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1 .
E(r,t) = Ef dwE(r, w)e '*t + c.c.

1 .
P(r,t) = Ef dwP(r, w)e *t + c.c.

E(r,—w) = E*(r,w)

P(r,—w) = P*(r,w)
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V-D=p

1 Maxwell 5 1

B=puH
D=¢E+P
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J=20

P(r,w) = y(r,w)E(r, w)
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p2
H=E+V(q)+eE-q

An oscillatory electric field drive the * Drive the displacement of
Displacement between electron and ion the swing from equilibrium
thereby generating d = —(eq)
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N | Prize in Physics 202
obe e ysics 2023 I
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ENERGY LEVEL (5’% j:i’ *& IEE)

A LASER LIGHT

ATOM'S FIELD

NUCLEUS

To Pierre Agostini, Ferenc Krausz
and Anne L'Huillier "for
experimental methods that
generate attosecond pulses of
light for the study of electron
dynamics in matter"

© Nobel Prize Outreach. Photo: © Nobel Prize Outreach. Photo: © Nobel Prize Outreach. Photo:
Clément Morin Clément Morin Clément Morin
Pierre Agostini Ferenc Krausz Anne L'Huillier

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3
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|dler wave

Within the laser cavity, certain frequencies have
exactly the right wavelengths to resonate and form

standing waves. At intervals, the crests of the
various waves coingide and reinforce each other Ferahars
in a process called constructive interference. erahariz wave

When that occurs, the laser emits a brief pulse

that is made up of muitiple frequencies. Over China's crystal cache
time, they add up to a pattern that is called

AChinese laboratory is the only source of a valuable crystal.
David Cyranoski investigates why it won't share ts supplies.
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l Grating pair:
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Amplified plasma ‘ @ cloud
short pulse
Grating pain ® 8®
Pulse compressor :.
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History
(Part of ppt from online material by
other professors)



Pockels eftect :
1893 by F. C. Pockels (Germany)
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Elliptically polarized beam
glass, isotropy — anisotropy
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1 Kerr 20 MW

1875 by John Kerr

KU 5 R AR T RRE R

John Kerr FRS
(1824 —1907),
Scottish physicist

f\ >
v

Elliptically polarized beam

Linearly polarized beam

glass, 1sotropy — amsotropy
An oc E°
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Pumping beam

M

Linearly polarized beam

Kerr cell
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by C. V. Raman in 1928.

Nobel Prize in 1930

R TEHR B3 T iR B A1 iy

C. V. Raman
(1888-1970)

Z‘T‘f _I_Ei ?}}H I-—%h& ETJ‘ - ndian psicist

by Léon Nicolas Brillouin in 1922.

AU 6 H B i A 5 37 PR 100 e

Léon Nicolas Brillouin
(1889-1969)
French physicist


http://en.wikipedia.org/wiki/File:L%C3%A9on_Brillouin_Solvay_conference_1927.jpg

EEEEOEHI R A
(1951) V. A. Fabrikant "A method for the application of

electromagnetic radiation (ultraviolet, visible, infrared,
and radio waves)” patented in Soviet Union.

(1958) Townes Arthur L. Schawlow Infrared and
Optical Masers,” Physical Review

(1958) Gordon Gould definition of “Laser” as “Light
Amplification by Stimulated Emission of Radiation”

(1960) Schawlow Townes

U. S. Patent No. 2,929,922 The?ggge_zl\gg;man
***(1960) Theodore Maiman Invention of the first American engineer
Ruby Laser and physicist
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Franken et al., Phys. Rev. Lett. 7, 118 {191}
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E(t) = Eg ij(t _jTrep)e_int

Optical Frequency Comb

“ E(w) — EOF(w) Z 5((‘) _jwrep o woff)
J

beam splitter

beat note
detector

— frequency

Fig. 1.

'_\ Nd:YAG Nd:YLF
2 |
Diode

CrYAG

Cr:LiS(C)AF
Er:fiber
Cr:forsterite
Nd:fiber

Compression Ti:sapphire

| | | | | | |
1965 1970 1975 1980 1985 1990 1995 2000

Pulsewidths of different laser systems achieved year by year.
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Fig. 7. Hvdrogen Balmer series and fine structure of the ved line Ha, resolved by saturation

spectroscopy.

