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UltraCold   Atoms: Why ?!

MAIN Motivation: MANY-BODY Quantum States!
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How three particles interact ? 

Few-Body Physics 
and … 

Ultracold Atoms 
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Efimov Effect a� rvdW

INFINITE SERIES OF GIANT WEAKLY-BOUND 
 THREE-BODY STATES FOR RESONANT PAIRWISE INTERACTION 

energy	
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V. Efimov, Phys. Lett. B 33, 563 (1970)	



Relative energy   
fixed by the Efimov scaling factor (22.7) 

a⇤�
Absolute energy   
fixed by the 3BP  

Just 2 parameters describe a 3B system  
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L3
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2Eb/3 

release of binding energy -> loss 

L3: three-body loss coefficient  [cm6/s]  

Fedichev et al., PRL 77, 2921 (1996) 

Prediction of a4 scaling 
C = 3.9 

Impact of Efimov trimers on L3 

C(a) = 4590 sinh(2η− )
sin2[s0 ln(| a | /a−

* )]+ sinh2η−

E. Nielsen et al., PRL. 83, 1751 (1999) 
B. D. Esry, et al., PRL 83, 1751 (1999) 
E. Braaten et al., Phys. Rep. 428, 259 (2006) 
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Efimov physics ßà three-body recombination 
a⇤�
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release of binding energy -> loss 

Impact of Efimov trimers on L3 

C(a) = 4590 sinh(2η− )
sin2[s0 ln(| a | /a−

* )]+ sinh2η−
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Efimov resonances !!! 
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Efimov physics ßà three-body recombination 

Deeply-bound!
dimer!
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Effect of temperature: 

Unitarity limit prevents the 
observation of two consecutive 
Efimov resonances (maxima) !! 

E. Braaten and H.-W. Hammer,  Phys. Rep., vol. 428, pp. 259–390, 2006. 



Braaten-Hammer 
theory 
Λ*=1/230a0, η*=0.08 

T = 10nK 

200nK 

Efimov    resonance 

Kraemer et al., Nature 440, 315 (2006) 
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First Experimental observation (Cs, 2005) 

Efimov physics ßà three-body recombination 

T. Kraemer et al. , Nature 440, 315-318 (2006)	



Reviews:   
F. Ferlaino and R. Grimm, Physics 3, 9 (2010)   
C. H. Greene, Phys. Today 63(3), 40 (2010) 

Many important experimental steps forwards 

Cs 
133 

K 
39 

Li 
7 

Innsbruck (2005,...)   
three identical bosons 

Li 
6 Heidelberg (2008,...), Penn State 

(2009,...), Tokyo (2010, ...) 
Three-component spin mixture of fermions 

LENS (2009)   
three identical bosons 

Rice (2009), Bar-Ilan (2009,...) 
three identical bosons 

Rb 
85 JILA (2012)   

three identical bosons 

RbK LENS (2009), JILA (2012) 
Heteronuclear mixture 
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a⇥�(2B, 3B)
Genuine three-body force 

Multichannel two-body interaction  

U3B, ET
B

U2B, ED
B

J. P. D’Incao, C. H Greene and B. D. Esry J. Phys. B (2009)	



M. D. Lee, T. Köhler, and P. S. Julienne PRA 76 (2007)	



a⇤�



Change short-range (2B, 3B) physics while keeping the universal character at long range 

a⇤�(2B, 3B), a



In collaboration with P. Julienne and J. Hutson  

���
M. Berninger, et al. PRL 107, 120401 (2011)	



2005 observation 



Intensive collaboration with P. Julienne and J. Hutson on a(B) conversion	



���
M. Berninger, et al. PRL 107, 120401 (2011)	
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… 3BP fairly insensitive to short-range physics 
(3BP for other systems?)  

New theories based on 
the concept of quantum 
reflection 
arXiv:1111.1484: Chin	


arXiv:1201.1176; Wang et al.	


arXiv:1201.4310: Schmidth et al.	
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… 3BP fairly insensitive to short-range physics 
(3BP for other systems?)  
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Tetramer states ßà four-body recombination 
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aTetra1
* ≈ 0.43aT
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Theory !



T = 10nK 

200nK 

Efimov    resonance 

Kraemer et al., Nature 440, 315 (2006) 

�3 = 4
�

2m/(
�

3�)L3, (1)

J. von Stecher, J. P. D’Incao, and C. H. Greene, Nature Physics 5, 417 - 421 (2009) 	



there seems to be 
a little bump! 



scattering length (a0) scattering length (a0) 

T = 50nK, hold time 250ms T = 30nK, hold time 8ms 

prepare sample very close to BEC Ferlaino et al., PRL 102, 140401 (2009) 



 Ferlaino et al., PRL 102, 140401 (2009)	


	



Tetramer states ßà four-body recombination 
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Experiment !
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(c)(a) (b)

simple 3 body 
simple 4 body 
3 + 4 body 



 

Few-body catches up many-body physics 

 
Standard observables lessen in visibility 
with increasing N  
à Call for novel Theo/Exp approaches 

Efimov 
trimer tetramer 
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In collaboration with C. Greene and J. von Stecher 

Five-body state ßà Five-body recombination 

jus 

Just ground state of N-body 
clusters drawn 

Required a combined experimental and theoretical effort and  specific tools   



Efimov Trimer!

Tetramer! Tetramer!
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2 parameters for 3B physics 

a, RvdW
Strong evidence of 
universal clusters  
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