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Main goal is to study how the
spin of a photon affects its 
motion in the gravitational field



Spin dependence of the kick 
effect for BH-BH coalescence



Hawking effect is a well known example 
of gravitational spin-spin interaction

1
J

Hawking radiation of a rotating BH:

E= d
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Anisotropy of emission of particles with spin
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Gravito-electromagnetism

Weak field limit:
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For a particle mo
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Particle with spin Particle with magnetic 
dipole moment

Maxwell equations Dirac (Pauli) equation

Geometric optics (WKB) approximation

GRAVITY Electromagnetism



Stern-Gerlach Experiment
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Lessons

(i) In the exact solution for a wave packet there 
exists correlation between orientation of spin 
and spatial trajectory of electron;

(ii) At late time the up and down spin wave 
packets are moving along  classical trajectories;

(iii) Formal WKB solution represents the motion of
the`center of mass’ of two packets
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To obtain a correct long time asymptotic behavior 
of the wave packet one needs:

(i)   to `diagonalize’ the field equations;
(ii)  to `enhance’ spin-dependent term 
(iii) include it in the eikonal function
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Geometric optics (WKB) - `big picture’

ˆ ˆ( )    Field equation:   0,   ( , ) 

( )   WKB ansatz: ( ) ( ) exp( ( ) / )

( )   The `leading order' term gives: ( , ) 0,

( )   To solve the first order PDE for ( ) one uses the m
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Phase Space
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Phase space:  {P , , }

Symplectic form  is a closed non-degenerate 2-form

d =0 ( =d )

Hamiltonian  is a scalar function on the symplectic 

manifold P
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Poisson bracket { , }

 is a generator of the Hamiltonian flow

Equation of motion is    = 
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In the vicinity of any point  it is always possible

to choose canonical coordinates   
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Initial position of the wave front:
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Spinoptics in gravitational field

(i) Spin induced effects
(ii) Many-component field 
(iii) Helicity states
(iv) Massless field
(v) Gauge invariance



Maxwell equations in a Stationary ST
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3+1 form of Maxwell equations
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Master equation for c-polarized light
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  Monochromatic waves of frequency 

  Two helicity states =  

  For a single photon its helicity is a conserved quantity
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“Standard” geometric optics

-1Small parameter:  =( )

 is characteristic length scale of the problem
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Properties of the operator L
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Ray trajectories
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Transport equation

We determine vectors of the basis ( , , *) along rays by

requiring that they are Fermi transported;
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Faraday rotation
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Characteristic scale  : | | 2
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(i)  Light ray is a 4D null geodesic

(ii) Vector of linear polarization is 4D 

      parallel transported

4 - D point of view :



Modified geometric optics
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Application to Kerr metric
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Rainbow effect for BH shadow

(1) Frequency dependence of the shadow position for circular polarized light;

(2) For given frequency shadow position depends on the polarization 



SUMMARY

(1) Standard GO picture: In the Kerr ST a linearly polarized 
photon moves a null geodesic and its polarization 
vector is parallel propagated. 

(2) Modified GO picture: Linear polarized photon beam 
splits into two circular polarized beams. 

(3) Right and left polarized photons have different 
trajectories.

(4) In a stationary ST their motion can be obtained by 
introducing frequency dependent effective metric.


