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Quasar structure and reverberation process

On top of the intrinsic variability of
the quasar I(¢), a time lag between

accretion disk emissions and
BLR/NLR reverberations can add
variability

(Sluse & Tewes 2014)

Check D. Sluse talk

BH -+ accretion disk
BH: Black Hole ~ NLR: Narrow Line Region >3 R
—> 10" R,
BLR: Broad Line region Rg: Schwarzschild radius —— > 10" R,

Credits: A. Galan



Microlensing of strongly lensed quasars

Microlensing by stars in the foreground *s
galaxy adds extrinsic variability to the = | =
strongly lensed imagesm (t)and mg(t) . % i

Foreground gaiXy
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: Credits: TDCOSMO collaboration
TN Sat) = I(t) + ma (f)
BN Se(t) = I(t — Atas) +ma ()
A AT N For QJO158: Atag = 22.7 & 3.6 days
Sa(t) — Sp(t + Atap) = ma(t) — mg(t)
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Millon et al. (2020)




Accretion disk measurement methods

R-band flux ratio
trial At,; = -8 days

Light curve fitting method : Use simulated

microlensing light curves to find the scale radius Ry

For QJO158 yields log (Ry/cm) = 15.6 £0.3

Morgan et al.(2012)

Luminosity method : Thin disk theory gives Ry MZELA/3
Shakura & Sunyaev (1973) L L
For QJO158 yields log (Ro/cm) = 15.07. Hereafter R, ¢ BID; & 24530000 {Aiay)
Mosquera & Kochanek (2011) E e

Overall, a scale factor of 3 to 4 is observed between the
microlensing and luminosity measurements

WFI2026 x ‘\

The non-fitting of the high frequency features (shorter
than 750 days) in the light curve may lead to an
overestimation of the scale radius .
Cornachione et al. (2019)




Power spectrum method - Flow chart

Light curve fitting method

. . Convolve them with source Draw trajectories in the
Generate magnification maps E> li
ight profile E> maps
(M) : Mean stellar mass Ry : Accretion disk scale radius ve : Effective velocity

Simulated differential microlensing lightcurve
Ve = 700km-s~1
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Power spectrum method - Flow chart

Light curve fitting method

(M) : Mean stellar mass

. . Convolve them with source
Generate magnification maps E> ¥
ight profile

Ry : Accretion disk scale radius

Draw trajectories in the
maps
ve : Effective velocity

Additional steps for our method

-

.

Add reverberation process
and generate 100’000 light

cuarves
fBLr : Fraction of reverberated flux

Rprr : BLR radius
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/Compute their power
spectra to give equal

E> weight to every time scale

of variation
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Compute the posterior
probability of a given set of
parameter

¢: ((M),ve, Ro, feLr, RBLR)




Light curve fitting - Magnification maps

1 arcsec

Source plane
Vernardos & Fluke (2014)

Paic etal. (in prep)

A population of stars with a mean mass (M) is drawn in the lens plane following Salpeter’s IMF
This population is projected onto the source plane %using the direct inverse ray shooting method
The relative motion of the observer, the lens, the stars within and the source translates into a
trajectory of the source in the magnification map with a velocity



Light curve fitting - Microlensing light curves

Simulated differential microlensing lightcurve
Ve = 700km-s~1

1 arcsec
EEE—
1000 2000 3000 4000
Time [days]

The magnification maps are convolved with the source light profile for a given scale radius of the
accretion diskR



Add of the reverberation process

Generation of light curves with reverberated flux
Fo(t) = Mapio,(t)Fyce(t) + Mo Freverb () Sluse & Tewes (2014)
Fa (t) — Moz,ua (t)Facc(t) + MafBLR(FaCC(t) * \Ij(t’ RBLR))

lo(t) : micro — magnification of image «

M, : macro — magnification of image «

feLr : Fraction of reverberated flux

U(t, RgLr) : Transfer function related to the radius of the BLR

F,..(t): Flux of the accretion disk modeled as a Damped Random Walk



Results- Comparing simulations with data

Mean and upper 1-c envelope of 100°'000
simulated power spectra along with data
power spectrum

— Data
Ve = 400 km/s

Frequencies above 1/750 days™ '©iare hard ks
to fit

With and without reverberation
Ve =700km-s™1, Ry = Ryer, farr = 0.432 + 0.036

Data
Reir = 0.1 RayR,.,

Rgir = 1.0 Rpyr,, H fUI’lCthI’l Of RBLR

Rgir = 1.5 RaiR,.,

1073
Frequency (days™?)

Microlensing only, (M) = 0.3Mo

Ro = 0.1 Rrer

Ro = 1.3 Rpef

1072
Frequency (days™!)

Ro = 2.0 Rrer

No reverberation . . .
o Reverberation process adds power in the high frequency as a

Paic etal. (in prep)
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Results - Measurement of the scale and BLR radius
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Model 1: fgr,r = 0, only low frequencies (up to 1/750 days™!)
Model 2: fg;,r = 0 low and high frequencies

Model 3: ferL.r = 0.432 &£ 0.036, low and high frequencies

Paic et al. (in prep)

Microlensing is not the cause of the high
frequency signal.

We are able to measure the radius of the
BLR in agreement with measurement of

Mosquera & Kochanek (2011) B



Conclusion

In this talk a new method to measure the accretion disk radius using the
power spectrum of the microlensing light curve was presented.

This method takes into both low and high frequency variations

Our results show that microlensing is not the cause of the high frequency
signal.

We show that the short events are due to reverberation inside the source.
We are able to measure the radius of the BLR and are compatible with the
measurement of Mosquera & Kochanek (2011).
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Thank you for your attention !

Questions on the dedicated slack channel or to eric.paic@epfl.ch
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