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Nobel laureates of the laboratory

1966 1986 2012



The early days (1950-1965)

1951: Foundation of the laboratory at ENS
Laboratoire de Spectroscopie Hertzienne de l’Ecole Normale Supérieure

Laboratoire Kastler- Brossel in 1994

Alfred Kastler
1902 - 1984

Jean Brossel
1918 - 2003



The double resonance
Optical and hertzian

Jean Brossel
PhD 1951

Paris

Magnetic resonance between Zeeman sublevels of an optically excited state of Hg atoms

The early days



Optical pumping

Orientation of spins of atoms in the ground state

Later for atomic gases in glass cells (with buffer gas or coating the cell walls) 

Principle:
Alfred Kastler 
(1950)

First expriment:
Jean Brossel +
Jacques Winter
(1952)Atomic beam of Na illumated by circularly polarized light

Selection rules: only atoms in m=+1/2 are absorbed



Multiple-quantum transitions

Magnetic resonance
with increasing

radio-frequency field

Brossel
Cagnac
Kastler 
1954

Claude Cohen-Tannoudji
Serge Haroche

Na
Hg

Field revisited with attosecond generation (Nobel prize 2023)

The early days

Bernard Cagnac



Irradiation by non resonant light circularly polarized
Frequency displacement of Zeeman sublevels

Claude Cohen-Tannoudji
PhD 1960

Further development: the « dressed atom »        Serge Haroche PhD 1971 



New groups at several universities in France
Close collaboration with the ENS lab

Spreading of PhD students

The early days



Jean Margerie

1963

1965

Jury: Kastler Jacquinot Brossel Friedel



The (very) early days

1950

Kastler predicts the « effet lumino-frigorifique »



The atomic clock

Implication of the ENS lab in the atomic clock development

Alfred Kastler 
President of the Atomic Clock Laboratory
1958 and on 

Christophe Salomon
Contribution to the Atomic Fountain Clocks
at Paris Observatory

PI of the Pharao Clock on the ISS

Now in orbit since april 2025
Relative accuracy of atomic clocks



Nobel Prize of Alfred Kastler

Alain Omont

Jean Brossel

Serge HarocheClaude Cohen-Tannoudji

Franck Laloë

1966
Discovery and development of optical methods for studying hertzian resonances in atoms





Laser time

The first gas laser at ENS

Helium-Neon
laser 

1964

Built by Bernard Decomps

With Michel Dumont

Elisabeth
Giacobino



Optical pumping in semiconductors

Polarization
for 
itinerant
electrons

Spin relaxation slow

Claude Weisbuch

Claudine Hermann and Georges Lampel

1970 and on

Connections with laboratories
at ENS (Paris) and CEA (Saclay)

Ionel Solomon Ecole polytechnique

Generation of polarized electron beams
Analogy wih Brossel’s double resonance



More space: new research groups 

1967

Lab expansion to Jussieu
« Halle aux Vins »

The lab survives…  

May 68
Quantum optics

Claude Fabre and Elisabeth Giacobino

Molecular spectroscopy
High precision measurements



Doppler-free spectroscopy

High precision metrology in Jussieu

Two-photon spectroscopy of Hydrogen atom
Rydberg constant improved accuracy

1973



Quantum optics

Generation of quantum correlated twin beams by parametric down conversion

Intensity fluctuations perfectly correlated at the quantum levels

  021  NN

At low level: correlated photons 

Serge Reynaud

Predictions



Quantum optics

Generation of squeezed state of light

Squeezing with cold atoms

Squeezing by optomechanics

Lambrecht A., Coudreau T., Steinberg A. M., Giacobino E., Europhys. Lett. 36, 93(1996)

Photon reduction noise below shot noise

Antoine Heidman

Optomechanics

Coupling between
mechanical motion and light 
through radiation  pressure 

Control of
mirror motion



Parity Violation in Atomic Physics

Marie-Anne Bouchiat
prediction

Claude Bouchiat
1972 -

A new force between the valence electron and the atomic nucleus
Due to exchange of the neutral boson Z0

Later seen at CERN at high energy in collisions proton- antiproton

Chirality of interaction between light and atom.
Symmetry breaking in the absorption of light

The ENS experiment pionered the field
and reached an impressive sensitivity



Nuclear polarization of He3

Optical pumping
via metastable state

Field revisited with ultracold fermions by Eric Cornell (2002)-
spontaneous segregation of spins

NMR of inhaled He3 gas
Collaboration with Ernst Otten



Atoms in cavity

The groups started by Serge Haroche in 1973

Michel Gross 

Jean Michel Raymond joined in1977 Michel Brune



With a « simple » experimental set-up

Atoms in cavity

A long lasting quest…

On the way to QND experiments

A blossom of results

From the begining

Rydberg atoms microwave spectroscopy

Near Infra-red superradience

Squeezing in a Rydberg atom maser

Spontaneous emission enhanced

The two-photon micromaser

Quantum jumps of light

and to the Nobel Prize 2012



“for ground-breaking experimental methods that enable measuring 
and manipulation of individual quantum systems”

Physics Nobel Prize

2012



Cold atoms

Stopping atoms with laser light 

First experiment at NIST

Jean Dalibard postdoc

In Bill Phllips Lab

An atomic beam is decelerated by a counterpropating laser beam

In a variable magnetic field (Zeeman slower) 

Doppler and Zeeman effects compensate along the atomic path

1985



Cold atoms

Prediction of the Sisyphus effect 1985

A two-level atom in a standing wave



Cold atoms

Observation of the Sisyphus effect

1987

Xx, A. Aspect, C.Cohen-Tannoudji, N. Vantenkiste, 
R.Kaiser, J.Dalibard, H.Metcalf, C. Salomon

Cooling laser beam off

Cooling beam on
(positive detuning)

Cooling beam on
(negative detuning)

1986



Cold atoms



Cold atoms

PRL 86, April 2001 

Franck Pereira Dos Santos

The unique case of a BEC with atoms in an excited state



Cold atoms

1986The Nobel prize

Weekly seminar of 
the cold atom group at ENS



The directors of LKB



QuanTip network for quantum technologies in the Paris area

Thanks for sponsoring
the colloquium

Postdocs
PhDs
Visitors
WELCOME
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60 permanent researchers, 100 PhDs and Posdocs, 25 administrative staff + technical team

LKB today


