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Some reasons: way magnification may be
chromatic?

2. A method (Popovic & Chartas 2004)
Some examples (Q0957+561,Q1115+080,

PG 1413+273)




QSOs (AGN) emit radiation at a range of
wavelengths from the radio to the x-ray (gamma-

ray)
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A strong emission of radiation at radio wavelengths

3C 279

Superluminal Motion

HST closeup
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A variability of the continuum and spectral lines

(dimensions of emitting regions)
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Structure of a QSO - Elvis 2000, ApJ

GEOMETRY
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Flux Density per Unit Wavelength

The typical spectra of QSOs 1n the UV spectral range
(Reichard et al. 2003, AJ, 126, 2594)
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Starting points

A lensed QSO has different dimension 1n
different spectral band

Kinematics of emitting regions affects the lensed
QSO spectra (the continuum and lines)

The lens galaxy might have additional
gravitational potential (a small galaxy, globular
clusters, etc.)

=>» influence of GL on QSO spectra very
important for investigations of unresolved QSO
central structure




Different dimension of emitting regions:Observations e.g.
QSO 2237+0305 : Mediavilla et al. 1998, Metcalf et al. 2004,

Motta et al. 2004 (below Fig 2:Map of the integrated flux between 11305.1

and 13613.7 A (or 4203 to 5061 A in the QSO's rest frame)); CIII] line and
continuum (Motta et al. 2004)
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Kinematics of an emission region; e.g. the Fe K-alpha line

Energy (keV)




The X-ray accretion disk — Popovic
et al. 2003, A&A, 398, 975




Kerr metric
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I X,Y) = (0 X, ¥) + 5 X, Y),

where I°(%; X, Y) and IT(X; X.Y) are the surface brightnesses of the contintuum and the
lines, respectively and XY are the coordinates of the emission region in the souree plane.

XX, Y) = 85N X, Y) + SN X, YY) where SPH(AL X, Y) =I"(AX,Y) AX,Y)

A{XY) might be a cornplex function and can be represented as fimetion of the XY coor-
dinates in the source plane

Microlensing of an image:

B(A) = L %M X, Y)- Anr (X, Y)dE = A L o0 X, ¥V)+IE (X X, Y)]- Anre(X, V)dE

Method - Popovic & Chartas
2004, MNRAS — accepted;
astro-ph/0411287

where X I8 the projected surface of the macrolensed image at the source distances and
Aprrr 18 the amplification due to microlensing,

R oo JEEAXY) + I X, Y Ay (X, Y)dE
e J [F3) + FE)] ’
and the flux ratio between different imapes observed at the same epoch is

Ay JolIo( X.Y) + I8 (A X, V) Apr 2(X, Y)dE

P ks [F0) + FE0]
G-(}‘) =Ra A RB',B
Apnre(r) = SelIe(x X, Y) + I7(; X, Y) | Ayrw( X, Y)dE

[Fe(A) + FL{3)]
From Eqs. {5-7) wc write the average magnification caused by microlensing as
() _ Ar B(A)

Apre(d) = Ba() — A, L0

A
oy =Raa— A_ZRA',B' #0
1

Dar(d) —05.(2) A Ba(XN)-95.()

ZJ;{LE()‘) _ W = Ai @Br(z\ B'(A L ' “Es

R e




Tl 1

-|| !:-I [ I- LA '.'.'||-

The 4 cases

e cuar propisssd mwithod can he uses] |

imhEr

Lhe presemnce of millilsnsmg, merlemming abd

e oo

Cheseripiion

[ =0 and Han e Rl

[faf o=k Hag =R
[k o O, Kai i B

T2 E er 2 49 nnd B

III_I-.| I o = i _-rll ii 'I'lll.ll -

&Y o = Ll i L, j':l_l:

sl lII'_I-I L r'||-| iy

cat

fiA)l andfor A% £ A°
CrAE Al .||||| I|I _-' 1I-

Ay
1

l|| A -||.| |l| L pas l|| 'l__

Fula) B ae gr = falA)
4]

Mo variakhl i!'. of mallllEemsk & Piws=sdl

Ihere & o veriabiliy, Sut millliEnaine or dif=rential extinrtion
meight b present [see wp., Wucknitz et al, 20080 o Hap = f{A)

anncd e #xplained by extinction — millilenging & presen
Intrinae varinhilidy = pressma

'||||I aelEsIE O O [[ThaEe= il RImes

'||||| =i ||}_ of O ImeaEe B LS tp onnag #

itimescale ol microden=ng = longer than time delay )




The case of Q0957+561: intrinsic variation seen on Jan 26 1995
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a) 1995; Oct. & Dec. b) 1995; Jan.& Dec.
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PG 1115+080 — probably millilensing, confirmed results of Impey et al.
1998; but long-term microlensing may produce a similar effect
[Observations: 1995, July and 1996 January
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What 1s with the UV line amplification?
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Conclusions:

Magnification may be chromatic (e.g. Wambsganss &
Paczynski 1991)

Influence of GL on QSOs spectra =» complex QSO

emitting region geometry + complex potential of a lensing
galaxy

MLE =>» wavelength dependent magnification

The proposed method can infer the presence of
microlensing, millilensing, and intrinsic variability

OBSERVATIONS: from several periods (time delay =
period between observations); 3D spectrophotormetry that
can provide simultaneous spectra of all images




