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Ashkin, Arthur A.

Born: 2 September 1922, New York, NY, USA
Affiliation at the time of the award:

Bell Laboratories, Holmdel, NJ, USA

Education
1947 - BS, Columbia University, New York
1952 - PhD, Cornell University, Ithaca (N.Y.).

Major Positions
1942 — 1946: Staff Member, Massachusetts Insititute of Technology (MIT)

Radiation Laboratory, Columbia University Satellite
1952-1963: Member, Technical Staff, Bell Telephone Laboratories, Murray Hill (N.J.);
1963-1987: Head, Department of Laser Science, Bell Telephone Laboratories;
1988-1992: Member, Bell Telephone Laboratories

Major Projects
nonlinear optics, optical fibers, parametric oscillators and parametric amplifiers,

photorefraction, second harmonic generation, and non-linear optics in fibers



Awards

1984 Member, the National Academy of
Engineering.

1996 Member, National Academy of Sciences.

2004 Awarded Harvey Prize, Technion (Israel
Institute of Technology).

2009 Member, The Optical Society.

2018 Awarded Nobel Prize in Physics "for
groundbreaking inventions in the field of laser
physics...for the optical tweezers and their
application to biological systems".
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Distinguished alumni of James Madison High School include:[1]

« Cal Abrams (1924-1997, class of 1942), Major-League Baseball player.[213]
« Maury Allen (1932-2010, class of 1949), sportswriter.[?]

« Arthur Ashkin (born 1922, class of 1940), Nobel Prize winner, physics.[4]

« Julius Ashkin (1920-1982, class of 1936), Manhattan Project physicist.[®]
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A. M. Glass, “The Photorefractive Effect,”

Part 1. Fundamental Photorefractive Phenomena

Opt. Eng. 17,

NONLINEAR OPTICS

470 (1978)

G. C. Valley and M. B. Klein, “Optimal Properties of

Photorefractive Materials for Optical Data Processing,”

Opt. Eng. 22, T04 (1983)
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“Optically-Induced Refractive Index Imhomogeneities
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in LiNbO3 and LiTaO3,” Appl. Phys. Lett. 9, 72 (1966)

F.5 Chan I T TaMarchia and T B Fraser “Holneranhic
Reprinied from
APPLIED P!:I_;Y_SICS LETTERS 1 July 1966
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IN LiNbO, AND LiTaO,

We have observed an optically-induced inho-
ol mogeneity in the refractive index of crysals of
}'.Li 1itors LiNbO, (refs. | and 2), LiTaOy (ref. 1) and other
ferroelectrics. The effect, although interesting in
its own right, is highly detrimental to the optics of
nenlinear devices”™® based on these crystals.

In LiNbD; and LiTaO, the inhomogeneity is
easily produced with a focused gas laser beam of
several milliwaus in the visible with either ordinary
or extraordinary polarization, wsually within
minutes. An unfocused gas laser also produces an
inhomogeneity. A track of inhomogeneity is pro-
duced along the path of the beam principally in the
extraordinary refractive index. If the inhome-
geneity is produced by an extraordinary wave
propagating along the X (hexagonal a axis) or ¥
cﬁ'll.al axes, the beam is observed to distort pre-
dominantly along the Z axis {optic ¢ axis) as shown
in Fig. 1{a). The inhomogeneity becomes quite evi-
dent when the sample is probed or illuminated with
a light beam.

The inhomogeneity has been produced with the
5147 and 6328-p laser and with incoherent
visible or ultraviolet light but not with the 1.1526-u
or the CW 1.06-p laser. The effect is observed 10
reach an equilibrium state with time (with a spot
radius of wy = 0.03 mm and ~10 mW of .5147-
light it takes about | min) and apart from some

imitial walawatine i i eethar mareanans (daoos ae

Pochi Yeh & Claire Gu

World Scientific

OPTICALLY-INDUCED REFRACTIVE INDEX INHOMOGENEITIES

A. Ashkin, G. D. Boyd, |. M. Driedzic, R. G. Smith
A. A. Baliman, ]. |. Levinstetn, K. Nassau

Bell Telephone Laboratories, Incorporated

Murray Hill, New Jersey

(Received 20 May 1966)

smaller beam inhomogeneity could be introduced
again inside the large spot. This erasure cannot be
accomplished with 1.15-p light

