L

Center for the Advancement of Natural Discoveries

' E using Light Emission

TIME-LENS INDUCTION, SIMILARITON- AND SOLITON- SHAPING TYPE
PROCESSES FOR FEMTOSECOND LASER PULSE
MANIPULATION AND CHARACTERIZATION

Hrach Toneyan

Thesis to take a candidate degree in physics and mathematics

Scientific advisor:

Prof. L. Mouradian



Center for the Advancement of Natural Discoveries

Ja ' E using Light Emission

http:f!www.-'psu.am

Goals of the thesis

e Study of SC and ST/ with use of high-tech materials aimed at
development of commercial prototype

* Study of soliton-type processes for signal manipulation,
particularly, experimental implementation of spectral analogue of pulse self-
compression

* Study of spectrons and similaritons for fs pulse

characterization, to develop techniques of fs pulse duration and phase
measurements
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Overview of the topic

Problems of ultrafast optics

* Ultrashort signal generation
* Signal manipulation

* Signal delivery

* Signal characterization
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LITERATURE REVIEW AND OVERVIEW OF THESIS
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SPECTRAL COMPRESSION

OF FEMTOSECOND LASER RADIATION
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All-fiber technique of SC
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Similaritonic technique of SC
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Prototype of STI device
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All-fiber similaritonic technique of SC
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Summary of chapter Il

* 12x, 8.4x and 23.3x SC is obtained by classic, all-fiber and
similaritonic techniques respectively

e Studies of STl resulted in the commercial prototype
demonstration

e STl and similaritonic technique of SC is demonstrated in all-fiber
setup
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SPECTRAL SELF-COMPRESSION

OF FEMTOSECOND RADIATION
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Analytical discussion of Self-SC

GVD: Alw,z)=A(w,0) exp[-ie’(z/L5)/2]
LD = (ﬂZAwg)_l

SPM: A(t, z) = A(t,0)exp[in, 3, | A(t,0) z]~

~ Ay (t)exp(iz/Ly,) eXp[_it2 (z/L)]
LNL = [:Bonz | A(O’O) |2]_1

L. < L, soliton effect compression

L, > Ly self-spectral compression
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Self-SC in HCF
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dependence of spectral width and AC duration from coupled power



Self-SC of a supercontinuum in an SMF

pulse generation
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Self-SC of a randomly modulated pulse
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Summary of chapter Il

* Demonstration of the self-SC in an HCF with 30% spectral
narrowing

e 4.1x self-SC of part of supercontinuum radiation in an SMF

 Demonstration of self-SC of randomly modulated pulses
done by numerical modelling

18



, Center for the Advancement of Natural Discoveries
using Light Emission

Chapter |V

MEASUREMENT OF FEMTOSECOND PULSE
DURATION AND PHASE USING
SIMILARITONS AND SPECTRONS
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Duration measurement similaritonic technique
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Shaping of spectron
from three-peak pulses
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Phase of spectron shaped from
two-peak pulse with initial SPM
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Summary of chapter IV

* Femtosecond laser pulse duration measurement technique
is demonstrated for Gaussian, two-peak and compressed
pulses numerically and experimentally

* The transfer of phase information from spectral to
temporal domain in the process of spectron pulse shaping
is demonstrated numerically
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Conclusion

 12x, 8.4x and 23.3x SC is obtained by classic, all-fiber and similaritonic
techniques respectively

e Studies of STl resulted in the commercial prototype demonstration

e STl and similaritonic technique of SC is demonstrated in all-fiber setup

e Self-SC in an HCF with 30% spectral narrowing is demonstrated

e 4.1x self-SC of part of supercontinuum radiation in an SMF is
demonstrated

e Self-SC of randomly modulated pulses is demonstrated numerically

 Femtosecond laser pulse duration measurement technique is
demonstrated for Gaussian, two-peak and compressed pulses
numerically and experimentally

* The transfer of phase information from spectral to temporal domain in

the process of spectron pulse shaping is demonstrated numerically
24
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