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The action of gravity on light is well known but the converse  

- i.e. the way light acts as a source of gravity -  

remains, to a large extent, unexplored. 
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On twisted light
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l = 1 twisted light 
propagating along the z-axis

Projection onto the azimuthal plane

- Laguerre-Gaussian beams

- Bessel beams

The OAM is characterized by an azimuthal phase dependance of the electromagnetic field.
Light can carry orbital angular momentum (OAM)
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Different types of twisted beams:
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Generation of Bessel modes

Region over which 
twisted light is generated
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Bessel modes can be modeled as an infinite superposition of plane waves:
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Characterization of the Bessel modes
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Characterization of the Bessel modes

<latexit sha1_base64="louXMZI8E2EzLT0tcSeapGerhMk="></latexit>

� ⌘ arctan(y/x)

<latexit sha1_base64="sjGplhIB3Es5tKx+LLmImgFNw3M="></latexit>

Ez = 0

<latexit sha1_base64="f/S7o+wPU9uTGGjCKCYc96WnqDE="></latexit>

Ey = �E0

2
[Jl+1(�⇢) cos(!t� kzz + (l + 1)�) + Jl�1(�⇢) cos (!t� kzz + (l � 1)�)]

<latexit sha1_base64="rU9j+3AUDoHhYJXm1Z0pPMm6QvA="></latexit>

Ex =
E0

2
[Jl+1(�⇢) sin(!t� kzz + (l + 1)�)� Jl�1(�⇢) sin (!t� kzz + (l � 1)�)]

<latexit sha1_base64="UW7M0oh42QsAhroCDx06Dm7JrWc="></latexit>

Bx = cos(↵)
E0

2
[Jl+1(�⇢) cos(!t� kzz + (l + 1)�) + Jl�1(�⇢) cos(!t� kzz + (l � 1)�)]

<latexit sha1_base64="g2ECtPYW2HrrDbccUfkEgmq64Vc="></latexit>

By = cos(↵)
E0

2
[Jl+1(�⇢) sin(!t� kzz + (l + 1)�)� Jl�1(�⇢) sin(!t� kzz + (l � 1)�)]

<latexit sha1_base64="Yqk0xxEs0v8m30yCOqcVSRMfrJA="></latexit>

Bz = sin(↵)
E0

c
Jl(�⇢) cos(!t� kzz + l�)

UHFGWs - Where to next?5



Killian Martineau - LPSC

Bessel modes can be modeled as an infinite superposition of plane waves:
<latexit sha1_base64="gDb/AhJqlMqFkm+ukZtR8BldfGs="></latexit>

~E(~x, t) =
1

2⇡

Z 2⇡

0
ilE0e

i(kµ(�)x
µ+l�)n̂(�)d� Azimuthal position on  

the conical surface 

Fields components

Bessel mode E-field orbital angular momentum
<latexit sha1_base64="Lclq1WEUDabu6nig80Cv8Ntgh44="></latexit>

l : OAM parameter
<latexit sha1_base64="x76oynOunCuJ2a3+OWYNjfjdfyY="></latexit>

Jl : Bessel functions

Pulse  
frequency

<latexit sha1_base64="hGuRuipuPuTrzL2eZ41bXUPuHoU="></latexit>! :

<latexit sha1_base64="xtxaBFa5bfpdJpF4YA7R8ujND1M="></latexit>

~J =

ZZ
✏0E0

c

l

k
J2
l (�⇢)ẑdS
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Associated spacetime deformations
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Spacetime deformations in the TT gauge
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Beaming effect
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Beaming effect towards the half-cone angle
<latexit sha1_base64="KyHbl0MDZzBZU7s+tNM9H62aBvQ="></latexit>

⇣L ⌘ !L/c > 1When <latexit sha1_base64="WRbbOhqFRlmkE+BXxr/wvAjoiKI="></latexit>↵

Spacetime deformations in the TT gauge

UHFGWs - Where to next?8
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Main characteristics of the GW signal

UHFGWs - Where to next?

Frequency <latexit sha1_base64="21V8At8miKC4OEmogIY4giNivtw="></latexit>

!GW = 2!pulse ' 8.55⇥ 1014Hz

For a NIF’s 351 nm laser pulse

10
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Main characteristics of the GW signal

UHFGWs - Where to next?

Frequency <latexit sha1_base64="21V8At8miKC4OEmogIY4giNivtw="></latexit>

!GW = 2!pulse ' 8.55⇥ 1014Hz

For a NIF’s 351 nm laser pulse
Strain

<latexit sha1_base64="opNI7p8eNoyLYd1JHzXoCyfN+po="></latexit>

h ⇠ 10�36

One meter away from the source

Inside far-field: Solid line 
Outside far-field: Dotted line 

10

at best!
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Main characteristics of the GW signal

UHFGWs - Where to next?

Frequency <latexit sha1_base64="21V8At8miKC4OEmogIY4giNivtw="></latexit>

!GW = 2!pulse ' 8.55⇥ 1014Hz

For a NIF’s 351 nm laser pulse
Strain

<latexit sha1_base64="opNI7p8eNoyLYd1JHzXoCyfN+po="></latexit>

h ⇠ 10�36

One meter away from the source

Inside far-field: Solid line 
Outside far-field: Dotted line 

10

-
<latexit sha1_base64="tGKmWj9vtdoUORDxrYpoEOmRvYc="></latexit>

P ⇠ 9.4⇥ 10�5 W.m�2
<latexit sha1_base64="BK4MaesHTQvPI4y0mQ0YoomC3SA="></latexit>

> PGW15094 ⇠ 3.6⇥ 10�6 W.m�2 Powers evaluated at the detector location

Power

- Excellent control on the direction of emission

at best!
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Gravitational waves from high-power twisted beams

UHFGWs - Where to next?

In definitive

Generated strains are too low 

Possibilities to boost the signal?

The optical setup provides a very good control over the GWs properties  
(frequency, direction of emission, polarisation states)

Subtle and unexpected effects do appear

<latexit sha1_base64="9rmJL5Uq44khVactWEQHdk4UnOE="></latexit>

{
(Beaming effect towards the half-cone angle alpha, …)

11

Borrowed from Aldo’s talk

Borrowed from Georgios’s talk
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Thank you!

UHFGWs - Where to next?12

Beyond any possible application,  
the question of the gravitational field created by light is, in itself,  

fascinating and largely unexplored.  
A lot remains to be understood.