Heating of the crystals 1o a temperature of
=170°C, however, causes the effect 1o relax at a
rate faster than its creation. The relaxation does
not appear 1o be caused by pyroelectric fields. An
electric field is observed to play a role. Applying a
field along the Z axis in a direction which would

A
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OPTICALLY-INDUCED REFRACTIVE INDEX INHOMOGENEITIES

IN LiNbO, AND LiTaO,

{Ferroelectric materials; nonlinear optics; E)

We have observed an optically-induced inho-
mogeneity in the refractive index of crystals of
LiNbO, (refs. | and 2), LiTaOy (ref. 1) and other
ferroelecirics. The effect, although interesting in
its own right, is highly detrimental to the optics of
nonlinear devices’™ based on these crystals.

In LiNbO, and LiTaO, the inhomogeneity is
easily produced with a focused gas laser beam of
several milliwatts in the visible with either ordinary
or extraordinary polarization, wusually within
minutes. An unfocused gas laser also produces an
inhomogeneity. A track of inhomogeneity is pro-
duced along the path of the beam principally in the
extraordinary refractive index. If the inhomo-
geneity is produced by an extraordinary wave
propagating along the X (hexagonal a axis) or ¥
crystal axes, the beam is observed to distort pre-
dominantly along the £ axis (optic ¢ axis) as shown
in Fig. 1{a). The inhomogeneity becomes quite evi-
dent when the sample is probed or illuminated with
a light beam.

The inhomogeneity has been produced with the
S147-p and 632B-p laser and with incoherent
visible or ultraviolet light but not with the 1.1526-u
or the CW 1.06-u laser. The effect is observed 1o
reach an equilibrium state with time (with a spot
radius of wy = 0.03 mm and ~10 mW of .5147-p
light |l; t.nkn abuut | min) and apart from some

ik am warthar nareanant (dauce e

A. Ashkin, G. D. Boyd, [. M. Dziedzic, R. G. Smith
A. A. Ballman, |. |. Levinstein, K. Nassau

Bell Telephone Laboratories, Incorporated
Murray Hill, Mew |ersey

(Received 20 May 1968)

smaller beam inhomogeneity could be introduced
again inside the large spot. This erasure cannot be
accomplished with 1.15-u light

Heating of the crysals to a temperature of
= | 70"C, however, causes the effect wo relax at a
rate faster than its creation. The relaxation does
not appear to be caused by pyroelectric fields. An
clectric field is observed to play a role. Applying a
field along the Z axis in a direction which would

A
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"for development of methods to cool and
trap atoms with laser light.”
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YOLUME 55, NUMBER 1 PHYSICAL REVIEW LETTERS 1 JuLY 1985

Three-Dimensional Viscous Confinement and Cooling of Atoms
by Resonance Radiation Pressure

Steven Chu, L. Hollberg, J. E. Bjorkholm, Alex Cable, and A. Ashkin
ATET Bell Laboratories, Holmdel, New Jersey 07733
(Received 23 April 1985)

We report the viscous confinement and cooling of neutral sodium atoms in three dimensions via
the radiation pressure of counlerpropagating laser beams. These atoms have a density of about
~ 10% ¢m~* and a temperature of — 240 uK corresponding 1o a rms velocity of — 60 cm/sec. This
temperature i3 approximalely the guantum limit for this alemic transition. The decay time for half
the aloms to escape a ~ 0.2-cm? confinement volume is ~ 0.1 sec.

10, R. Frisch, Z. Phys. 86, 42 (1933).

] MIRROR IA. Ashkin, Phys. Rev. Lett. 24, 156 (1970), and 25,
1321 (1970).

AR COATED UHV|  3See for example, A. Ashkin, Science 210, 1081 (1980),
) and Prog. Quantum Electron. 8, 204 (1984); for recent pro-
PUFFING AN Posals, see D. E. Pritchard, Phys. Rev. Lett. 51, 1336
589nm FILTER . BEAMS

LIGHT BAFFLES

Iz

MIRROR
LNz COOLED BAFFLE
SODIUM PELLET
e SQem
SAMPLE C—=

MANIPULATOR

FIG. 1. Schematic of the vacuum chamber and intersecting laser beams and atomic beam. The vertical confining beam is in-
dicated by the dashed circle. The “*puffing”” beam is from the pulsed YAILG laser.



