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Introduction

Strong lensing and microlensing
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Introduction

Strong lensing and microlensing

Westphal e al. (1995)

Einstein-Chwolson radius:

~ mas microlensing in our Galaxy
0 4'G/\/IL DLS ~ arcsec strong lensing (1)
Ein —
c2 DsD; ~ 10arcsec _ . galaxy clusters.
~ pas microlensing at cosmological scales
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Fig. 45. Microlensing lightcurves for the three tracks shown in Fig. 44. The solid
line correspond to a small source (Gaussian shape with width of about 3% of the
Einstein radius), the dashed line represents a source that is a factor of 10 larger
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Fig. 45. Microlensing lightcurves for the three tracks shown in Fig. 44. The solid
line correspond to a small source (Gaussian shape with width of about 3% of the
Einstein radius), the dashed line represents a source that is a factor of 10 larger



Structure of the emitting region

Standard disk accretion (Shakura & Sunyaev, 1973)

Bolometric flux

3 GMM R;
= R (1‘ R>

Multi-blackbody approximation:

(b) s 2107

2 hV3 1 Fig. 4. The thickness of the disk as a function of the distance to the

black hole: a) M = M_,. b) M < 10"2M_. In the central zone, R <3R,
Il/(r7 l/) = newtonian hanics is not i Tri ies of X-ray and
C2 hv ultra-violet quanta which lead to evaporation and heating of the
exp W -1 matter in the outer regions of the disk are shown by the arrows. The
corona formed by the hot, evaporated matter is denoted by dots

Monochromatic flux from the entire disc:

2m )
F, = //W,bsdQ = DEx(t2p cosi X //%em (v/(1+ 2)) RdR
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Standard disk accretion (Shakura & Sunyaev, 1973)

Bolometric flux
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Structure of the emitting region

Standard disk accretion

Half-light radius:

neglecting the inner edge: Ry/> >~ 2.44Ry, rae hvem = kT(Rq)

45GN MM

475 hseGM c?
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(2)




Structure of the emitting region

Standard disk accretion

Half-light radius:

Rin
neglecting the inner edge: Ry, ~ 2.44Ry, rae hvem = kT(Rqg)
dem \2 7 M \TVR GM
Ry /5 ~ 24. 7 — 2
1/2 9(0-25u> (109 M@) mx e (2)




Structure of the emitting region

Standard disk accretion

Half-light radius:

Rin
neglecting the inner edge: Ry, ~ 2.44Ry, rae hvem = kT(Rqg)
dem \2 7 M \TVR GM
~ . em . o 2
Ruz 249(0.25,) (109 M@) mx e (2)

A more general case: .
» ( = 4/3 for standard disk
» ( ~ 2 slim disk, strong irradiation usw.
» ( — 0 for a star with no limb-darkening

¢
Roc A (3) » ( =8/7 for a disk with a strong torque at the
inner boundary (Agol_& Krolik, 2000)



Structure of the emitting region

The challenge of large radii
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Structure of the emitting region

Dependence on wavelength: Blackburne et al. (2011)
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Structure of the emitting region

Structure parameter versus mass
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Structure of the emitting region

Summarizing the observational material

» massive black holes (M > 10° M,) have nearly standard disks
» smaller black hole masses conform less with the standard model

» "disk” size is practically independent on wavelength for smaller-mass
quasars

» there is no evidence for strong spectral energy distribution variations
among quasar populations (blue bump works well)




Structure of the emitting region

Summarizing the observational material

» massive black holes (M > 10° M,) have nearly standard disks
» smaller black hole masses conform less with the standard model

» "disk” size is practically independent on wavelength for smaller-mass
quasars

» there is no evidence for strong spectral energy distribution variations
among quasar populations (blue bump works well)

» bright quasars accrete at several Solar masses per year that makes
lighter black holes super-Eddington accretors

» supercritical accretors form hot outflows that manifest themselves
though electron scattering



Quasi-spherical envelope

Lampshade model

Same flux, same broad-band spectrum, but different spatial properties




Quasi-spherical envelope

Supercritical disk outflows
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Fig. 8. Lines of matter flow at supercritical accretion (the disk section
along the Z-coordinate). When R < R, spherization of accretion takes
place and the outflow of matter from the collapsar begins

Shakura & Sunyaev (1973)




Quasi-spherical envelope

Supercritical disk outflows

7T

Fig. 8. Lines of matter flow at supercritical accretion (the disk section
along the Z-coordinate). When R < R, spherization of accretion takes /
place and the outflow of matter from the collapsar begins \

Shakura & Sunyaev (1973)




Quasi-spherical envelope

Condition for an outflow

Natural normalization for accretion rate

4 GM
T ex

M*

Critical rate: M., = M* /5. Mass accretion rate M = M*m.
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Quasi-spherical envelope

Condition for an outflow

Natural normalization for accretion rate

4 GM
T ex

M*

Critical rate: M., = M* /5. Mass accretion rate M = M*m.
Radiation pressure overcomes gravity. . .

