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Physics would be dull and life most unfulfilling if all physical phenomena
around us were linear. Fortunately, we are living”in a nonlinear world. While

linearization beautifies physics, nonlinearity provides excitement in physics.
This book is devoted to the study of nonlinear electromagnetic phenomena in

the optical region which normally occur with high-intensity laser beams.

) [Y. R. Shen, The principle of Nonlinear Optics (1984)]
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The distance oSl  — F1 B A,
traveled by lightiie== i - -
: s o) —
Seven and a half imes =~ & L The width of
around the earth  The height of Tokyo  The lengthof  The width of a virus  a water molecule
(300,000 km) Tower (300m)  plankton (0.3mm) (0.3pm) (0.3nm)
Time I I ; ;
1 second 1 millionth of 1 trillonthof 1 gquadrillionth of 1 quintiiBonth of
a second a second a second a second
| microsecond | picosecond | femtosecond 1 attosecond

1 asec = 1018 sec
c = 3 Angstrom/asec
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An electronic time scale in chemistry

F. Remacle*™ and R. D. Levine*#3

t=0.751s
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Fast detector is not fast enough these days.

The fastest electronics ~ 10 GHz ~ 0.1 ns (=10-10 sec)
Time scale of molecular vibration ~ 100 fs (= 1013 sec)
electron mo‘rion ~ 100 attosec (= 1016 sec)
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Photos taken between 1878 and 1887 by Eadweard Muybrldge (USA)
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@ The Nobel Prize in Chemistry 1999

"for his studies of the transition states of chemical reactions
using femtosecond spectroscopy”
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Ahmed H. Zewail

Egypt and USA
California Institute of
Technology (Caltech)
Pasadena, CA, USA

b. 1346

A. Zewalil, J. Phys. Chem. A 104, 5660 (2000).
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AWM RE—2)C0—(E 1 TW (=1012W).
1TW

E—2/)\D— [W]

20 mJ
 IxRILF—[I]

 JULRIE [sec]

20 fs

Cf. AR TEHGN (CESNTNDESD ~ 2 TW.

AR IS RRE (. 1015 W/cm? .
101 W/cm?

RRE [W/em®] =

1TW (=102 W) Gas jet )
E—2){D— [W] &
SCHEE [cm?]

$0.3mm
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Nova @ LLNL (1980’s)
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4ns
1TW

1 /hours
1054 nm

10-Hz TiS @ ISSP (1997)

JULRITHRILF— 0.481]
JVULRIE 22 fs
E—oth 22 TW
BDIRU 10 Hz
R 800 nm
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[T. Brabec and F. Krausz, Rev. Mod. Phys. 72, 545 (2000) &K D&Z.]
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At 1013 W/cm?, we can align some molecu

les.
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With intense laser field

(i

Polarization
of laser light

Molecules that we can align:
N,

Nuclei =—»,

(14e) (16e°)

The outermost “electron clouds” are shown with molecular structures.
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Molecular orbital a

3,4-dibromothiophene

(22€")
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BT (CAHEERL D DEFE

5 .
P = - ~ 2x10" ph / cubic wavelength
(hw)c (@ 10™ W/cm2, 1.06um]
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a b Atomic potential deformed
@ A @ Electron ®) by the laser field
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Intense laser pulse Molecular gas jet

High harmonics
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ho, =(2m+1)ha,

Spatially-resolved spectrum of high harmonics (false color)
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axwell (1831-1879)

H;ODEJ%EE‘;E\“ Goulielmakis et al. Scienc

U.
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Time (fs)

Light Electric field E,(f) (10" V/cm)

R. S. Mulliken (1896-1986)

BRI WA BE T BB DA [RIZE&EZEE& II et al. Nature (2004).