VOLUME 57, NUMBER 3 PHYSICAL REVIEW LETTERS 21 JuLy 1986

Experimental Observation of Optically Trapped Atoms

Steven Chu, J. E. Bjorkholm, A. Ashkin, and A. Cable

AT&T Bell Laboratories, Holmdel, New Jersey 07733
(Received 14 April 1986)

We report the first observation of optically trapped atoms. Sodium atoms cooled below 1077 K in
“‘pptical molasses'’ are captured by a dipole-force optical trap created by a single, strongly focused,
Gaussian laser beam tuned several hundred gigahertz below the D, resonance transition. We esti-
mate that about 500 atoms are confined in a volume of about 10° um? at a density of 10''-10'
cm ™). Trap lifetimes are limited by background pressure to several seconds. The observed trap-
ping behavior is in good guantitative agreement with theoretical expectations.

We report the optical trapping of neutral atoms by
the forces of resonance-radiation pressure in a single-
beam optical trap. At the time of the first demonstra-
tion of stable optical trapping and manipulation of
small dielectric particles' it was predicted that similar
effects were possible with atoms. Since then there
have been extensive studies of the basic forces of laser
light on neutral particles and atoms.’® The trapping

1A. Ashkin, Phys. Rev. Lett. 24, 156 (1970).

(a) ()
FIG. 2. (a) Photo showing the collimating nozzle, atomic beam, and atoms confined in OM. The distance from the nozzle
to the OM region is 5 cm. (b) Photo taken after the atomic source and the slowing laser beam have been turned off, showing
trapped atoms.
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astronomy.swin.edu.au/cosmos/c/cometary-+tails

Nichols, E. F., and Hull, G. F., A preliminary communication on the pressure of heat and
y . light radiation, Phys. Rev. 13, 307 (1901); The Pressure Due to Radiation. (Second
Paper.), Phys. Rev. 17, 26 (1903)

Lebedev, P., Untersuchungen uber die Druckkrafte des Lichtes, Ann. Phys. (Leipzig) 6,
433 (1901)

www.dartmouth.edu/~pressureoflight/history/history1.html
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PHYSICAL REVIEW LETTERS

26 JaNuUARY 1970

ACCELERATION AND TRAPPING OF PARTICLES BY RADIATION PRESSURE

A. Ashkin
Bell Telephone Laboratories, Holmdel, New Jersey 07733
{(Received 3 December 196%9)

Micron-gized particles have been accelerated and trapped in stable optical potential
wells using only the force of radiation pressure from a continuous laser, It is hypothe-
sized that similar accelerations and trapping are possible with atoms and molecules us-
ing laser light tuned to specific optical transiticns. The implications for isotope sep-
aration and other applications of physical interest are discussed,

This Letter reports the first observation of ac-
celeration of freely suspended particles by the
forces of radiation pressure from cw visible la-
ser light. The experiments, performed on mi-
cron-sized particles in liguids and gas, have
yielded new insights into the nature of radiation
pressure and have led to the discovery of stable
optical potential wells in which particles were
trapped by radiation pressure alone. The ideas

spheres® of 0.59-, 1.31-, and 2.68-um diam
freely suspended in water. A TEM,,-mode beam

can be extended to atoms and molecules where
one can predict that radiation pressure from tun-
able lasers will selectively accelerate, trap, or
separate the atoms or molecules of gases be-
cause of their large effective cross sections at
specific resonances. The author’s interest in
radiation pressure from lasers stems from a
realization of the laree magenitude of the force.

of an argon laser of radius w,=6.2 pm and A
=0,5145 pm was focused horizontally through a

glass cell 120 pm thick and manipulated to focus
on single particles. See Fig. 1(a). Results were
observed with a microscope. If a beam with mil-
liwatts of power hits a 2.68-um sphere off cen-
ter, the sphere is simultaneously drawn in to the
beam axis and accelerated in the direction of the
light. It moves with a limiting velocity of mi-
crons per second until it hits the front surface of
the glass cell where it remains trapped in the
beam, If the beam is blocked, the sphere wan-
ders ofl by Brownian motion. Similar effects oc-
cur with the other sphere sizes but more power
is recuired for comparahle velocities. When




VoLUME 24, NUMBER 4 PHYSICAL REVIEW

LETTERS

26 JANUARY 1970

LIGHT

(b)

