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Introduction |

The usual formalism of lenses is based in a linear superposition of Schwarzschild
masses

4M = £ g
= a@=Y (1)

a(§) e

= —

@

however it may be useful to consider general situations where the whole
energy-momentum of a continuous distributions is taken into account.

Some works have suggested that a broader approach in the mass content may
be useful in the description of DM.

In particular, it is desirable to have at hand expressions in terms of the curvature
of the lens and not in terms of metric functions.

Our motivations is improve in standard tools from first principles (deviations
geodesic equation) to obtain general expressions in a cosmological context.

This would allow to deal with geometrical models of the lens.

We present a novel formalism for weak lensing and simple geometrical models
for describing some astrophysical systems.
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Weak lensing in cosmology |

® Ve make the comparison with respect two spacetime and we retain the basic
notions:

Gravitational |

® ( is the observed angle (i.e. non-trivial curvature)
® [ is the angle that one would observe without lens (i.e. no curvature).
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Weak lensing in cosmology Il

The geodesic deviation equation

® With respect to a null tetrad adapted to the path of the photons
(0%, m*, m*, n®) the deviation geodesic vector ¢¢ = 4l is:

s =em® +3m, (4)
® |t satisfies:

[Le@) =-0x,|

(5)
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Weak lensing in cosmology Il

® Angular magnification p:

nx) = i

1
K)2—(F +73)
® |Intensity magnification fi:

let us note that

w>1
L Z(02)

o (8)
= oM 2)

()
due to Etherington’s theorem one has
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Weak lensing in cosmology IV

m—M=—

5 F (N z) 5 (
—lo =——1lo A) +5lo
2 1% Z 00, 210) > g p(N) g
and kinematic variables.

it is valid in any spacetime and only contains information of the optical scalars

A1+ 2)?
A10 )
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Weak lensing in cosmology V
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Let us note that for the concordance model p/, < 1.
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Weak lensing in cosmology VI

® The optical scalars are computed without recurring to the deflection angle
where

(X)) =—-(@p+Q) X,

(12)
_ [6Pg0 ¥
0Q = (5\110 ) .
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Weak lensing in cosmology VII

72 = (1 = Ke) V2L
® The optical matrix has the following structure

(16)
A= (1 ko) (1—NL —71L

—72L .
—Y2L 1—kr +mr)’

(17
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Weak lensing in cosmology VIII

A JO
They contains the whole curvature and therefore the complete
energy-momentum tensor of the lens.

In the general case one has to take into account that k7, y v,

are independent.
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Weak lensing in cosmology IX

where we denote generically the curvature as §C = {§®go, U }.

® The distance factor D;; only contains information about the cosmology:

1
D

_ L Da,Da
1+ 2 .

(22)
Dy,
® For a moving lens one can express the optical scalars in terms of the of the
frame of the lens.

rest
This frame is related to the frame of the fundamental observers by boost
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Weak lensing in cosmology X

v

T 1+2z Da, :

where the part in blue correspond to the usual quotient zi
cr

® The corrections is very small in typical situations since peculiar velocities small.
® However, the derivations of the motion of the lens is straightforward in this
approach.
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Exact geometrical models |

® |f the spacelike components of the energy-momentum tensor can be important
in the description of the matter content then, one would like to have at hand
useful metrics to study in a simpler way interesting systems.

® Models in which the energy-content can be controlled in a simple way.

® \We consider spheroidal symmetries (prolates and oblates)
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Exact geometrical models Il

dr?
ds® = a(r)dt® — (7'2 +r2 0052(9)) (r2 e d02> = (7'2 4 rﬁ) sin?(0)d¢?
i

® The associated energy-momentum tensor can be described in terms of three
case.

functions o(r, 8), Pi(r,0) and P.(r,0), in complete analogy with the spherical

® One recover the more general spherical geometries in the limit r, — 0.

Geometry with an isothermal mass profile: M (r) =

*

r
Tx
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Exact geometrical models 1V

® C(Clearly some similarities are observed.
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Exact geometrical models V

® Analitic expression can be found but optical scalars are better
numerical integration.

analysed by
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Optical scalar #(x,z)

Opticalrscalar yi(xz)

0.005
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Summary and final comments |

We have been presented a general formalism for weak lensing immersed in a
standard cosmological context.

The notion of deflection angle can be avoided and the motion of the lens is
contained in a very straightforward way.

The formalism is well suitable for dealing with geometrical models, i.e. the lens
is properly described by its metric gje,s rather than by just its energy density.
It implies that one can consider the whole curvature and therefore the whole
energy-momentum intervening in the field equations.

We have pointed out that if the affine parameter is used an slightly different
notion of magnification, namely fi(\) could be considered which is more
geometric.

Since it is expressed in terms of the optical scalars a cosmological constant does
not intervene in observations of fluxes.

We have constructed spheroidal geometries (oblates and prolates) which can be
used as simple models for studying astrophysical systems, mainly clusters and
voids.
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