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Several gravitationally lensed quasars are observed witimalous magnifications in pairs of
images that straddle a critical curve. Simple theoretimalments suggest that the magnification
of these images should be approximately equivalent, weemeaimage is observed to be signifi-
cantly demagnified. Microlensing offers a possible expti@mgor this discrepancy. | will discuss
the significance of the two key parameters in modelling tffiescé the fraction of smooth matter
in the lens at the image positions, and the size of the quas&si®n region. We have applied
our model to the anomalous lensed quasar MG 0414+0534, and #8095 percent upper limit of
2.62 x 10%%cm on the radius of the I-band emission region. The smoottempércentage in this
lens is unconstrained.
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1. Introduction

Gravitational microlensing of multiply imaged quasarsadfan excellent opportunity to con-
strain the size and geometry of emission regions in the sodrais is traditionally done by observ-
ing and modelling microlensing-induced high-magnificatievents in lensed quasar lightcurves
(e.g. [1], [16], [18]). Lensed quasars displaying anomsalfiux ratios provide an alternative ap-
proach to this particular problem, which will be discussedeh

Lensing theory tells us that images closely straddling #ceticurve should have approxi-
mately equivalent magnification [3], [4]. However, numesdansed quasars are observed with
one image in a close pair significantly demagnified with respe the other. MG 0414+0534 is
one such anomalous lensed quasar, for which Schechter aoceMeported an I-band flux ratio
between images, andA; of 0.454+ 0.06 in observations taken on 1991 November 2-4 [13]. This
observation will be used throughout the following analysis

Microlensing offers a possible explanation for this digerecy. Standard microlensing simula-
tions, which assume that all matter in the lens is in the fofcompact objects, yield an extremely
low probability of 0.068 for a flux ratio lower thaf, /A; = 0.45+ 0.06 in MG 0414+0534 [15].
Adding a smooth matter component to the lensing galaxy isgh@mulations can significantly
increase this probability, to values as large as 0.35 [14heOpossible explanations for these
anomalies exist. Millilensing by cold dark matter substnues is the most compelling alternative
(e.g. [9]). However, millilensing should also affect theli@memission from the quasar, for which
an anomalous flux ratio is not observed in MG 0414+0534 [7].

We have extended microlensing simulations presented bésew([15], [14]) to include both
the effects of varying source size and smooth matter comydnehe lens on the magnification
distributions of images straddling a critical curve. Wertlise the anomalous flux ratio observed in
MG 0414+0534 to place a constraint on the size of the I-baridsom region in the source quasar.

A standard cosmology witHy = 70kms M pc~2, Q= 0.3 andQa = 0.7 is used throughouit.

2. Simulations

We conducted microlensing simulations using an inverseshmpting technique (e.g. [8],
[17]). The key parameters in these simulations are the cgameek;q; (divided into a continuously
distributed componert; and a compact stellar componeqt following [14]) and the sheay of
the lens at the image positions. These parameters for imfgasdA, in MG 0414+0534 were
taken from [15], and are provided in Table 1.

Image Type Ktot y Hhot
Ar minimum 0.472 0.488 24.2
A, saddle 0.485 0.550 -26.8

Table 1: Lensing parameters for the images of interest in MG 04144@A3andA;, [15]).

Magnification maps covering an area ofrfgdx 24ny were generated, wherg is the Ein-
stein Radius projected on to the source plan@53% 10%(M /M. )Y?cm for MG 0414+0534).
We allowed the smooth matter percentage in the lens to varg 5% to 99%. For each model,
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source radius: 0.057, source radius: 0.257, source radius: 0.507,
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Figure 1. Cumulative probability distributions foAm between image#; and A, in MG 0414+0534.
Smooth matter percentages of 0% (solid line) and 93% (dalshedare displayed, for three characteris-
tic source radii (left to right). The line representing tl#é 8mooth matter, .05, source radius distribution
is provided in the second and third panels (dotted line) fmngarison.

20 magnification maps were generated, with a resolution 482®048 pixels. This number of
24no x 24no maps was found to provide enough statistically independata points to construct
reasonable probability distributions.

The magnification maps were then convolved with a Gaussiarcedrightness profile, with
characteristic radius varying from@®ng to 2.00ng. In physical units for MG 0414+0534, this cor-
responds to a characteristic radius @7x 10'® to 7.50x 10'6(M /M., )%2cm. A Gaussian source
brightness profile is reasonable as [10] have shown thatoieitsing fluctuations are insensitive
to all source model properties except the radius. Prolalulstributions for change in magni-
tudeAm= 2.5log;0( 2/ H1) Were constructed by dividing magnifications for imageby those for
imageA; and binning the results.

