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 Gravitational lenses



  Everyday mirages



  

Optical models of 
gravitational lenses



  Glass and gravitational lenses



  



  

Brief 
History

On the Deflection of a Light
 Ray from its Straight Motion
 due to the Attraction of 
a World Body which it Passes 
Closely (Johann Soldner 1801)

0.84 arcsec

18th Century - John Michell , Laplace and 
Cavendish - deflection of light by a body, 
assuming the corpuscular theory of light
and Newton’s law of gravitation.



  

In spring 1912, Einstein, then a professor in Prague, visited Berlin 
where he met Freundlich, who was working at the Königliche 
Sternwarte, the Royal Observatory. It is quite possible that the issue 
was discussed at a meeting with Freundlich. At any rate, Einstein did 
the gravitational lensing calculations during his Berlin visit as 
evidenced by notes found in a small notebook dated to the period 1910 
to 1914.

Exploring consequences of a heuristic 
assumption about static gravitational 
fields, Einstein in 1911 published a 
paper on the deflection of light by the 
gravitational field of the sun.



  

To Georg Hale 1913 
0.84 arcsec

There actually were plans to test Einstein's 
wrong prediction of the deflection angle
during a solar eclipse in 1914 on the Russian 
Crimea peninsula. However, when the 
observers were already in Russia, World War 
I broke out and they were captured by 
Russian soldiers. So, fortunately for 
Einstein, the measurement of the deflection 
angle at the solar limb had to be postponed for 
a few years.



  With Arthur Eddington

1919 - Sir Oliver Lodge - proposal of gravitational lens,
similar to optical.



  

In a superstitious age a natural philosopher 
wishing to perform an important 
experiment would consult an astrologer to 
ascertain an auspicious moment for the 
trial. With better reason, an astronomer to-
day consulting the stars would announce  
that the most favourable day of the year for 
weighing light is May 29. The reason is 
that the sun in its annual journey round the 
ecliptic goes tyhrough  fields of stars of 
varying richness, but on May 29 it is in the 
midst of a quite exceptional patch of bright 
stars---part of the Hyades---by far the best 
star-field encountered. ... by strange good 
fortune an eclipse did happen on May 29, 
1919.



  



  

A few years later (1924), Chwolson pointed out that 
if a star, gravitational lens, and observer are in 
alignment, the observer will see a ring-shaped image
of the star centered on the lens.

Chwolson-
Einstein

or

Einstein-
Chwolson?



  

Calculations on gravitational lensing made by Einstein in 1936 as 
background for a letter to amateur scientist R. W. Mandl. Einstein 
here derives the equations published in his note of the same year. 
The calculations are essentially equivalent to the ones of 1912.



  

1936 paper



  

Zwicky 



  



  

 Q 0957+561 A, B – First observed gravitational lens system 



  



  



  

The Centre for Advanced Study 
(CAS) at the Norwegian 
Academy of Science and Letters 
is a basic research institution 
devoted to ensuring that 
outstanding, innovative 
researchers get the resources they 
need to make further scientific 
advances. In other words, CAS is 
intended to serve as a catalyst to 
enhance the quality of the 
Norwegian research system, to 
raise the standards of Norwegian 
basic and interdisciplinary 

research to the highest 
international level.



  



  



  



  

Image shifts

Splitting of images

Distortions 

Magnification 



  



  

  Time series frequency content depends 
on masses of halo objects

10-1 M


10-3 M


10-5 M




  

  Another system with strong microlensing : Q2237+0305
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Source quasar structure from 
microlensing?



  

Bohdan Paczy skiń

Idea in 1985-1986

MACHO – MAssive Compact Halo Object



  

Another type of microlensing



  

Microlensing in our Galaxy

► Magnification of the source 

Galactic structure (OGLE, MACHO, EROS)

Galactic Halo (MACHO, EROS)

Exoplanets (MPS, MOA, MicroFun)

MACHO - MAssive Compact Halo Objects

EROS - Expérience pour la Recherche d'Objets Sombres

OGLE - the Optical Gravitational Lens Experiment

MOA - Microlensing Observations in Astrophysics

MPS - Microlensing Planet Search Project

MicroFun - Microlensing Follow Up Network



  

Search of planets using 
microlensing
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MOA 2003-BLG-53Lb :  Jupiter-like planet



  

OGLE-2005-BLG-390Lb 5.5 planet 
with 5.5 Earth mass



  



  

Splitting and distortions – weak and strong lensing



  

Galaxy or group of galaxies distorts background images



  

Weak lensing – artistic phantasm 



  

 HST can see it all!



  



  

More fun!



  

Weak lensing 

 

Originals Images



  

OriginalOriginal CorrectedCorrected



  

•Stars out

•Search of images

•Averaging of 
ellipticities

•Sorting by distance

•Inversion



  

~ Gpc 

Path through cosmic mess



  

COSMOS (Cosmic 
Evolution Survey)



  



  

First light 2012?

Cerro Pachón Chile

8.4m mirror

400 Moon images in 
frame

4 shots in minute 
Not Canon, not Nikon, 
but still digital



  

Time series in gravitational 
lensing context

• Time delay estimation

• Estimation of time delay systems

• Time delays from blended light curves

• Weak transients and their significance

• High precision supernova lightcurves

• Frequency content of the microlensing 



  

Problems

• Long gaps in data sets

• High noise level

• Crosstalk in photometric channels

• Microlensing

• Low resolution

• Low number of crossing or magnification 
events


