lhihin_ - .
P LR Em—g x
SARATOV FALL MEETING XXVI

Threshold effect under High-Power Laser Limiting
for Flat-Top Pulse Shape

Savelyev M.S., Vasilevsky P.N., Kuksin A.V., Gerasimenko A.Yu.
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The principle of limiting laser radiation
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Phthalocyanines as an absorbing material for laser
technology
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Laser systems with Focal n-Shaper
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RS — radiation source; PVD — power varying device; BS — beam splitter;

D1, D2 — detectors; L1, L2 — lens
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The job of the writer is as follows. Gaussian distribution of collimated beam intensity. The TEMOO of the
laser is transformed in to a flat distribution at the top (similar to the Greek letter ). The output beam is also
collimated and has approximately the same dimensions as the input beam



Profiles of laser radiation that are used in an optical
system with Focal =-Shaper
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Description of nonlinear interaction in the case of
Intensity distribution in a rectangular pulse

The dependence of the absorption coefficient on the incident intensity u(l) is given by the following
expression:

u() = o+ BU — Ign(U — Iy), (D
where Ith is the threshold intensity, n is the Heaviside function, which has only two values 0 and 1, a is the linear
absorption coefficient, B is the nonlinear absorption coefficient.

The total energy of the pulse U can be expressed as follows:

+00 /21T o
Up, p,t) = f f f 1(p, ¢, t)pdpdy |dt. (2)
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Normalized transmission for the case of the threshold model (1) for the total pulse energy (2) in measurements
by the method of fixed material location is described by the following expression:

2 1
THOpM = exp <_B 71'3/2'51/ve/32 (UO Wrzlorm B Ul'[op) d)’ (3)
where T and w are the characteristics of a laser beam with a rectangular cross—section profile, namely its duration

and radius, respectively.
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In (3) the value of the normalized transmission:  wyory, = [1+—.
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Scheme for studying the nonlinear optical response of
a material using Focal m-Shaper
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RS — radiation source; PVD — power varying device; BS — beam splitter;
D1, D2 — detectors; L1, L2 — lens

Experimental setup

Calculation of the nonlinear absorption coefficient by Z-scan with an open aperture

Nonlinear
absorption
coefficient,

cm-GW-1

Total pulse

Inbut fluence Threshold input Linear
Working substance of the limiter energy, P 5 fluence, absorption
Jiecm . e 4
nd Jicm coefficient, cm

SWCNT-COOH+PcHH in H,O 330 3,04 0,15 1,59 82,22
SWCNT-COOH in DMFA 375 3,97 0,08 1,00 60,86
SWCNT-COOH+PcHH in DMFA 330 2,44 0,10 1,54 125,25
SWCNT-COOH in DMSO 330 2,80 0,08 0,66 44,71

SWCNT-COOH+PcHH in DMSO 330 2,55 0,13 1,76 127,43
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Dependence of the normalized transmission on
the sample displacement
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Dependence of the past energy on the falling energy
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Conclusion

1.  An analytical solution is obtained for the nonlinear radiation transport equation for the threshold
dependence of the absorption coefficient on the intensity of a laser beam that has a flat-top intensity
shape.

2. The use of a threshold model makes it possible to describe more accurately the experimentally
obtained Z-scan curve with an open aperture..

3. A laser radiation limiter of this design is a passive protection device, the turn-on speed of which, in
accordance with the results obtained, is about 16 ns, which is faster than any active laser radiation
protection device.

4.In all cases, the nonlinear absorption is greater in the case of conjugates of phthalocyanines with
carbon nanotubes compared to the initial carboxylated ones. SWCNT-COOH+PcHH in DMFA and
SWCNT-COOH+PcHH in DMSO has nonlinear absorption 125 and 127 cm-GW-1and SWCNT-COOH
in DMFA and SWCNT-COOH in DMSO 60 and 44 cm- GW-L,

5. The developed dispersions are promising for the creation of nonlinear optical materials with a high
attenuation coefficient, low threshold intensity, and a high damage threshold.
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Thank you for reading the material!
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