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Freezing Time: Six Millennia of History-to the Femtosecond




The decisive moments

lrllt in Chemistry for being the first to

reveal the decisive moments of a chemi

=l bt @

reaction ~ the moments when chemical e

RS » . inthe life of molecules
Zewail’s rechnique uses what can be

thought of as the world’s fastest camera : : .
The “shutter speed” of such a camera must 3 . A chemical reaction - up hill and down dale

be extremely high since molecules are very
small {about 10-* m) and move extremely
rapidly (1 000 m/s). To obtain a sharp “im:
of the molecules in the course of a chemical
reaction requires a femtosecond (10 15¢
shutter speed.

1 ms 1 millisecond = 0,001 5= 10"
1jis 1 microsecond = 0.000 001 = 107" s
1ns 1 nancsecond =0.000 000 001 5= 107"
1ps 1 picosscond = 0.000 000 000 001 5= 10-" 5
tf 1 femtosecond = 0.000 000 000 000 001 5 = 10
in one second Hght travels fiom the earth to the moon.
while in one femtosecond it travels a fraction of 2 human
hair's-breadth
We need to knaw
the properties of the transition
state if we are to understand,
jpredict and perhaps modify the
course ol a reaction. For almosta
hundred years the transition state
remained a hypothetical species
that few chemists believed could
ever be observed. But this
is precisely what Zewail
has succoeded
in <doing,

The experiment gives no direct image of the
molecules. instead, the reacting molecules are
“The fastest camera in the world”™ g " + observed by measuring certain characteristic
records what happens in a chemical ; 7R Molecular F=ts properties, .. an optical property
reaction by initiating the reaction with % | beam m | (a spectrum is obtained) of by
a femtosecond laser pulse (start pulse). & . = recording the molecular
A short time later a second pulse {observation 3 masses (mass spectrometry).
pulse) takes a “picture” of the reacting molecules.

s (===
By successively delaying the observation pulse in - , -
relation to the start pulse a “film” is obtained of = 5 [
the course of the reaction. The previously Start pulse Observation
predicted but oh so ephemeral transition " , )
state can be identified - -~ 2 :“ ™
and characterised. g A

Zewail - King of Femtoland i ki shok s o TPy i, B 4 il
array of lavers. mirrors, lenses, privm, molecular beams,
detection equipment and more.
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R (3.9fs)

s (100TW)
RAERE 1020W/cm? 3.5 X 10 W/cm?
ot Ik 10%2par 1bar
IR & 1021g g
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1. Fs Laser-Induced Fission

A petawatt laser beam ( 102°°W/cm?) strikes a gold foil results in
(1) the highest energy electrons ( up to 100MeV)
(2) the first laser-induced fission
(3) the first creation of antimatter (positrons) using light



2~ Fast Ignition Concept of ICF

( ICF --- Inertial confinement fusion)

Atmosphere
Formation

Laser or particle
beams rapldly heat
the surface of the

fusion target forming
a surrounding
plasma envelope

Ignition

Compression
At the moment of

Fuel Is compressed by maximum compression a
rocket-like biowoff of short (1-10 ps) high
the surface material intensity (1012 w/icm?)
pulse ignites the capsule

Laser Energy mmjp

inward transported
thermal energy ”

Burn

Thermonuclear
burn spreads rapidly
through the
compressed fuel,
ylelding many
times the driver
input energy



Interaction area

ablation waveguides, couplers,
microexplosion, refractive index gratings, photonic crystals,
densification, change holes, channels, voids,

compaction, l > Date storage
Polymerization
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Nano bull

T1:S 780nm, 150fs, 76 MHz

1.4ANA microscopic

SCR500 resin ( JSR, Japan )
+ urethane acrylate

resolution 120nm

Bull size: 10um X7um



820nm,19mW
3pN
k = 8.2nN/m
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articles

Attosecond metrology

M. Hentschel*f, R. Kienberger~{, Ch. Spielmann*, G. A. Reider*, N. Milosevic*, T. Brabec*, P. Corkum, U. Heinzmann§, M. Drescher$
& F. Krausz*

* Institut fiir Photonik, Technische Universitit Wien, Gusshausstr. 27, A-1040 Wien, Austria
¥ Steacie Institute of Molecular Sciences, NRC Canada, Ottawa, Canada KIA OR6

§ Fakultdt fiir Physik, Universitit Bielefeld, D-33615 Bielefeld, Germany

't These authors contributed equally to this work

The generation of ultrashort pulses is a key to exploring the dynamic behaviour of matter on ever-shorter timescales. Recent
developments have pushed the duration of laser pulses close to its natural limit—the wave cycle, which lasts somewhat longer
than one femtosecond (1 fs = 10'° s) in the visible spectral range. Time-resolved measurements with these pulses are able to trace
dynamics of molecular structure, but fail to capture electronic processes occurring on an attosecond (1 as = 107 '%s) timescale.
Here we trace electronic dynamics with a time resolution of = 150 as by using a subfemtosecond soft-X-ray pulse and a few-cycle
visible light pulse. Our measurement indicates an attosecond response of the atomic system, a soft-X-ray pulse duration of
650 = 150 as and an attosecond synchronism of the soft-X-ray pulse with the light field. The demonstrated experimental tools and
techniques open the door to attosecond spectroscopy of bound electrons.

NATURE | VOL 414 | 29 NOVEMBER 2001 |
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