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Interaction of photons with gravitational waves
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Motivation 1 —light source near a binary




Motivation 2 - Pulsar Timing Array

Pulsars

GW source far far away
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Motivation 2 — Pulsar Timing
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Motion of particles In
General Relativity



Newtonian vs. General Relativity
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Gravitational force == Spacetime curvature




Geodesic -
a “straight” line in curved spacetime

Black hole

A free-falling particle (including photon) moves along a geodesic



Gravitational waves

Gravitational waves is a propagating curvature of spacetime




Key idea

1. Photons move in accordance with
the spacetime structure

2. Gravitational waves are spacetime modulations



Calculation and
preliminary results



Plane gravitational waves at far field

plane GW

Two polarizations 3 :

plus mode cross mode

far far away... —
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Photon propagates on yz-plane




x (km)

z (km)

Mixed polarization - geodesic
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,2 Photon propagates “in y-direction
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Remarks

 Far field approximation (on Earth),
h~10"%" =~ 10" “cm
* In near field,
h~10"°% =~ lcm

because

1
h o< —
"



Future work

* Non-coupling
— (Photon) Geodesic

— (EM wave) Test EM field

* Coupling
— (Photon) Spin-curvature coupling (MPD eqguations)

— (EM wave) Einstein equation



Summary

* How light travels in GW Is an important topic

* Geodesics of photon in plane background GW is

solved

« Effect of GW on photon measurement cannot be

neglected in the near field



Appendix



Plane gravitational waves at far field

77/u/ . the flat spacetime metric

Juv — Nuv + h/u/

py - the perturbation due to gravitational wave
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For a z-axis propagating GW
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Formulations

Geodesic equations:  £% 4+ I'¢ %3¢ =
Null geodesic: gz’ =0

“velocity” in x or y direction
Killing vectors:

(1+hypcosky(z—1t))E+ hycoslkx(z—1) + dly = ¢,
hy coslkx(z —t) + @l + (1 — hycoski(z — 1))y = ¢,

where c; and ¢, are conserved quantities



Exact equations of motion
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Solutions

cahy Cu P x
T(A) = cpA — sink A — L= sin(ky X+
) L sink d = B sin(ke + 0)
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