FIG. 1. (a) Geometry of glass cell, { =120 pm, for
observing micron particle motions in a focused laser
beam with a microscope M, (b) The trapping of a high-
index particle in a stable optical well. Note position
of the TEM;;-mode beam waists,

FIG. 2, A dielectric sphere situated off the axis A
of a TEMy;-mode beam and a pair of symmetric rays
a and . The forces due to a are shown for ng>n;.
The sphere moves toward +z and -,

Na-D, P=2p,
LASER
LIGHT ‘"

2po

| L]

x=£  XeXgr x=0 (a)

/
s maﬁ!’im._ "': —
P ﬁ

(b)

FIG. 3. {a) Schematic optical gas pump and graph of
Na pressure p{x). (b) Geometry of gas confinement
about point P of a plane surface.



0SA Publishing > Optics Letters > Volume 11 > Issue 5 = Page 288

.
Optics Letters

Observation of a single-beam gradient force
optical trap for dielectric particles

: o . OSA 1CO -
A. Ashkin, J. M. Dziedzic, |. E. Bjorkholm, and Steven Chu T :
We report the first experimental observation to our LA AShk:m’ Phys. Rev. Lett. 40, 729 (1978).
Knowl ! - . ey 2. A. Ashkin, Science 210, 1081 (1980): V. S. Letokhov and
owledge of a single-beam gradient force radiation V. G. Minogin, Phys. Rep. 73, 1 (1981). - LASER BEAM

pressure particle trap.! With such traps dielectric 3 A AshkinandJ. P. G

w - - . - * + Q0 d ] O t. L . Ay
particles in the size range from 10 yum down to~25nm 4. A, Ashkin and J. M, Dzrie{;}izig, E‘-‘hy;tliei ?:té_l
were stabliy tral:fpe?i in water solution. These results (1985). e L 7

Optics Letters vol. 11, Issue 5, pp.288-290 (1986) - https://doi.org/10.1364/0L.11.000288
514.5 nm LIGHT

a)
-
M
U s
«—CELL b)
0O O

OSA = “ﬁ

The Optical Society
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Figure 1: Qualitative ray optics description of the restoring backward forece in an optical
tweezers trap, for a dielectric sphere that is located below the focus f and assumed to be large
compared with the wavelength of the light. Rays of light carry momentum and are bent by
refraction when passing the dielectric sphere. By conservation of momentum and Newton's
second [mw, the momentum change of the refracted rays results in an oppositely directed force



June 1979 / Vol 4, No.6 / OPTICS LETTERS 161

Cooling and trapping of atoms by resonance radiation pressure

A. Ashkin and J. P. Gordon
Bell Laboratories, Holmdel, New Jersey 07733
Received February 16, 1978

The combined use of trapping and cooling laser beams for optical trapping and ceoling of neutral atoms by the
forces of resonance radiation pressure is examined. Calculations show that atoms can be held in traps as deep as
10-4 eV at temperatures of ~10~3 K, close to the minimum set by quantum fluctuations. Spatial confinement of

atoms to a region a fraction of a wavelength in length should be possible.

. 162 OPTICS LETTERS / Vol. 4, No. 6 / june 1979
Recently a new method was proposed for optically

trapping and cooling neutral atoms based on resonance : WaVaVaVaN
radiation pressure forces.! The technique is potentially
useful for high-resolution spectroscopy and novel ex-
periments on a few or even possibly single atoms, The ARV VAN
: DAMPING
TRAPPING . <\ BeaMm
BEAM &
v, o) AL
1. A. Ashkin, Phys. Rev. Lett. 40, 729 (1978). /m
WAVAWAVAN

Fig. 1. Atom of mass M and velocity v, located at the equi-
librium point E of a Gaussian-beam trap with a plane-wave
damping beam. The axial location of E depends on the
magnitudes of p; and pg.
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of Neutral Particles Using Lasers

O5A Publishing > Optics and Photonics News > Volume 10 > Issue 5 > Page 41

Optical Trapping and Manipulation of Neutral
Particles Using Lasers

A. Ashkin

Author Information ~ Q Find other works by these authors ~

Optics and Photonics News vol. 10, Issue5, pp.41- (1999) - httpsJ/doi.org/10.1364/0PN.10.5.000041



44 oOptics & Photonics News / May 1999
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Figura 2. (A} Geometry of levitation trap. {B) Tweezer trap for atoms. Fgrad > Fooa BIVINE a
net backward restoring force toward E.
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A motor molecule walks inside the light trap
MonekynsapHuu momop

laser beam
sphere — kinesin molecule
7
-
<
cell skeleton —
The kinesin molecule attaches 2 Kinesin marches away along the 3 Finally, the motor molecule canno
to a small sphere held by the cell skeleton. It pulls the sphere, longer withstand the force of the
optical tweezers. making it possible to measure light trap and the sphere is forced

the kinesin's stepwise motion. back to the centre of the beam.