3. Flux ratio distributions

In Figure 1 we provide simulated cumulative probabilitytdimitions for change in magnitude
Am between images, andA; in MG 0414+0534. In the first panel, we plot distributions for
a source with characteristic radiusbrg (essentially a point source in our simulations) and a
smooth matter component of 0% (solid line) and 93% (dashme).li This illustrates the effect
previously observed in [14]. For a small source, a flux ratidoav asA,/A; = 0.45 (equivalently,
Am= —0.87) has a probability of 0.07 for the 0% smooth matter casgQa8il for the 93% smooth
matter case.

When we increase the source radius 260 (Figure 1, panel two), the 0% and 93% smooth
matter probability distributions become virtually idexa. For larger source radii 80n in panel
3 of Figure 1) the 93% smooth matter distribution is found ¢éontarrower than the 0% smooth
matter distribution. We therefore conclude that a large atmenatter component is only able to
explain observed anomalous flux ratios if the source sizenalgelative to the Einstein Radius.
Similar results were obtained in [6] for a different regidrko— y parameter space.

4. Constraining the size of the emission region

We now compare the anomalous observed flux ratio in MG 041240%ns = Ax/A1 =
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Figure 2: Cumulative probability that the I-band emission region i®M414+0534 is smaller than a radius
n, given an observed flux ratio ¢A;/A;)ops = 0.45+ 0.06. Results are displayed for two source radius
priors: logarithmic (solid line) and uniform (dashed line)

0.45+ 0.06 with our simulated conditional probability distribut® for flux ratio. This allows
us to construct likelihoods(Ropds, ) for the observed flux ratio given source radipéin units of

No) and smooth matter percentagie K¢/ Kiot- Using Bayes’ theorem, we convert these likelihoods
into ana posterioridifferential probability distribution for smooth matteeqgentage and source
size as a function of observed flux ratio:

d?P dPorior dPyri
0L prior prior
s I S g5 a
We then marginalise over the observed distribution for fatior treating the error as a Gaus-
sian with a characteristic radius equal to the observaltiemar of +0.06,

2P dR<d2_P ) 1 exp<—(R—Robs)2>
dsdy dsd7 [Ress/ /27ARops 2ARZ,

We used a constant Bayesian prior for smooth matter pegengs the smooth matter per-
centage is a dimensionless quantity. A logarithmic Bayepigor was chosen for source radius,
as a prior which is flat in the logarithm ensures that the ratiprior probability for two values
of source size does not depend on the units chosen. We rdpaatenalysis using a constant
Bayesian prior for source radius, in order to check the etiéprior selection on our results.

We then find marginalise over the smooth matter percentage,

(4.1)

(4.2)

dP " d?P
an — /) dsan ds (4.3)
to obtain the probability that the source is smaller thanréiqudar radius,
n
" dP
P(<n)= [ —dn" (4.4)
0 dn’

The results of this analysis are provided in Figure 2, fohlibe logarithmic (solid line) and
constant (dashed line) source radius priors. For the lthgmit prior, we find that the radius of
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the I-band emission region in MG 0414+0534 is smaller thaom with a statistical confidence
of 95%. This corresponds to a physical radius @22« 10'5(M/M.)Y/2. The constraint is less
stringent where the constant source radius prior is useds imtlicates that the range of source
radii that are consistent with the data is considerable. shheoth matter percentage in this lens is
unconstrained.

5. Discussion

The size limit obtained here is consistent with those datethfor other lensed quasars, using
different methods (e.g. [1], [16], [18]). We note, howewrat those methods depend upon the
apparent transverse velocity of the source, which is ndtkmelwn. Our method is independent of
this factor. Furthermore, we were able to obtain our limihgs single observation of the lensing
system, whereas most earlier analyses have relied upoftéomgmonitoring.

MG 0414+0534 is not the only lensed quasar displaying anmmsalux ratios between close
pairs of images. PG 1115+080, SDSS J0924+0219, WFI J2026-d5d HS 0810+2254 are four
other well-known examples [11]. These systems are beirigehcstudied. Pooley and collabora-
tors have investigated ten systems in the X-ray and optimhtancluded that their optical emission
regions are larger than those predicted by thin disk modessfhctor of~ 3— 30 [12]. Chiba and
collaborators are using mid-infrared and IFU observatiohanomalous lensed quasars to place
limits on the abundance of small-scale dark matter haloggataxy scales [5].

We have obtained contemporaneous observations of MG 04B4+8cross five filters using
the 6.5m Magellan telescopes, in collaboration with Davioy&. Theories of quasar accretion
suggest that different wavelengths are emitted from differegions in the source. Current accre-
tion disk models, however, have considerable difficultyuaately explaining observations [2]. Our
data will allow us to probe the structure of the quasar céetngine directly. The results of this
analysis are forthcoming.

In conclusion, we find that microlensing simulations withnaoeth matter component in the
lens are able to explain anomalous flux ratios observed leetwansed quasar images straddling
a critical curve. The size of the emission region and thetyafithe images are more significant
factors than the smooth matter percentage in the lens. e pl®5% upper limit on the size of
the I-band emission region in MG 0414+0534 082x 10'5(M /M, )Y/2.
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