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F + —FJ\)L A IEIE(CPA) 1985%

CPA - chirped pulse amplification The pulse is compressed

and its intensity increases
dramatically.

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

i

Grating pair, Amplifier Grating pair,
pulse stretcher v pulse compressor

Strickland and Mourou, Opt. Commun. 56,219 (1985)
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Several methods were
developed for emitting
extremely powerful short
laser pulses, but then
1024 development stopped - it

Focused intensity (W/cm2)

the light pulses further
without damaging the
amplifying material.

was not possible to amplify

Extreme Light Infrastructure (ELI)
Is @ European project with three
sites that will be completedin a
few years.

P
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The world’s first functioning
. laser was built by the American
10‘0-I ______ physicist Theodore Maiman.
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High-harmonic generation
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more details at Advanced Laser and Photon Science on May 27, 2020
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Nonlinear optical effect W
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High-harmonic generation (HHG)

discovered in 1987

Intense femtosecond High-order short-
laser pulse wavelength pulse
BE T T A N B RDFTREN
L—H5—/ULX (BREHR)

ﬂ/\/\A/\Wg R e —— ': — A,Wr

HAZTwY b
gas jet

Highly nonlinear optical process in which the frequency of laser light is converted
into its integer multiples. Harmonics of very high orders are generated.

#HT U WRIGEEAN - BT w O RRHRE U TEB NS,
New extreme ultraviolet (XUV) and soft X-ray source
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Plateau (72 k—) - remarkable feature
of high-harmonic generation

YVahIstrom et al,, Phys Rev A 48, 4709 (I993)
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SREFARREREDAN=_X LA = 3 step model
Mechanism of HHG = 3 step model

X TN EE K (JEE BT
perturbative HHG(non-perturbative)
BB ionization Laser field
L —t—E5

“recombination
I
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virtual state

R [RA8E A P B
i | F ¢t photon emissioh (HHG)
hoo 3hw
T ground state electron & —
ho| | B R BE k> X DN BlaPnssn
2= )
tunneling ionization Semiclassical
electron motion
3-step model
° oo Paul B. Corkum, Phys. Rev. Lett. 71, 1994 (1993)
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SRERBREEDAN=XLr = 3 step model
Mechanism of HHG = 3 step model
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BREBRRREDIATYTETIV. A
3-step model of HHG iy

Paul B. Corkum, Phys. Rev. Lett. 71, 1994 (1993)
K. C. Kulander, K. J. Schafer, and J. L. Krause, in Super-Intense Laser-Atom Physics, NATO ASI, Ser. B, 316, 95 (1993)
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3-step model of HHG

Simple explanation of the cutoff law
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. T
H g . . .
\y_ 02 | which is classically allowed.
=
ionization recombination -1
o

- B, = I, + 3.170,

-3

)

=

S 3L/

o %

c i

©

c EFo it T =2

— E C O o c

R E £

S 1

© 5

Q

Luo | I‘\||| T NN A N N I T O T N O T A B
0 90 180 270 360

Phase (degrees)

There are two pairs of ionization and
recombination times which contribute to Short and Iong trajectories
the same harmonic energy.

0 e

n m more details in Advanced Laser and Photon Science 13



http://ishiken.free.fr/english/lecture.html
This lecture is recorded for possible on-demand streaming.

Quantum Beam Engineering (Kenichi ISHIKAWA) for internal use only (Univ. of Tokyo)

Even up to 1.6 keV, > 5000 orders
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Popmintchev et al., Science 336, 1287 (2012)

a new type of laser-based radiation source
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HHG Is suppressed when neutral atoms are depleted

density of neutral Ar atoms
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POLARIZATION GATING (PG)

HHG Is suppressed when circular polarization Is used

counter-rotating circularly polarized pulses with a delay Sansone et al, Science
— Circularly — Linearly 314,443 (2006)
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GENERALIZED DOUBLE
OPTICAL GATING (GDOG)

Elliptical instead of circular polarization

C

Laser field |

HHG bursts |AP generation from a
> 20 1s pulse without
need of carrier-
envelope stabilization
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Gilbertson et al, PRA 81,043810 (2010)
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Takahashi et al, PRL 104, 233901 (2010 |
Sl L (019 iahashi et al, Nat. Communt 4IRS

High-energy (1.3 micro J), high-power (2.6 GW) |IAP

more than |00 times more energetic than previously reported
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Quest for higher photon energy
(shorter wavelength)

cutoff T =l 4= ST,

62E(Q) [ —14 254D
— OISV s (i)

Amw? /

Longer fundamental wavelength is advantageous

eV )=

Optical parametric chirped-pulse amplification
(OPCIpAY
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DOW HHG

spectral range between the K-absorption edges of C (284 €V) and O (543 €V)
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» absorbed by biological samples but not by water
» attractive for high-contrast biological imaging
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keV HHG

Even up to 1.6 keV, > 5000 orders
almost x-ray!
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Popmintchev et al., Science 336, 1287 (2012)

a new type of laser-based radiation source
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Sllamarize the Physics Nobel Prize Z@iis
including,

* Who won 1t for what.

* [ts significance

* Applications

* Your own opinion on It
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