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characterise shape with structure function
SF = o(At)




Ensemble structure function fills in time gaps

Texp= 14491142 days, S,=0.28+0.01 mag
£=0.443+0.006
e DRW Models
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McLeod et al 2012
33,000 quasars

Popular model: Damped Random Walk

SF(AD) = SF,, (1 — e=217) "

At < 7: SF « A9
At > 7 : SF = const

characteristic timescale t
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+ white dwarfs 2021
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claim 7 ox M 19] J from white dwarfs to quasars!
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526,356 SDSS DR 14 quasars z=0.5-3.5
SuperCOSMOS, SDSS, PS1, ZTF

transformed to PS1 gr1 system
typically ~400 epochs

control sample of 400,000 stars

improved variance-weighted method



Ensemble Structure Function

——- aAtf, B =0.355+0.004,a=0.018 + 0.004

0
{ —— combined DRW
1 —— combined DRW (reliable 1)
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power law ~0.35
not consistent with DRW
no evidence for knee




many different t values?

w— Sum of DRWSs
- = aAtP, B =0.35
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rather arbitrary distribution
should depend on M, L, or nEdd?



Lumino S ity D ep endenc e cf De Vries et al 2005

44.0 < log(Lpo) < 45.1
45.1 < log(Lpo) < 45.4
O 45.4 <log(Lpe) < 45.7
45.7 < log(Lpe) < 45.9
45.9 < log(Lpel) < 46.2
46.2 < log(Lpa) < 46.5
46.5 < log(Lpe) < 46.8
O 46.8 <log(Lpg) < 47.9
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100 101 102 103 104 days
low-L : more variable, flatter SF



Mnu Dependence

6.9 < log(Mgs/Mo) < 7.9
7.9 < log(Mgu/M ) < 8.2
8.2 < log(Mg/M ) < 8.4
® 8.4 <log(Mgy/Mo) < 8.7
) 8.7 <log(Mgy/Ms) < 8.9
8.9 < log(Mgx/M ) < 9.2
9.2 < log(Mgy/Ms) < 9.4
9.4 < log(Mgu/M ) < 10.5
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100 101 102 103 104 days
long timescales: ALL THE SAME no knowledge of mass

short timescales: variability suppressed at high mass



A dependence

10004 <A < 15004
15004 <A < 20004
20004 <A < 25004
25004 <A < 30004
30004 <A < 35004
35004 <A < 40004
40004 <A < 45004
45004 <A < 50004
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short timescales: blue variability > red

long timescales: no difference or even reversed



time asymmetry cf De Vries et al 2005

Quasars (dimming)
Quasars (brightening)
Stars (dimming)
Stars (brightening)
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100 101 102 103 104 days
months: brightening = dimming
years:  brightening > dimming
decades: brightening < dimming



simulation: DRW + asymmetric flares

—— DRW with flares
— flares

magnitude
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—8— DRW with flares (brightening)
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ok but too mild an effect



SuperCOSMOS NIDNN PS1 /TF

Light Curve for Quasar 7570

Magnitude

1995
Date (Year)

1954 2023

Rubin: +17% total length
x3 high cadence ~ up to 6,000 days

r-band Structure Funtion (mag)




Life beyond the Damped Random Walk

Overlapping flares  : non-exponential shots
Reprocessing : seed+non-exponential filter
Feedback : non-linear oscillator

Flares with feedback : relaxation oscillator
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de Vries et al 2005
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high luminosity positive variations

® low luminosity v negative variations
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SF(low-L) > SF(high-L) SF time asymmetric




® SFintrinsic, weighted
SF intrinsic
SF observed
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variance weighted estimation




¢ g-band —e— r-band —e— i-band
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