Lasers

Requirements: N2, g2 A21
* metastable excited state mhYAYAYAY. 4
* population inversion VA mhYAYAYAY. 4
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Pump

Methods of pumping:
* Optical pumping: solid and liquid lasers
*Electrical pumping: gas and semiconductor lasers



Laser properties

Optical resonator or cavity
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Bandwidth of laser gain medium
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Laser Cavity Resonance Modes: longitudinal modes

E. energy stored in the cavity
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Laser Cavity Resonance Modes: transversal modes
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w = mode radius (radial intensity distribution)



Laser Cavity Resonance Modes: transversal modes
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CO5: N5 : He gas mixture
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: N CO
pulsed eer:Zr.g%gg 'klv(\)/ N 3 E g Vi', V: Antisymmetric
Aem: 10.6 um N i ; stretch
Symmetric
2 y e // stretch
. i _~Bend
1 SXN 10 Gum
0
v, (1388 cm™) > __
Vv, {m o) |

CO2 vibrations v, (667 cm }



Excimer / Exciplex lasers

Ex:
ArF (193 nm), KrF (248 nm), XeF (351 nm), KrCl (222 nm), XeCl (308 nm) XeBr (282 nm)
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10-50-ns pulses of 0.2 to 1 J/pulse at repetition rates of up to 1 kHz



Dye lasers

Lasing region: 320 - 1500 nm
pulsed mode: 50-100 mJ/pulse
cw mode: few W
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Tunable solid-state lasers
Ti:Al, 0,

660-1180 nm when pumped by argon laser
10 fs pulse length
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Generation of short pulses (ps-fs): Mode locking
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Generation of short pulses:Q-switching

E P, pulse power
P, =-" E, pulse energy
At pulse duration

Pockels cell: potassium dihydrogenphosphate (KH,PO,)
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Non-linear optical phenomena
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Non-linear optical phenomena

Fundamental wave

Common materials:  KH,PO,  LiNbO, p-BaB,O, N W
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The neodymium -YAG laser

NdE | Y3A15_012 = yttrium aluminium garnet

Ground configuration of Nd® 4104/35¢25)°

41, 4F terms are involved in lasing.
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Doppler-Free Multiphoton Spectroscopy
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Doppler-Free two photon Spectrosconyv
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Doppler-Free Two photon Spectroscopy

Absorption profile a: alw) x ANC P2
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Applications: rotational structure of UV spectrum of benzene
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Ultrashort Pulse Spectroscopy

Short pulses 10 fs:
estudies of molecular vibrations (ps)
sultrafast chemical rections (10-11-1013 s)

Photodissociation : ABC+ /fiv — [ABC|* — A+ BC,

Pump (A1)-probe (1.2) technique
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Pump-Probe Setup

Ad=3mm  At=Ad/c=10ps



Ultrashort Pulse Spectroscopy: ionization of the Na,
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