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Figure E.1: A simplified power limiter, including a nonlinear lens acting on
a collimated beam of radius rg, and an aperture of radius r,. At high power, the
nonlinear lens acquires a focal length of f,;. The example shown refers to a negative
nonlinearity leading to defocusing.

which may lead to pulse broadening and limits the overall energy transmis-
sion.

Example of a nonlinear cavity and Gaussian beam analysis

We proceed next to a numerical example of nonlinear lensing in a cavity
using the Gaussian beam analysis of Section 5.5.3. Figure E.2 shows a ring
cavity and the equivalent unit cell of the unfolded (linear) cavity. The cavity
contains two identical focusing elements, a nonlinear lensing element, and an
aperture. We choose the distance between L; and Lo, 2d; = 52.632 mm, and
f = 25 mm, and the wavelength of the radiation A = 1 gm. The maximum
length (stability limit) of the cavity segment between L; and Ly that contains
the aperture, is such that the image point of the waist close to the nonlinear
element is at a distance d} of either lens given by 1/d} = 1/f —1/dy. It is
convenient to define the distance L between L and Lo with reference to the
stability limit, i.e. L = 2d} — £ or

dif
di— f
where £ is a positive length between 0 (stability limit) and 2d}. We first
determine the system matrix of this unit cell, M1, starting from the position

of the NLE:
i Al By
My = (01 D1) (E.3)

L=2 — (E.2)
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Figure E.2: (a) Ring cavity with a nonlinear lensing element NLE, two identical
focusing mirrors (M; and Ms) with focal length f, two flat mirrors (M3 and My),
and an aperture A. (b) Unit cell of the equivalent unfolded (linear) cavity. For
symmetry reasons two beam waists are formed, on either side, halfway in between
lenses (mirrors) Ly and Lo, that is, a distance d; and L/2 from lens L.

where the elements of the matrix are:
2d1 2d16 2 (dl + 6) (2f + Z)

A1=1+T+m+?— 12 =2.324
_f[2df ] _di)\? €& L di-e
P (T = P
_ 2 2 L 1
Ci = f+f(d1—f 72 1.44 mm
Dy 2ot 2de (il g (E.4)

f fldy = f) f?

The numerical values correspond to e = 1 mm and ¢ = 50 mm.
The stability criterium of the cavity takes the simple form:

‘M _q_a-pe_, (E.5)
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The limit £ = 0 marks a stability limit of the cavity, corresponding to
a concentric type cavity with a beam waist wg — 0. The parameter d;
determines the length of the cavity [perimeter equal to 2d%/(d; — f)]. To
obtain a stable cavity we choose a cavity perimeter shorter by the amount
£ (50 mm in our numerical example).

The eigenvalue of the system matrix is §; = (0.909 - 0.2895 i) mm™*, to
which corresponds a spot size of w; = 33 um, and a radius of curvature of
R; = 1.1 mm (at the position of the NLE), as given by the Eq. (5.118). We
note that the nonlinear crystal (NLE) is outside the Rayleigh range of the
beam waist, because propagation by -1 mm shows a beam waist of about 7
pm.

The matrix for translating from the crystal to the aperture located at a
distance L, from Lo is:

Ap Bn\ (1L, 10\ [1d—e
CnDn] \01 —%1 0 1

:< —%(dl—e)—ii—f—ﬂ (E.6)

f

1

If we choose as distance to the aperture from Ly a length L, = 300 mm,
we find for the matrix:

Am Bm'\ _ —11 21.52 mm (E7)
Cp Dy ]~ \ —0.04 mm~! —0.01264 :

The complex beam parameter at the location of the aperture, in the absence
of nonlinear lensing, is thus:

- Cm + Dp$1

= — (—0. —0.002 -1 E.
e W (—0.0336 — 0.00258) mm !, (E.8)

which corresponds to a beam parameter of w,, = 350 um. Let us first look
at the change in beam size induced by the nonlinear lensing at the location
of the NLE, as given by Eq. (5.122). We find that

1

68 = 7 (0.4521 4 0.64584) . (E.9)
nl

We assume nonlinear lensing that produces a lens of focal length f,; = 500

mm, which gives for the change in the complex s parameter s = 0.0009 +

0.00129:. From that, the relative change in beam waist dwq/w; ~ 0.5 x
0.00129/0.289 is about 0.2%.
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Application of Eq. (5.127) yields the change in complex beam parameter
at the location of the aperture:

. 1 [(0.4521 + 0.64581) 1 .
08y = — — = —[—0.0042 — 0.00567] . E.10
fnl (Am + Bmsl)2 fnl [ ] ( )

The relative change in beam waist at the aperture, for fy; = 500, is dwy, /wy, =
0.5 x 0.0056/(500 x 0.00258) and is about 0.2%.

The location of the aperture should be away from a beam waist. If we
chose for instance L, = [2d1f/(d1 — f) — ¢]/2 = 475 mm, which brings us
close to the second beam waist of the cavity, we find s,, = 0.001 — 0.16¢,
corresponding to a beam waist of 45 pm, and 63, = 0.017(1 + %)/ fu. The
relative beam waist change dwy, /(wy,) is only 0.01%.