Schawlow, Hansch, ...
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Photo from the Nobel Photo from the Nobel Photo from the Nobel
Foundation archive. Foundation archive. Foundation archive.
Nicolaas Arthur Leonard Kai M. Siegbahn
Bloembergen Schawlow

Prize share: 1/2
Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 1981 was divided, one half jointly to Nicolaas
Bloembergen and Arthur Leonard Schawlow "for their contribution to the
development of laser spectroscopy" and the other half to Kai M. Siegbahn

"for his contribution to the development of high-resolution electron
spectroscopy"



Nobel Prize in Chemistry 1999

« UVNis

* Fluorescence
* IR

« Raman

Femtosecond

Photo from the Nobel
Foundation archive.

Ahmed H. Zewail

Prize share: 1/1

Optical pump  Sample

“For his studies of the transition states
of chemical reactions using

femtosecond spectroscopy"
Electron probe b
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HE. H[EvIEk  LBO, BBO, KBBF,...

China's crystal cache

A Chinese laboratory is the only source of a valuable crystal.
David Cyranoski investigates why it won't share its supplies.

PREIR #d%
1937-2018
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A dream... (Ali Javan, 1963)

Extend microwave
frequency counting
techniques into
the optical region.

beat note
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YOLUME 76, NUMDER | PHYSICAL REVIEW LETTERS | January 1996

First Phase-Coherent Frequency Measurement of Visible Radiation

H. Schnatz, B. Lippharde, ). Helmeke. F. Richle, and G. Zinner

FPhysikalizeh-Technische Bundesansialt (PTE) D-38116 Braunschweig, Germany
(Received 10 August 1995)
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Optical frequency comb
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carrier-envelope phase slips and offset frequency
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Self-referencing
frequency comb ..

R. Holzwarth et al.,
Phys. Rev. Lett 85, 2264 (2000)

D. Jones et al.,
Science 288, 635 (2000)

T.W. Hansch,
Witnessed disclosure
(March 30, 1987)

Ti:Sapphire
laser
25 fs, 625 MHz

ﬁ

7 mm KTP

SFG

‘\--
V

photonic
crystal

fiber

40 dB in 300 kHz




Microwave to Optical
(multiplier)

Optical to Microwave

(UM

3

4

m+3  FREQUENCY COMB

n+l  (multiplier or divider)

n+l N
n )
Optical

Frequency
Comb

f=rit

Optical to Optical



The Nobel Prize in Physics
2005

Photo: | . Reed Photo: Sears.P Studio Photo: F.M. Schmidt

Roy ). Glauber John L. Hall Theodor W. Hansch
Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 2005 was divided, one half awarded to
Roy ). Glauber "for his contribution to the quantum theory of
optical coherence”, the other half jointly to John L. Hall and
Theodor W. Hansch “for their contributions to the development of
laser-based precision spectroscopy, including the optical frequency
comb technigue”.
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Rkt

E>E
P > 100WI&{E oh % :

(R PR

A

Optical field ionization

Electric field strength, E, (t)

o

Intensity

LASER LIGHT

ATOM'S FIELD

©

S ©)
ELECTRON S0 °
{TUNNELING /\/\/\/\/\/\/\/\_.

NUCLEUS

b e~ acceleration and re-collision
Elt)

»—

Emission of soft X-rays with
‘\\ highest photon energy
S\ (‘cut-off’ radiation)

Photon energy Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

© Nobel Prize Outreach. Photo: © Nobel Prize Outreach. Photo: © Nobel Prize Outreach. Photo:
Clément Morin Clément Morin Clément Morin
Pierre Agostini Ferenc Krausz Anne L'Huillier



Lasers with shorter duration and larger peak power (10*°W!!!)

crystal

Ultrafast Laser
Mode lock basic

output
coupler
mirror

Chirped Amplification




Nobel Prize in Physics, 2017

Arthur Ashkin Gérard Mourou Donna Strickland

“For groundbreaking inventions in the field of laser physics”
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Laser Acceleration

ety

Hot electro
cloud

Blow-off
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Target-normal,
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Optical axis

© Nobel Prize Outreach. Photo: O Nobel Prize Outreach. Photo: © Nobel Prize

Stefan Bladh Stefan Bladh Stefan Bladh

Alain Aspect John F. Clauser Anton Zeilinger
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

“For experiments with entangled photons,
establishing the violation of Bell inequalities
and pioneering quantum information science

Nonlinear
crystal

Signal ‘
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