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Quantum info abstractions:
qubits & gates

Qubits: 
photon polarization states

Gates: 
what happens to polarization after propagation 

in a gravitational field 

Communication: gravity induces noise
Parameter estimation: a gravity probe                         



Classical photons
• well-defined position and momentum 
• move on null geodesics
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Qubit
• polarization / helicity
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Photons
• Parallel transport 0, 0p pp f   
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Schwarzschild & Kerr: use conserved quantities



Eikonal equation [0th order in        ]: rays
1st order: polarization (normalized electric field) 
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• no birefringence
• act as polarization rotation
• act individually 



• Single-qubit action
decoherence-free subsystems/subspaces 
take care of the noise. 

• Source of noise: 
if the rotation is unknown, how to put the polarizer?
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Bartlett and DRT, Phys Rev A 71 012302 (2005)



• Schwarzschild:
rigid rotation of 

• Kerr: 
Faraday/gravimagnetic polarization rotation                     

Challenges
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Theory:
comparison &
local frames 

Sci-fi:
Gravity probe
L/Q



Step 1:  standard states & standard Lorentz transformations
massive particles: ( ,0,0,0)Sk m
massless particles:  (1,0,0,1)Sk  p Sp L k
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Massless particles
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What’s in:
•Far field
•Slow motion of the gravitating bodies
•Leading post-Newtonian correction in metric form
•Harmonic gauge 
•Some redefinitions
•Flat space-time & modified equations of motion
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The shortest derivation: à la Born and Wolf, Optics
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Coordinate transformation to PPN: 
harmonic coordinates
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Conserved quantities: ( 1),   E  L

Choice of the frame: / 2,   0k  

Trajectory: 
a plane curve

Polarization: 
a rigid rotation
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To get zero Wigner phase
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A physical direction: set z 

A necessary & sufficient condition:
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Generalization: 
proper frame acceleration 
of an observer at rest
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How to rotate a polarizer?

x
ke

y
ke



2
2 2 2 2 2

2
21 Mrds dt dr d  


        
2

2 2 2 2 2 2
2 2

2 4sin sin sinMra Mrar a d d dt    
 

 
    
 

2 2 2 2cosr a   2 22r Mr a   

1 2, ,zE L K iK

Equatorial motion:
like Schwarzschild
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Coordinate transformation to PPN: 
harmonic coordinates (still)

Conserved quantities: 



PPN waves: 
Skrotskii equation
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Photons
[and the gravitational lens]
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Inertial frames are dragged in the direction of motion 
of the sources of the gravitational field.  
The differential rotation between adjacent frames (far field)

Frame dragging
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Assumption: Coriolis force acts on polarization as on gyros
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Order of magnitude agreement (only)
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Question 1: 
true physical rotations in different regimes

Question 2: 
space & mirrors
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+ quantum phase estimation?
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