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What does it mean high intensity?
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Architectures of High Power Lasers
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General Architecture

MOPA: Master Oscillator Power Amplifier
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High-power Architetture

MOPA + CPA (Chirped pulse amplification)
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Our future laser at INFN-LNS
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Optical path to target
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What are laser resonators (cavities)
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https://www.rp-photonics.com/laser_resonators.html
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What are laser resonators (cavities
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Q switch Allows to reach nanosecond
width pulses
laser crystal

https://www.rp-photonics.com/q_switched_lasers.html
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Q-switching

Q-switching: Electro-optic modulator (EOM)

Pockels effect
= |ndex of refraction of certain crystals is proportional to an external electric field: An o« E.

» |n these crystals birefringence can be produced by means of high voltages (typically several kV).
= Such a crystal can consequently act as a controllable wave plate and be used to change the polarization of light.

Polarizer

< =

Pockels cell

Polarizer

12



Q-switching

Q-switching: Electro-optic modulator (EOM)

Pockels effect

Index of refraction of certain crystals is proportional to an external electric field: 4n o E.

In these crystals birefringence can be produced by means of high voltages (typically several kV).
Such a crystal can consequently act as a controllable wave plate and be used to change the polarization of light.
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Mode-locking to reach ultrashort pulses

modes in random relative phase
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Mode-locking: Saturable absorber

gain
medium

saturable
absorber

Figure 1: Schematic setup of a laser which is
passively mode-locked with a saturable ab-

sorber mirror, e.g. a SESAM.

https://www.rp-photonics.com/passive_mode_locking.html
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Ti°*:Sapphire Laser o
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Oscillator
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Cavity for short pulses

Output mirror
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Recalling High-power Architetture

MOPA + CPA (Chirped pulse amplification)
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Chirped pulse amplification

CPA - chirped pulse amplification

Short light pulse The pulse is stretched,
from a laser. which reduces
its peak power.

Grating pair, Amplifier
pulse stretcher

®©Johan Jarnestad/The Royal Swedish Academy of Sciences

The pulse is compressed
and its intensity increases
dramatically.

The stretched
pulse is amplified.

Grating pair,
pulse compressor




Stretcher Architecture (Simplified)
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IIT Bombay Ultrafast laser spectroscopy online lectures: Week 6-Lecture 31 : Stretching and
compressing ultrafast laser pulses (https://www.youtube.com/watch?v=pcUE24TOm9s)



Stretcher Architecture (Simplified)
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IIT Bombay Ultrafast laser spectroscopy online lectures: Week 6-Lecture 31 : Stretching and
compressing ultrafast laser pulses (https://www.youtube.com/watch?v=pcUE24TOm9s)
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Stretcher Architecture (Simplified)
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IIT Bombay Ultrafast laser spectroscopy online lectures: Week 6-Lecture 31 : Stretching and
compressing ultrafast laser pulses (https://www.youtube.com/watch?v=pcUE24TOm9s) 23



Example of Parametric amplification and frequency conversion

Nonlinear Polarization Density

P(t) = ¢ (X(l)E(t) +xDEX(t) + xPE3 () + .. )
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