©Johan Jamestad/The Roval Swedish Acade mv of Sciences
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Figure 2: (Left) Sketch of the kinesin-microtubule system studied with optical tweezers in
reference [29]. An optically trapped bead carries a single kinesin molecule that walks along an
immobilized microtubule filament. (Right) Displacement versus time graph for a bead, which
shows that the kinesin molecule executes a walk, pulling the bead forward in a stepwise manner.
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Gérard Mourou, in a 1987 photograph from the Laboratory for Laser Energetics. Mourou’s work at Rochester has
helped shape the direction of research in high-powered lasers. (University of Rochester photo)
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CPA - chirped pulse amplification The pulse is compressed
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We have demnonstrated the amplification and subssguent recompression ol optcal chirped pulses. A svstem which produces
106 pm laser pulscs with pulse widths of 2 ps and energies at the millijoule level is presented.

The onset of self-focusing of intense light pulses
limits the amplification of ultra-short laser pulses.

A similar problem arises in radar because of the need
for short, yet energetic pulses, without having circuits
capable of handling the required peak powers. The so-
lution for radar transmission is to stretch the pulse

by passing it through a positively dispersive delay line
before amplifying and transmitting the pulse. The
echo is compressed 1o its original pulse shape by a
negatively dispersive delay line |1].

We wish to report here a system which transposes
the technique employed in radar to the optical regime,
and that in principle should be capable of producing
short {51 ps) pulses with energies at the Joule level.

A long pulse is deliberately produced by stretching a

pulse would be free from gain saturation effects, be-
cause the frequency varies along the pulsewidth and
each trequency component sees gain independently.
A schematic diagram of the amplifier and compres-
sion system is shown in fig. 1. A CW mode-locked,
Nd : YAG laser (Spectra-Physics Series 3000) is used
to produce 150 ps pulses at an 82 MHz repetition rate.
Five watts of average power are coupled into 1.4 km
of single-mode non-polarization-preserving optical
fiber, The fiber (Corning Experimental SME/DST™)
has a core diameter of 9 um. The average power at
the output of the fiber is 2.3 W. The pulses have a
rectangular pulseshape with a pulse width of approx-
imately 300 ps, as can be seen from the autocorrela-
tion trace in fig. 2. The bandwidth of the pulses is
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Chirped pulse amplification

Initial short pulse A pair of gratings disperses

the spectrum and stretches

A_ the pulse by a factor
- / e aane

Short-pulse oscillator

The pulse is now long l
and low power, safe
for amplification

High energy pulse after amplification n

Power amplifiers

> J L

Resulting high-energy,
ultrashort pulse

A second pair of gratings
reverses the dispersion of the
first pair, and recompresses the pulse.
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Single Cycle Pulse Compression
Pulse: History et

LASER SCIENCE APS/DLS 2018

Capillary (Svelto, Krausz et al)

mJ - 1 :
(S{TTREEU Thin Film Compressor
'C - 1PW (MOUFOU et Ef)
:ﬂ-/
w |
Fibre

v

1980 1985 1990 1995 2000 2005 2010 2015 2020

18/09/2018 18
G Mourou, S. Mironov, Single cycle thin film compressor opening the
door to Zeptosecond-Exawatt Physics ,Eur. Phys(2014)



OSA FRONTIERS IN OPTICS Chirped Pulse Amplification to ELI and

LASER SCIENCE APS/DLS g:‘r:nd talk by Gerard Mourou at FiO+LS

Petawatt Laser Provides
A 10-1000J Flat Top

PW Compressor

Front End (1,7J / 10Hz) PW Amplifier (35J / 0,1Hz) 45TW / 10Hz
1PW / 0,1Hz

ATLAS HP

SAGA HP
18/09/2018 GM Schawlow Prize 19 ok

f“
|
Ve



Zeptosecond pulses, (N. Naumova, |. Sokolov, G. Mourou)

( Simulation Results)
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