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1. Introduction
1.1 General relativity = final theory…
Theoretical point of view:

- why Einstein-Hilbert action?
- no quantum field theory perturbation
- no conformal invariance
- validity of Newtonian potential on very short/long distances?
- …

Experimental point of view:
- flat velocity distribution at galactic distances?
-…

1.2 Interesting features of Weyl theory
- conformal invariance
- deviations Newtonian potential on long distances
- could explain flat rotation curves without dark matter?
- …

1.3 Light deflection = good probe for Weyl theory



2. The Weyl theory

2.1 Weyl action
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Weyl potential 

Newtonian potential
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2.2 Gravitational potential
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Newtonian term
(weak field)

linear term
(strong field)

Cosmological termconstant term

Breaks conformal transformation
to asymptotically flat space.

-term negligible.
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2.3 Mannheim-Kazanas parametrization

… to fit galactic rotation curves without dark matter 0>
W
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2.4 Weak- versus the strong-field limit

Weak field radius:  Newtonian term dominates over the linear term
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Strong field radius: linear term dominates, Newtonian term neglected

… in this regime:

+ conditions on the radius to insure
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3. Light deflection in Weyl theory
A/ The geodesic equation: photons (        ) or massive particles (        )
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function of the type of particle

• Photon geodesics are independent of unknown   

light deflection is a good probe for Weyl gravity
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3.2 Critical radii for photons
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On large distance scales:
linear term dominates

On short distance scales:
Newtonian term dominates

Schwarzchild like
bound orbits



3.3 Conditions for light deflection
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…in the weak field regime 
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…in the strong field regime

The types of orbits allowed can be classified:

if                 :                 , hyperbolic (e >1)

if                 :                 , hyperbolic (e >1)

, parabolic   (e =1)

, elliptic       (e <1),        circular case  (e =0)   for 
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The light deflection angle
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4.1 Accumulation point:

4. Amazing features of strong field 
regime for a negative parameter 



4.2 Peculiar alignment configuration:



4.3 Observable 
regions of space:
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5. Constraints on linear 
parameter

5.1 Solar system experiments: VLBI, CASSINI

PPN parameter       estimateγ
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VLBI

[ ] -1-17-18 m   103.1 ,109.7 ⋅+⋅−∈
W

γ

[ ] -1-18-18 m   103.1 ,107.1 ⋅+⋅−∈
W

γ
extrapolate at solar lim

b

linear parameter       estimate
W

γ

00045.099983.0 ±=γ

0017.09996.0 ±=γ
[Lebach et al. 1995]

[Shapiro et al. 2004]
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CASSINI mission Doppler Measurements
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5.2 Beyond solar system experiments: 
microlenses, mirages

Mirages exist

Abell 2218 (Hubble, NASA)

Constraints on a negative linear parameter
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Microlensing or lensing light curves

Lens equation (weak field limit):
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…but corrective factor small, maybe negligible (lens statistic required)??



• � critical radii function of       :  structure space-time (photons)

Summary of results

• They are physical or not according to the sign of W
γ

… light deflection always possible in ANY limit.0>
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… which separates convergent/divergent light deflection;

it is also function of the deflector mass.
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• Light deflection = good probe for Weyl theory:
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Present analysis could be refined: 
amazing features?,  different lens-mass models, mirage statistics …

… future missions:      improve estimate of PPN                  improve estimate of

- GAIA      [GAIA repport 2000] : 

- LATOR   [Turyshev et al 2004] : 

- …

γ
W

γ
-710  5~at     ⋅γ
-810  5~at     ⋅γ



BIBLIOGRAPHY 
included in articles:

Ø Light deflection in Weyl gravity: critical distances for 
photon paths. 
S. Pireaux, Classical and Quantum Gravity 21(2004) 1897-
1913.

gr-qc/0403071

Ø Light deflection in Weyl gravity: constraints on the linear 
parameter. 

S. Pireaux, Classical and Quantum Gravity 21 (2004) 4317-
4333. 

gr-qc/0408024


