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What are we going to talk about:
BEC and Nonlinear Atom Optics

E. A. Cornell

1961-

JILA and 

NIST

Boulder, Co,

USA

W. Ketterle

1957-

MIT,

Cambridge.M

a USA

C. E. Wieman 

1951-

JILA and UC,

Boulder, Co,

USA

Nobel Prize WinnersNobel Prize Winners

PlanPlan

1. Facts about BEC

2. Atom cooling

3. Atom trapping

4. Condensates and diagnostics

5. Coherence and excitations

6. Nonlinear Atom Optics

7. Lattices

8. Feshbach Resonance

9. Solitons and Vorteces

10. Spinor condensates

11. Tons more …
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• 1925 Theory of condensation

• 1938 Superfluid helium discovery

• 1941 Landau theory 

• 1980 Cooling – breaking mK limit

• 1995 BEC in neutral gas observed
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Some historySome history

Some characteristicsSome characteristics
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Lost identityLost identity

BEC BEC –– methastable statemethastable state
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1. 1. Doppler coolingDoppler cooling

2. 2. Sisyphus coolingSisyphus cooling

3. Whatever else cooling3. Whatever else cooling

3. 3. Evaporative cooling !!!!Evaporative cooling !!!!

Cooling of Neutral AtomsCooling of Neutral Atoms

Doppler coolingDoppler cooling
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Sisyphus coolingSisyphus cooling
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Evaporative coolingEvaporative cooling

Evaporative collingEvaporative colling

Optical ScalpelOptical Scalpel
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MagnetoMagneto--optical trap optical trap 

T.O.PT.O.P
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Condenssate at lastCondenssate at last

JILA,COLORADO‘95
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Free expansionFree expansion

(W.Ketterle)(W.Ketterle)

InterferenceInterference

(W.Keterle, Science 1997)(W.Keterle, Science 1997)
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ExcitationsExcitations

(C.E. Wieman, E.A. Cornell ‘96)(C.E. Wieman, E.A. Cornell ‘96)

GaleryGalery
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Condensate SplittingCondensate Splitting

(W.D. Philips, 1999)(W.D. Philips, 1999)
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Nonlinear Optics versus BECNonlinear Optics versus BEC
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(W.D. Phillips, 

Nature, 1999)

Four Wave MixingFour Wave Mixing

Atomic AmplifierAtomic Amplifier
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Ketterle (Nature, 1999)

AmplifierAmplifier

Supperradiant Rayleigh scattering

(W. Ketterle, 

Science 1999)
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Connections to other fields

E. J. Yarmchuk, M. J. V. Gordon, 

R. E. Packard

Phys. Rev. Lett. 43, 214 (1979)

Superfluid 4He,

rotating bucket:

Type-II superconductors

Bell Labs

Dilute gas BEC

JILA

MIT

ENS

Oxford

Quantum Hall Systems

Ω

(W. Ketterle, Science 2001)

VotexVotex
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J. Dalibard,  2001

How to observe vortexHow to observe vortex

(Phillips, Science 1999)

SolitonsSolitons
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(E.A. Cornell, C.E. Wieman, Nature 2001)

Bose NovaBose Nova

Sympathetic coolingSympathetic cooling

(E.A. Cornell, C.E. Wieman 1997)
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Eric Cornell received the 2001 Nobel Prize in 

Physics for his currently a JILA Fellow, a staff 

member at NIST (Boulder), and Adjoint Professor in 

the Physics Department at the University of 

Colorado at Boulder

Cornell was co-leader of the research team that was the first to observe a Bosse-

Einstein condensate of magnetically trapped atoms in June, 1995. This team has, 

since then, significantly contributed to the understanding of the geometric, 

thermodynamic, and mechanical properties of cold-atom Bose-Einstein 

condensates. Cornell recived his BS degree from Stanford University and, in 1990, 

his Ph.D from MIT Past awards include the Stratton Award (1995), the Carl Zeiss 

Award (1996), the Fritz London Prize(1996), the LI Rabi Prize (1997), and the 

King Faisal International Prize (1997)

Eric CornellEric Cornell
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Wolfgang Ketterle received the 2001 Nobel Prize for Physics for 

his contributions to the understanding of Bose-Einstein 

condensates. Since 1995, Ketterle and his group have developed 

novel techniques for probing condensates such as non-destructive 

imaging and optical trapping; have pioneered methods for better 

condensate confinement; and have studied important BEC topics 

such as condensate formation and manipulation.

Ketterle received his diploma thesis from the Technical Univ. of Munich in 1982, 

working  on theoretical solid-state physics. Under the direction of Professor 

Herbert Walther at the University of Munich, he received his PhD in 1986, 

studying experimental molecular  spectroscopy. His postdoctoral work included 

laser spectroscopy of molecules at the Max-Planck Institute for Quantum Optics 

in and Combustion diagnostics in Geidelberg. In 1990, he joined Professor David 

Pritchard's group in RLE as a postdoctoral associate. Ketterle was appointed to 

the MIT faculty in the Department of Physics as an assistant professor in 1993, 

and his promotion to full professor was recently announced.

Wolfgang KetterleWolfgang Ketterle

Carl Wieman received the 2001 Nobel Prize in 

Physics for his work on cold-atom Bose-Einstein 

condensation. Wieman is currently Professor of 

Physics at the University of Colorado aswell as a 

JILA Fellow. 

Wieman's research has involved the use of lasers and atoms to explore fundamental 

problems in physics. His group has carried out a variety of precise laser-

spectroscopy measurements including the most accurate measurements of parity 

nonconservation in atoms. He also has investigate the physics of ultracold atoms. 

In collaboration with Eric Cornell, Wieman developed the cooling techniques that 

allowed them to create the first Bose-Einstein condensate in an atomic vapor. Much 

of Wieman's recent research has involved the study of condensate properties and 

improved ways to create and study condensates. He also continues to investigate 

novel techniques for improved optical trapping and cooling of atoms.

Carl WiemanCarl Wieman


