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e Physi
s, Box 515, SE-75120 Uppsala, Sweden2 Institut f�ur theoretis
he Physik, Johann Wolfgang Goethe-Universit�atPostfa
h 11 19 32, 60054 Frankfurt am Main, GermanyAbstra
t. By 
omparing the results of numeri
al mi
rolensing simulations to the ob-served long-term variability of quasars, strong upper limits on the 
osmologi
al densityof 
ompa
t obje
ts in the mass range 10�2{10�4 M� may be imposed. Using re
entlydeveloped methods to better approximate the ampli�
ation of large sour
es, we inves-tigate in what way the 
onstraints are a�e
ted by assumptions 
on
erning the size ofthe opti
al 
ontinuum-emitting region of quasars in the 
urrently favored (
M = 0:3,
� = 0:7) 
osmology.1 Introdu
tionAlthough the opti
al variability of quasars on time s
ales of a few years 
ouldbe both intrinsi
 in nature (e.g. due to a

retion disk instabilities or supernovaexplosions) and 
aused by mi
rolensing along the line of sight, adding the e�e
tsof both me
hanisms 
an only in
rease the probability of variations. By assumingthat all variability is due to mi
rolensing and 
omparing the predi
tions frommi
rolensing s
enarios to the observed amplitudes of quasar light 
urves, upperlimits to the 
osmologi
al density of 
ompa
t obje
t may therefore be imposed.This te
hnique was �rst implemented in [1℄ to 
onstrain 
ompa
t dark matterpopulations in the mass range 1{10�4 M� for an Einstein{de Sitter universe.Here, we extend the analysis to the 
M = 0:3, 
� = 0:7 
osmology and the fullrange of quasar sizes allowed.2 AnalysisIn our model of quasar mi
rolensing, the multipli
ativemagni�
ation assumptionoutlined in [2℄ is assumed to adequately reprodu
e the statisti
al probabilityof variability. The results from the numeri
al simulations are 
ompared to theobservational sample of [3℄, 
ontaining 117 quasars in the redshift range z = 0:29{3:23, monitored for ten years. The method of 
omparing observed and syntheti
samples 
losely follows that of [1℄, whi
h may be 
onsulted for further details.The 
onstraints derived assume that the luminosities of these obje
ts are in-dependent of the radii of their opti
al 
ontinuum-emitting regions, RQSO. Underthis 
ondition, the most 
onservative upper limits are inferred from volume-limited syntheti
 samples. Our analysis is therefore restri
ted to this 
ase only.



2 Erik Za
krisson et al.3 Upper Limits on The Cosmologi
al Density of Compa
tObje
tsThe size of the opti
al 
ontinuum-emitting region of quasars is not a well-determined quantity, but typi
ally assumed to lie somewhere in the rangeRQSO =1012{1014 m.Whereas only the RQSO = 1013 m 
ase was 
onsidered when deriv-ing the 
onstraints in [1℄, we here investigate the impa
t that smaller and largerquasar sizes may have on the upper limits inferred.Figure 1 indi
ates the 
onstraints on the 
osmologi
al density of 
ompa
tobje
ts, 

ompa
t, for di�erent lens masses,M
ompa
t, andRQSO in both Einstein-de Sitter and 
M=0.3, 
�=0.7 
osmologies. Poisson probabilities of 10% (see[1℄) have been 
hosen to de�ne the upper limits. A Hubble 
onstant of H0 = 65km/s/Mp
 has also been assumed.Even though the transition to the �-dominated universe signi�
antly strength-ens the 
onstraints, the limits on 

ompa
t are seen to be very sensitive to thevalue of RQSO used.
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Fig. 1. Allowed regions of the (M
ompa
t, RQSO, 

ompa
t) parameter spa
e in theEinstein{de Sitter (Left) and 
M = 0:3, 
� = 0:7 (Right) 
osmologies. Lower valuesof 

ompa
t indi
ate stronger 
onstraints4 The Impa
t of Large-Sour
e Mi
rolensingIn [4℄, the ampli�
ation formula derived in [1℄ was shown to underpredi
t theampli�
ationof large sour
es and repla
ed by a modi�ed expression. As predi
tedin [4℄, the improved ampli�
ation formula should therefore result in tighter limitson 

ompa
t. In Fig. 2, however, we show that the implementation of the large-sour
e formalismmerely has a modest e�e
t on the upper limits, and only altersthe 
onstraints at the lowest mass (10�4 M�) 
onsidered.
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Fig. 2. The allowed region of the (M
ompa
t, 

ompa
t) parameter spa
e for a sour
esize of RQSO = 1 � 1013 m in the 
M = 0:3, 
� = 0:7 
osmology, with (light gray) andwithout (dark gray) the use of the ampli�
ation formula for large sour
es ([4℄)5 Con
lusionsBy 
omparing the results of numeri
al mi
rolensing simulations to the observedlong-term variability of quasars, strong upper limits may be pla
ed on the 
osmo-logi
al density of dark matter in the form of 
ompa
t obje
ts. In the 
urrentlyfavored �-dominated universe (
M = 0:3, 
� = 0:7), 
ompa
t obje
ts withmasses � 10�2 M� and � 10�3 M� 
annot 
ontribute more to the 
osmologi
aldensity than 

ompa
t = 0:1 and 

ompa
t = 0:05 respe
tively, provided thatthe 
ontinuum-emitting region of quasars is not signi�
antly larger than 1 � 1013m. We do however note that the method used is sensitive to the assumptions
on
erning the size of the 
ontinuum-emitting region of quasars, and be
omese�e
tively useless for RQSO � 5 � 1013 m.The large sour
e ampli�
ation formula developed in [4℄ is shown not to haveany signi�
ant impa
t in the part of parameter spa
e for whi
h the long-termvariability method provides the most interesting 
onstraints.A more detailed analysis of the un
ertainties present in this te
hnique to
onstrain the 
osmologi
al density of 
ompa
t obje
ts is 
urrently underway([5℄).Referen
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