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Cylindrical Vector Beams (CVBs)

u =exp(ia)sin(0/2)exp(—ip)eé, +cos(8/2)exp(ip)e,
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Stimulated Brillouin Scattering (SBS) In Free Space

« Used for phase conjugation of wavefront distorsions in high-energy lasers
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« The pump and Stokes beams have the same polarization (scalar process)



Conflicting Aspects of Scalar Phase Conjugation With CVBs

In CVBs, the phase and the polarization states are entangled quantities.
SBS

i, =sin(6/2)exp(—ip)é, +cos(6/2)exp(ip)e, > i =sin(6/2)exp(ip)é, +cos(6/2)exp(—ip)é,




Conflicting Aspects of Scalar PC With CVBs

* The changing polarization state with ¢ entalils a contribution to the
phase that adds up to the local phase variations.

* This is called the geometrical phase

i, =sin(6/2)exp(—ip)e, +cos(6/2)exp(ip)e, Pure OAM mode
0.8 Radially polarized

6=0

O = 4{(1/1(@1)‘1/1(@1 + 5g0)>} = S¢pcos(0)

A= 4{(1/1((01 )‘u(gpz )>} = arctan ( tan (¢, — ¢, ) cos(6))
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What happens when a CVB Is reflected by a SBS mirror?



Experimental Setup

Inhomogeneous
halfwave plate

/

Linearly HWP 1, 0°)

pol. pump ‘

creation of a CVB

Laser source: single longitudinal, single transverse mode, horizontally polarized Q-switched
Nd:YAG laser (A=1064 nm)

Pulse energy: 3.5 mJ ; Pulse width: 3 ns

SBS medium: CCl, ; threshold of SBS: 1 mJ 7



Intensity Profile and Polarization Distribution
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Fidelity of the Intensity pattern:

« Radially polarized : good
* Pure OAM : poor g



CCD,

QWP ¢-P
Linearly HWP (0°)(m=1, 0°) Stokes

L, (45/-450) QWP (0°)

pol. pump

 OAM obtained by shearing interferometry:
— Each circularly polarized component is separately analyzed.
— OAM is confirmed by the presence of two dislocations of opposite orientations in the fringe pattern.
— Each condition is repeated about 50 times for statistical analysis.



Interferograms of Stokes Beams

l, = (9/2) p(—ip)e, + (9/2) p(ip)é;
6=90" 26" _ 2°
" MWN Not available
) “”} (too weak)
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A gradual shift of the OAM values is noticed from the equator '
towards the pole of the HOPS: (“ll”
(M=-1, M=1)\¢f; rignt — (M=-2, Mm=0) — (M=-3, m=-1)
(radial) > (pure OAM) ] ”’ "
* No phase conjugation of OAM takes place, except near the poles. l) ‘) |




The Theoretical Model

* We use a vectorial SBS theory In the paraxial approximation and
with a modal decomposition.

* The focus Is on the topological charges of the OAM modes.

Details can be found in:
J.-F. Bisson, Phys. Rev. A, 105, 053501 (2022), http://arxiv.org/abs/2205.06290
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http://arxiv.org/abs/2205.06290

Theory : the Stokes Eigenmode Equation

* \We obtain a differential matrix equation that enables the calculation of the
structure of Stokes eigenmodes and eigenvalues.

E, ~(sin(6/2)exp(=ip) cos(6/2)exp(ip)) => E ~(b _zexp(i(n—2)g0) b'nexp(z'ngo))

(e ) s n ,,
{er .eg)

/ A
. 1 sin> [Q] & sin (ﬁ) cos(ﬁj exp(—ia )&,
0 ( n—2 ] M[ n—2 ] where 37 — 2 2 2

(@ % . (0
\sm [5] cos (5] exp (i) &,, COs [5) > )

fl.j . overlap integral of pump and Stokes modes

* The combination of OAM modes with topological charges (n-2) and n is the
only one that keeps the cylindrical symmetry of the beam. 12