LF - GMz
c (R2 4 z2)3/2




Quasi-spherical envelope

Condition for an outflow

Natural normalization for accretion rate

_ 4 GM

Cx

M*

Critical rate: M, = /\/I*/n Mass accretion rate M = M* .
Radiation pressure overcomes gravity. . .
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Quasi-spherical envelope

Condition for an outflow

Natural normalization for accretion rate

_ 4 GM

Cx

M*

Critical rate: M, = /\/I*/n Mass accretion rate M = M* .
Radiation pressure overcomes gravity. . .

x3GMM [ [Rn)_ _ GMz  GM

c8r R3 R (RZ+ 2232~ R2

r _3r'n GM
m*zxm R:R,-,,r:7><x,~n><r

First contact at r = 9/4, supercritical regime at m > %x,-,,
Spherization radius obtained as a solution of a cubic equation for /r.



Quasi-spherical envelope

Spherization radius:

GM . > 1 2Xin
Rsph = 2 M x cos (3 arccos (3 - )) (5)

For m>> 1, the cosine — cos(m/6) = v/3/2, hence:

3. GM
Rsphgimx ?




Quasi-spherical envelope

Envelope radius

Continuity condition for vg = const:

.M =M, = 47TR2VW,O(R)




Quasi-spherical envelope

Envelope radius

Radial optical depth:




Quasi-spherical envelope

Envelope radius

Radial optical depth:

Foo xM,, 1
T(R)—/R #p(R)dR = R

Here, v, = /2GM/R,, is wind velocity, R,, =~ Rspn. Mass loss rate
M,, = f,,M.




Quasi-spherical envelope

Envelope radius

Radial optical depth:

Foo xM,, 1
T(R)f/R #p(R)dR = R

Here, v, = \/2GM/R,, is wind velocity, R,, ~ Rspn. Mass loss rate
M, = f,M. Radius Ry = R(r =1):

GM ~ 2

2
Fic = f—wr'n3/2 X COS (; arccos

VR

3 2;)) (6)



Quasi-spherical envelope

Envelope radius

Radial optical depth:

+oo M, 1
R) = R)YdR = gt
w(R)= [ plRYR =TT
Here, v, = \/2GM/R,, is wind velocity, R, =~ Rspn. Mass loss rate
M,, = f,,M. Radius R = R(t = 1):
%MW Rsph
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Quasi-spherical envelope

Three cases:

» subcritical

» supercritical, Ry 2 Ry —
accretion disc directly visible

» supercritical, Ry < Ry —
optically thick photosphere
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Quasi-spherical envelope

Three cases:

» subcritical
» supercritical, Ry 2 Ry —
accretion disc directly visible

» supercritical, Ry < Ry —
optically thick photosphere




Quasi-spherical envelope

Standard disk flux

~1/3 4/3 -2
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Quasi-spherical envelope

Standard disk flux

N\ 13 Mo \4/3 D \~2
F, ~ 6. - 2/3 ( Aobs 147)-8/3
6.9cosim < m 109 M. X IGpe (1+2) mJy

(normalization for F814W HST data) =>

D \3?
M ~ 4.5 x 107 <1Gpc) (14 2)2 x m~ Y2 x 10793019\ (7)

m-?
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Quasi-spherical envelope

Standard disk flux

A\ -1/3 Y, 4/3 D\ 2
N .. 2/3 obs 1 —-8/3
F, ~6.9cosim <1M ) <109 M®> X <1Gpc> (1+2) mJy

(normalization for F814W HST data) =>
D \32
M ~ 4.5 x 107 <1Gpc) (14 2)2 x m~ Y2 x 10793019\ (7)

m -7 M?m is measured from flux
No new information from radius estimates in the standard disc model!

R1/2 X (I\/I2n'7)1/37



Quasi-spherical envelope

m and mass estimates: standard disk behind a scattering
envelope

RP« >~ 16R1

2 :
IZI—AC/I = \%m3/2 X €OS (; arccos (31/ 2Xn;n>> (8)

—1/4 —3/4
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1015 x:
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accretion rate is found by simple iteration




Quasi-spherical envelope

m and mass estimates: results
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Quasi-spherical envelope

Physical M and masses
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Quasi-spherical envelope

Photometrical evidence for supercritical QSO
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Quasi-spherical envelope

Spectral evidence for outflows: UV range
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Quasi-spherical envelope

Spectral evidence for outflows: X-rays
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Quasi-spherical envelope

Source sizes in X-rays
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Resolving the inner edge

High-amplification events

pwoc At—1/2




Resolving the inner edge

Microlensing of an inclined relativistic disc
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Resolving the inner edge

QSO J2237+0305 image A
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Resolving the inner edge

QSO J22374-0305 image C
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Resolving the inner edge

Conclusions:

» considerable part of high-redshift quasars are accreting in moderately
super-Eddington regime

» supercritical disk envelope allows self-consistent mass estimates in
microlensed quasars

» BAL quasars may be linked with super-Eddington sources
> inner parts of the disk (several GM/c?) are visible and emit X-rays

» inner disk structure may be traced through the fine structure of
high-amplification events
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Thank you for attention!
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