
Feshbach resonance in sodium Bose-Einstein condensate (1998 MIT)

Strong inelastic loss



Radiative Feshbach resonances in Cesium
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Universal behavior in the threshold regime

What is scattering length?
Why does molecular state approach continuum non-linearly?
Many more questions…



Feshbach resonances in cold atom collisions

Reference: Cheng Chin, Rudolf Grimm, Paul Julienne, Eite Tiesinga, RMP  (2012)



Simple picture: Feshbach resonance occurs when a bound state in the closed 
channel matches the scattering state.   

Physics picture of Feshbach resonance

CC, Grimm, Tiesinga, Julienne, RMP (2010)



s-wave scattering phase shift

Wavelength λ = 2π/k

Noninteracting
atoms

R 

R = 0

Interacting
atoms

Phase
shift



Scattering channels and Feshbach resonance

atomic separation
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An extreme case: 6Li with abg =-1700 Bohr
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1. Box model with r0~rvdw simulates 
molecular potential

2. Closed channel supports a bound 
state at Ec near the continuum.

Parameterization
Open channel depth Vo determines abg
Closed channel depth Vc determines  Ec
Feshbach Coupling is Γ.

Simple two-channel model for Feshbach resonance
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A tunable Bose gas (98~01)

Feshbach resonance in Na 
Ketterle group, 1997

Inelastic
collision

rate

Interaction
strength

magnetic field (G)

BEC implosion 
and explosion   
(bosenova)
Wieman group, 2001

Feshbach 
resonances are 

found in all 
alkali species

Bright Soliton 
Hulet group, 2001
Salomon group, 2001



Experiments on Fermionic condensates
near a Feshbach resonance (02~05)

Hydrohynamic
expansion
(Duke, ENS)

(BEC of Fermion pairs)
(Innsbruck, JILA, Rice, MIT, ENS)

Band insulator
(ETH, Florence)



data
from
NIST
group

Feshbach resonance: gateway to cold molecules (2003) 



Observation of ultracold Feshbach molecules

240 µm

dB/dz=31.3 G/cm 31.3 G/cm 50.3 G/cm

Atomic Cs BEC
60,000 atoms
µ=0.755 µB

3,000 (10%)
Cs2 molecules
µ=0.95 µB
1.8 nK

J. Herbig et al., Science ‘03. Also see C. Regal et al., Nature ‘03 on K2
S. Durr et al., PRL ’03 on Rb2, K. Xu et al., PRL ‘03 on Na2, S. Jochim et al., PRL ’03 on Li2

µB´

mg

µB´

2mg



Map of Cs2 molecular city 

M. Mark et al., PRA 2007



Chin et al., PRL 2005

New development of Feshbach resonances



40000 40K87Rb molecules
v=0, J=0, single spin level
200 to 800 nK
Density ≈ 1012 cm-3

KRb

1. Prepare mixed atomic gas
1

2. Magneto-association to
Feshbach molecule

2

3. Optically switch to 
v=0 ground state

3



Summary of Feshbach resonances

Tools to control atomic interactions
B field tunability: simulating condensed matter, nuclear physics, 

Many-body applications: Solitons, BEC-BCS crossover, Hubbard model…

Pairing atoms into molecules: Feshbach molecules, Efimov trimers

Toward quantum manipulation: Coherent control of entangelment

New ideas
Test of fundamental constant variation

Bose fireworks, synthetic gauge field, quantum entanglement…

Thank you.
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