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Laser invention: More than sixty
years ago
16 May 1960 —Theodore
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http://upload.wikimedia.org/wikipedia/commons/1/1f/Laser.svg
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Albert Einstein
(1879-1955)
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uBAGKdClasA Inversion of population: n, >> n, through pumping.

% * Stimulated emission: The emitted photon has the
N same phase, polarization, and direction as the incident
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Media:

* Solid

* Liquid

¢ Gas

* Plasma

* Free electron

laser (FEL)
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Vacuum Polansstion
Tilru Retutivistie Optics
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Relativistic Optics
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Bound electrons
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Irradiance of the Sun on the Earth surface: ~ 0.136 W/cm?
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wBAeacasa Laseres intensos en industria y medicina
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* Almacenamiento de datos

* Manufacturacion de stents
quirdrgicos, cilindros
micrometrizados de metal elongado
que ensanchan y refuerzan los vasos
sanguineos, tracto urinario, etc.
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Heated smn —

para tratamiento de miopia y

* Procedimientos de cirugia refractiva : /
astigmatismo

Ju’tx’;m\“‘a’ ‘@ CHIRP PULSE AMPLIFICATION

L a [ = Optical fiber: n(1) streches the

m pulse lowering its intensity. . >

coNicsr Then the pulse is amplified : nj ->mJ
¥~ again without damaging the

material and then it is
compressed increasing the
instensity.

CPA - chirped puls
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Eyolution (cont.)

LASER PULSES

duration

mode locking

femtosecond barrier

las
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\  (Hentschel, M. etal.

\ Nature 414, 509 (2001))
\

250as

(Kienberge\, R.
et al Nature 427,
817 (2004)) @

80 as
(Goulielmakis, E. etal.
Science 320, 1614 (2008))

\
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(Sansone, G. et al. .\
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(LiJ, etal. Nat
Commun, 8, | (2017))
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Long laser

E(t) = E, cos(awt)

Short laser pulse

i) E(t) = E,sin®(xt / ) - cos(et + pce )
L double-peaked single-peaked
=] i el
ks 3 k
] N -
. B
time 3
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Parametros relevantes del laser: Eg, ® , T, 9
Attosecond oscilloscope: XUV + IR
resolution ~ 100 as
E. Goulielmakis et al, Science 305, 1267 (2004)
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High-order Harmonic Generation (Three-Step Model)
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