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Vitaly Efimov 
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Hyperspherical 
equation: 

⇒  Scale invariant under dilation R→λR  and t→λ2t 

λ=exp(π/s0)=22.7   for 3 identical bosons 



From Nuclear Physics to Cold atoms 

Chris Greene (Purdue) Brett Esry (Kansas State) 



  
Observation of Efimov Resonance in Cesium 

Kraemer et al., Nature 2006 

Physics Today 2006 

Also found in Li6 (Penn State, Heidelberg), Li7 (Rice, Bar-Ilan), K39 (LENS), Rb85 (JILA)  

2004 

2014 



Efimov state structure  near a Feshbach resonance 

λ2                            λ           1 



Excited Efimov state in 3-component Fermi gas 

O’Hara Group (Penn State): Williams et al., PRL 103, 130404 (2009) 



Second Efimov resonance in Cs! 

Grimm group (Innsbruck Univ.) B. Huang et al., arXive: 1402.6161 

Length scale ratio = 21.1(1.4) 
Theory = 22.7 



Hulet group (Rice University): Science 326, 1683 (2009) 
                 New interpretation: Physical Review A 88, 023625 (2013). 

Second Efimov resonance in 7Li? 



Hulet group (Rice University): Science 326, 1683 (2009) 
                 New interpretation: Physical Review A 88, 023625 (2013). 

Second Efimov resonance in 7Li? 



Homonuclear vs. Heteronuclear 
Trimers 

Dynamic range of measurement 

(1) Mass ratio of constituent atoms 
(2) Number of resonant pair interactions 
(3) Symmetry of particle statistics 

: Determined by 



Mass Dependence 

Mass ratio (m2/m1) 
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Homonuclear  
case 

(JILA) 

~ 130 

(MIT) 

~ 105 

(U. Chicago) 

~ 4.88 



Efimov states in atomic mixtures 

J.P. D’Incao and B.D. Esry, PRA (2006) 

2 heavy Bosons + 1 light atom 



A Translatable Crossed Dipole Trap 

Cs 

Li 

Li : T = 3 µK; NLi = ~ 105 
 

Cs: T = 16 µK; NCs = ~105 
S. Tung et. al., PRA 87, 010702(R) (2013) 



Trap Loss of Li-a State + Cs-a State Mixture 
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Tung et al., PRA 87 010702 (2013) 
Repp et al., PRA 87 010701 (2013) 



Loading Li MOT 

Experiment Procedures 

Loading Li into dipole trap 1 
Translate the Li cloud to  
the hiding position Loading Cs MOT 

Loading Cs atoms  
into dipole trap 2  Merge two traps 



Dual Resonant Absorption Imaging 
The time of flight method Resonant absorption imaging 
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Probe atoms 
after expansion 

t = 0 

Switch-off 
trapping potential 

Atoms 
in trap 

Li imaging 

Cs imaging 

15 ms 30 x 103 

30 x 103 

Li atoms (in-situ) 

Cs atoms (TOF) 



Trap loss measurement: Cs+Cs+Cs vs. Li+Cs+Cs 

5G away 
(-300 a0) 

Feshbach 
resonance 



Trap loss measurement: Field scans 



Finest Scans 



Temperature dependence? 

< T > = 405 nK 
209 averages 

< T >=250 nK 
328 averages 



Result 

• Three Efimov resonances: 
First resonance:  +5.6(2) G,   a1 = -337(9) Bohr 
Second resonance: +1.07(2) G,  a2 = -1650(30) Bohr 
Third resonance:  +0.22(4) G,  a3 = -7900(1400) Bohr 

      Feshbach:   842.75(1)G  

• Scaling ratio:  a1 : a2 = 1 : 4.90(16) 
       a2 : a3 = 1 : 4.79(87) 
    Weighted ratio: 4.85(44) 
    Theory:  4.88          D’Incao and B.Esry, PRA (2006) 

• Finite temperature shift: < 8% in 0 ~ 1µK    (Y. Wang) 

• Feshbach resonance position: < 10 mG   (Y. Wang) 

• Finite size: E3 = 500nK, Cs trap freq. = 4 nK, LiCs freq. = 4.5 nK 

Systematics (Thanks to R. Grimm and C. Salomon) 



Trap independent coefficients (a best guess) 



Trap independent coefficients (a best guess) 



Theory:                            (Yujun Wang, NIST and Kansas State) 



Scattering length determination 

FB: 842.75(1)  G 
E3:  +0.22(4)  G 
E2:  +1.07(2)  G 
E1:  +5.60(20) G 

Within the resonance width, 
scattering length ~ 1/(B-B0) 

(E1-FB)/(E2-FB): 5.2(2) 
(E2-FB)/(E3-FB): 4.9(9) 



Scattering length determination 

FB: 842.75(1)  G 
E3:  +0.22(4)  G 
E2:  +1.07(2)  G 
E1:  +5.60(20) G 

Within the resonance width, 
scattering length ~ 1/(B-B0) 

(E1-E2)/(E2-E3): 5.3(4) 
(E2-E3)/(E3-E4): 3.9(7) 

E4? 



Back to Theory:              (Yujun Wang, NIST and Kansas State) 

 

K3 ∝const +
1

(B − B0)2 + ∆B2
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Nature Physics  9, 769 (2013) 

Arbitrary potential  

Transport 

Science 335, 1070 (2012)  

Quantum criticality 

Science 341, 1213 (2013) 

 Sakharov oscillations 

Postdoc positions available 

Postdoc positions available 



 Choose the one with aBB < 0.   J. P. D’Incao and B. D. Esry, PRL 103 083202 (2009) 

Which resonance should we choose? 

aa 

ba 



Broad (62G) 6Li- 133Cs Feshbach resonance 

Theory: Y. Wang and P. Julienne (NIST) 

 ∆=62G 

 ∆=2G 

S.K. Tung et al., PRA 87, 010702 (2013) 



Picture of Efimov potential 
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Geometric scaling of Efimov states 
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 ψ(R) 7.220/ =seπ

r : Molecular potential range 

5150/2 =se π
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