Ep ~ (sin(@/Z)eXp(—igo) cos(H/Z)eXp(igo)){
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Theory: the Gain of the Stokes Modes
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Summary

€ near 0°

6@ near 90°

Scalar beam (8 =0°)

i, = s1n(6/2)exp(—zgo)e +
cos(6/2)exp(ip)é,

i, =sin (H/Z)GXP( ip)é, +
cos(6/2)exp(ip)é,
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i, =sin(6, /2)exp(-3ip)eé, +
cos (6, /2)exp(—ip)é,

i, =sin (6’/2)exp(—1(p)cL
cos(6/2)exp(ip)é,

« The phase conjugation of OAM of CVBs with SBS is absent in most of the HOPS.

* Near the poles of the HOPS:

— the CVB acquires a global helical phase factor exp(-2ig) that keeps the cylindrical nature of the beam.
— the stronger OAM component of the Stokes beam acquires the conjugate topological charge.

« A vectorial theory using a modal decomposition reached similar conclusions.

i, ~ exp(~ip)é,

14



Conclusion

The geometrical phase inhibits the phase
conjugation of the topological charges of CVBs In
SBS, except at the limit of pure OAM beams.
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The Theoretical Model

[J.-F. Bisson, Phys. Rev. A, 105, 053501 (2022)]

We use a vectorial SBS theory supplemented by a modal decomposition analysis.
The focus is on PC of superpositions of OAM modes.
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Modal decomposition:
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The Theoretical Model (continued)

. OE. o =y
(Za £)4,¢-0.9 Za (e Z) Vi 62 P B |:> ZB; = [(ba*a +b')a* a, )B4 * 4, }
.k 0 L =5
NI = o = = 0 '(z im\ (ba*. a' +b' a*ja'm B[A,,*Am
(Zb )8, (e T (2)B, 0.2 BY =—£,74"(E, L, )E, 25,7 ( )4
ob, I ob,
J - * ! 1=k % aZ _ bn’a *‘j am +b'! a'*j am
j aZ _ g Z (b]a - am +b I a ; am)B]A] Am Q | % _gj’lz’m(b!a*j atm_'_brlan*j a1m és‘,‘j.’mn
ZB ob', jdom (ba* a' +b', ’*.a’m)BlAj*Am 0z _
A Overlap integral:
i J _ _ -
E a_lA_l a b b - és,ﬂmn(z):"‘Bn’Aj AmBn d r
= n—2 n—2
: P la" 4 =M
Undepleted pump approx.: U e e b' b'
a_, =sin(6/2)exp(—ia
Ssinen(i) | " oy oy
| a', =cos(6/2) | sin” | &, sin| = Jcos| = exp(—ia )&,
M2l ey (e o
Selectionrule: &, =0 ifj —[-m+n+0 sin (chos [5) exp(iar)é,, cos’ [5) <,
12 = Glptna o1 = ér—l,n—Z,l,n 522 = é:l,n,l,n 18

N 511 = 5—1,,7—2,—1,;1—2



Theory : the Stokes eigenmode equation

Overlap integral:

sin” [iju sin (9] cos(gj exp(—ia )&,
a ban bnf2 2 2 2 =
_ — M Where M = 511 —571,,172,71,;172
oz\ b' b' (0 % : 2 O
n n sin| — |cos| — |exp(iar)&,, cos” | — |&, a8 =8
2 2 2 n,—1,n
SN =S 1nain
- ZJ: E(D:l,n,],n
Key points: .
1. The Stokes eigenmodes have the form:  E = (bn_z exp ( i(n _2)(p) ot (mQ?))T
a. Thevaluesof b, ,and b, correspond to the components of the eigenvectors of matrix M.
b. The corresponding eigenvalue indicates the gain of each mode.
2. Matrix M is Hermitian => eigenvectors are orthogonal and eigenvalues are real
3. Each vector mode behaves independently in this model
4. The combination of modes with topological charges (n-2) and n is the only one that keeps the

cylindrical symmetry of the Stokes beam identical to the pump beam.
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