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» Laser light excited inside a polygonal

optical cavity V. —
s =
AL

» Two electromagnetic waves travelling A
in opposite directions

—I—AVSF> H'Q—I—AUO—I-AV35+17

> The frequency split between opposite
travelling waves is mainly due to

rotation.

ical cavity geometry

Laser dynamics

Laser
excitation
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E1= (o +iw)E+ VzeiEEz_ S, 1) E,
Ez: (a,-iw,) E,+ rleleEl_ Sl 1,) E,

I ,= |E?2‘ S = |Ey + E,|?
fio(d,1,)=B1,+(6+iT)],,

Where

r
El,z(t) are linearly coupled through 1,2 <

And non-linearly coupled through - @ = T
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The Ring Laser dynamics in E — [A — @(E)B@(E*) E

compact from:

The matrices A = %P(O) — M and B = EP(Q) are given by

« Atomic Polarization: > Active medium= He-Ne isotopic
mixture.
» Non Linear Coupling.

» Can be computed using QED.

o Dissipative Effects: > Related to cavity mirrors
transmission,absorption and scattering.
» Linear Coupling.
» Sagnac effect.
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Ring Laser dynamics:

Rotational frequency estimation

Dissipative parameters identification: Active parameters estimation:

» Polarization computation with Lamb
model

» Perturbative solutions of the RL
dynamics

» Pre-filtering for electronic noise » Additional spectroscopic diagnostics
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Fig. 5 Comparison of the backscattering (blue) estimated from the intensity channels with the residuals of
the Sagnac frequency (red) estimated from the interferogram channel. Note that they correlate on the
micro-hertz scale.
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Task: Find the laser beams position for a given
cavity configuration

Formalism: Geometric Optics

Problem Data: » 4 Pointsin R3, The spherical
mirrors C.0.C. €k

> 4 positive scalars in IR, the
spherical mirrors R.O.C. 7y

To find the beams position,

: , , the Fermat’s Principle
Problem variables: » 4 Points on the Unit (stationarity of the optical
Sphere S?, i.e. a point of

th length) is used:
the Oblique Manifold 2x4. path length)

X = (x1,...,%X4) € OB(2,4) grad p(X; C, R) — O:
Laser spot virtual positions:  Zjp = Cj - T X
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Geometric Newton Algorithm 1 Geometric Newton Alghoritm.

Equation Input: xy € M, real valued function f on M, Armijo parameters («,f3,0),
iterations maximum number n, target value ¢ for the gradient norm.
{Hess f(x)[n:] = —grad f(x) Output: Sequence of iterates xq,...x,
e € ToM 1. While k < n or ||grad f(zk)|| > ¢

Retraction 3) 0 Nz,

R:T,M — M. 3. Set xpy1 = Ry(tkns, ), where ) is the Armijo step size for the function
' h for given (o, 8,0).

R(Or,m) =z

4. end While.

Armijo line search / Riemannian Gradient

Algorithm 2 Armijo backtracking search procedure.

Input: x € M, real valued function h on M, n, € T, M, Armijo parameters - N -

a >0, (B,0) € (0,1), iterations maximum number n. Vo € M’ gra‘d f(B) — ‘P-L (af(B))

Output: y € M
While k < n or

Riemannian Hessian
h(z) — h (R(aB*n,)) < —oDh(z)[aB*n,] (4.10)

k=k+1. Vo € M, Hess f(x)[n] = P» (Dgradf(a:)[n])

end While.
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The matrix .(C accounts for both the pose and the shape of the mirrors

The optical cavity Shape change Pose change
deformations are .
only induced by
shape changes S W
Pose & Shape Theo rem: M3 | Mz ‘‘‘‘‘‘‘ s
Re ' [ " .
.gularlty hypotesis on Decomposition:
mirrors centers:

”P={MEIR3X4|M1-/\M1'+1#O,M=03x1} 7) - 80(3) X :7- X V
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The isosceles trapezoids:

/o

ay b O- \
T =/ 0 a, O €R3X3, a1,a2€R+,b€1R 0
0 0 1)

/

The irregular quadrilaterals:

e, —e
V:R3\{el+aeg,—ez+6e1, 12 2+7(el+e2),a,ﬁ,7€R},
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v l v

RLG_CAV > RLG_PAR > RLG: DYN

__________________________ L

Diagonal loop ouT

__________________________

Intensity loop
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RLG Simulator: Overview
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» Ring laser dynamics effects on the accuracy rotational
frequency estimation reviewed

> Offline procedure for the subtraction of laser systematics
designed and demonstrated

» Geometric Newton algorithm for the computation of the
beams position in the optical cavity designed and
demonstrated

» Pose & Shape decomposition of a square optical cavity
proposed

» RLG Simulator of all the relevant processes involved in
the Ring Laser operation developed
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