitude

→ classification

***Note small number of nearby systems in simulation

Saturate
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WZ Sge-type dwarf novae – II
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Second detection of 〜80% outbursts within 1 hour

– affordable in events with timescales of a few days or longer

– exclude bogus events / moving objects

〜65% in different bands (e.g. g+r, r+i, i+z) 

–  color information 
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So how many will be discovered?
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WZ Sge stars

: 〜350 are registered in AAVSO Variable Star Index

: 〜10 WZ Sge stars brighter than 15 mag in outburst in ZTF 

→ a few every night & >1000 per year by LSST!

→ challenge is HOW to identify them as a CV (and subtype) in 10M alerts

Applications of our results to…

→ novae, AM CVn outbursts (possible SNe Ia progenitors),

extragalatic rapid transients, luminous red novae
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CVs beyond local population (>1 kpc)
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“Special” CVs are known beyond disk populations

– novae in magellanic clouds, M31, M87,,,

– Super-soft X-ray source, Be/WD binary

– heavily-redded novae in bulge

– OV Boo as a halo CV 

M87 novae
Shara+23

Burst from SMC Be/WD
Gaudin+, Marino+25
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Discovery rate of uniform distribution as a function of distance
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47 Tuc

LMC/SMC

Disk-bright CVs in globular clusters and magellanic clouds

: CVs in GCs must be old – WZ Sge stars (Belloni+16)

: Binary population & disk instability dependence in metallicity, age,,,

Enable study of “normal” CVs in distant populations
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LSST follow-up in South Africa
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Transient follow-up w/ SALT, IRSF, PRIME, and others

– IRSF is unique for Opt–IR 5-band coverage

Synergy w/ MeerKAT & SKA

10-m SALT
1.9 m

PRIME

IRSF

1 m

Lesedi

KMTNet

MeerLITCH

ASASSN, ATLAS, MASTER, LCO, …
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Summary
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The Rubin Observatory LSST will start its operation by the end of this year.

– 10 deg^2 FoV, 24.0 limiting mag, and 10M alerts per night

Tons of CVs, the largest population of Galactic variable stars, must be detected

WZ Sge-type dwarf novae

– 〜40% of outbursts, no counterpart for >17 mag at peak

– two or more scans per night with different bands

CVs in clusters and Magellanic clouds

– opportunities to study “normal” CVs on age / metallicity / population

Any collaboration using SA telescopes are welcome!


