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Cosmic Microlensing

Simulated microlensing magnification pattern for a 
cosmological distribution of lenses with total 
convergence κ = 0.3 (left) and κ = 0.6 (right).



Field 287 Survey

• 814 quasars 
• Observed every year for 26 years 
• Redshifts in range 0.1 - 4.0 
• Absolute magnitude -20 > MB > -28 

• Data in blue and red passbands



MACHO Survey

• 59 quasars 
• Sampled at 10 day and 50 day intervals 
• Redshifts in range 0.1 – 2.8 
•  Absolute magnitude -20 > MB > -28 

• Data in blue and red passbands



Light curve for a low redshift AGN in red (top) and blue 
(bottom) passbands.  The small outburst starts in both 
colours simultaneously, but is more prolonged and 
weaker in red.



Feature in a high redshift quasar light curve having 
the appearance of a caustic crossing event in the blue 
passband (bottom).  The feature is not properly 
resolved in red (top).



Quasar light curves 
showing the 
characteristics of 
microlensing by solar 
mass bodies.  The 
red light curve (top) 
leads, then follows, 
the blue light curve 
(bottom).  Fine 
features are not 
resolved in the red 
curve.



Diagrammatic quasar accretion disc crossing a simulated 
caustic pattern.  The pattern is unresolved by the outer 
red part of the disc, but better resolved by the blue core.  
Amplification events will commence first in red, which 
will finish after blue.



Fourier power spectra of quasar light curves from low 
(filled circles) and high (open circles) redshift samples.  
Time dilation has been corrected for in the quasar frame.



Turner, Ostriker & Gott 1984



Light curves for low and high redshift AGN in three 
passbands.  The observations for NGC 5548 are from IUE 
and correspond to the same rest wavelengths as the UBR 
light curves for the high redshift quasar.



Fourier power spectra of light curves for luminous quasars 
in B and R passbands, showing achromatic variation.



Structure functions for increasing and decreasing brightness for a 
sample of quasar light curves, showing statistical symmetry of variation.



Fourier power spectrum of a sample of blue 
passband light curves.  The characteristic 
timescale of variation is 24.0±2.7 years.  For 
microlensing variations this corresponds to a lens 
mass of around 0.4Mʘ



HE1104-1805 from HST



Microlensing light curves in multiply 
lensed quasar systems

The timescale of variation implies a mass for 
the lenses of around 0.2-0.4Mʘ



Optical depth to microlensing

Convergence from stars (filled circles) and dark matter 
(solid line).



Optical depth to microlensing for images of 
multiply lensed quasar systems from stars in the 
lensing galaxies.



Simulated microlensing magnification patterns for the 
stellar population of lensing galaxies at the position of 
the quasar images, using typical values for convergence.  
The right hand panel shows the effect of adding shear.  
Randomly placed quasar light curves are shown as yellow 
tracks. 



The first detection of a MACHO event in the 
LMC.  The field is very crowded, and the two 
frames show the effect of variations in the PSF.



Light curves in blue 
and red passbands 
for the first MACHO 
detection.  The 
variation is 
achromatic, and 
closely follows the 
theoretical curve 
for a point source 
microlensing event.



HST Observation of MACHO Field



Microlensing detection efficiency for 
the MACHO project



Detection Efficiency Issues

1. Irregular sampling of light curves, obscuring the 
microlensing signature. 

2. Overlapping images, reducing the amplitude of 
variation and the estimate of the number of stars 
being monitored. 

3. Proximity of images producing spurious colour 
changes. 

4. Changes in point spread function resulting in images 
being resolved in some frames but not on others. 

5. Anomalies in detections in the different surveys for 
overlapping observations. 



Lens mass for MACHO events

Likelihood contours for MACHO mass m and halo 
fraction f.



Rotation curves for MACHO models for the outer part of the 
Galaxy



Rotation curves for MACHO models of the Galaxy out to 
60pc



Rotation curves for power law models of the Galaxy out to 
60 pc



Constraints on the mass fraction in 
compact objects

 An alternative approach to measuring the mass fraction 
of compact objects in lensing galaxies comes from 
maximum likelihood estimations based on lensing models 
of a large sample of lensing galaxies.  See Mediavilla et 
al. (2009) and Pooley et al. (2012). 

The stellar population is adjusted to give the observed 
microlensing signature, and typically results in a most 
likely mass fraction in compact objects of around 10%. 



Issues with the maximum likelihood 
constraints

There are a number of assumptions in this procedure, 
such as the lens profile and source size, but the most 
significant issue is that most of the lens systems are 
small enough to fit into the central region of the lensing 
galaxy.  Here, the stellar density is typically high 
enough to account for the observed microlensing 
regardless of the dark matter content. 

For galaxies with widely separated images, which form 
a minority of the samples, the expected mass fraction 
of compact objects is much larger than the stellar 
population.



The mass of the lenses
Three regimes have been identified where there is a 
plausible case that compact bodies have been detected 
which could make up at least substantial fraction of the 
dark matter. 

1. Quasar variability attributed to microlensing by a 
cosmological distribution of compact bodies. 

2. Quasar images microlensed by non-stellar compact 
bodies in the halo of the lensing galaxy, or more 
generally along the line of sight. 

3. Microlensing of LMC stars in the Galactic halo by a 
population of non-stellar compact bodies. 

In each case estimates of the mass of the lenses is 
around 0.2-0.4Mʘ



The identity of the lenses
The population of compact bodies detected in the 
various microlensing experiments appear to make 
up at least a substantial fraction of the dark 
matter. 

On that basis baryonic constraints rule out the 
possibility that they are stars. 

The requirement that they be compact enough to 
act as microlenses of around a solar mass rules 
appears to exclude any other candidates apart 
from primordial black holes.



Summary

1. The only limits on solar mass primordial black holes 
appear to come from microlensing experiments 

2. There is evidence from three different regimes of 
microlensing to support the existence of a 
substantial cosmic population of solar mass compact 
bodies. 

3. Constraints from microlensing experiments in the 
LMC that such a population cannot make up the 
dark matter should no longer be seen as reliable in 
view of recent observations of the rotation curve of 
the Milky Way.




