


Outline

Knoop et al., Nature Physics 5, 228 (2009)

Observation of controllable exchange in         

ultracold atom-dimer collisions

• halo dimer: universal exchange process

• Introduction: atom-dimer Efimov resonance

• Feshbach molecules

• Cs system, atom-dimer mixture

• Observation of atom-dimer 

Efimov resonance

• Discussion
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Universal atom-dimer scattering
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Relaxation to more deeply bound states

Nielsen, Suno & Esry, PRA 66, 012705 (2002)

Braaten & Hammer, PRA 70, 042706 (2004)

D‟Incao & Esry, PRL 94, 213201 (2005)

b: atom-dimer loss 

rate coefficient



Efimov features in ultracold quantum gases
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energya < 0 a > 0
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Atom-dimer resonance

Zaccanti et al., Nature 

Phys. 5, 586 (2009)

• obtain a*
(n)

• no direct comparison with   

universal prediction for b(incl. h*)
• depends on Eb



Feshbach resonance
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Making molecules near Feshbach resonances

• Magnetic field sweep

• RF association / magnetic field modulation

• Three-body recombination (6Li)



Feshbach molecules

Ferlaino, Knoop & Grimm, Ultracold Feshbach molecules, arXiv:0809.3920
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• made in many systems (6Li2, Na2, 
40K2, 

85Rb2, 
87Rb2, 

Cs2, 
85Rb87Rb, 40K87Rb, 41K87Rb, 6Li40K, …) 

• ultracold 

• highly excited vibrational state:  collisionally unstable 

(in general)

Feshbach molecule ė halo dimer



Eite Tiesinga, Paul Julienne
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We use a narrow FR 

to enter the universal 

s-wave dimer state

Mark et al., PRA 76, 042514 (2007)

Ferlaino et al., PRL 101, 023201 (2008)

Cs: forest of molecular states

EvdW/h å 2.7 MHz



pure dimer sample

DDDAD NnNnN ab --=
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imbalanced atom-dimer mixture

Atom-dimer relaxation loss measurements



Theory: Helfrich & Hammer, EPL 86, 53003 (2009) 

a*= +397a0

h*= 0.034 

170nK data fits very well to universal prediction !

40nK data factor 2 too low

Knoop et al., Nature Physics 5, 228 (2009)

Knoop et al., arXiv:0907.4510

Observation of atom-dimer Efimov resonance

40nK

170nK
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T. Kraemer et al., 

Nature 440, 315 (2006) Cs Efimov spectrum

a*= +397 a0

h*= 0.034 

a-= -850 a0

h-= 0.06 

a*
(n=1)/ |a-

(n’=0)|

= 0.47(2)

rvdWå 100 a0

EvdW/h å 2.7 MHz

(Massignan & Stoof, PRA 2008)universal theory: a*
(n+1) ≈ 1.06|a-

(n)|



Universal connection ?

D„Incao, Esry, Greene, JPB 2009:  

zero-crossing, no connection

model potential

Jona-Lasinio & Pricoupenko, arXiv:0903.3808

connection between trimer states 

on both sides of zero-crossing

(see also Massignan & Stoof, PRA 2008)

Brett Esry (private communication)

¤­vdWra corrections

6Li ?



Comparison with other observations

a*
(n=1)/ |a-

(n’=0)|= 0.47(2)

a*
(1)/ |a-

(1)| = 0.45(2)/22.7

a*
(2)/ |a-

(1)| = 0.62(5)

39K

Zaccanti et al., Nature Phys. 5, 586 (2009)

a*
(2)/ |a-

(1)|=2.0(1)

a*
(2)/ |a-

(2)|=1.97(7)/22.7

7Li

Randy Hulet, San Feliu 2009
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Knoop et al., Nature Physics 5, 228 (2009)

Helfrich & Hammer, EPL 86, 53003 (2009) 

Knoop et al., arXiv:0907.4510
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MW transfer
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A+AB
A2(v=-1)+B

→

A+AB(v=-1)

Tunable exchange process

Exchange processes in ultracold atom-dimer collisions



Theory: Jose D‟Incao & Brett Esry

Experimental observations

A2(v=-1)+B → A+AB(v=-1)

appearance of trapped 

atoms in state A !

Knoop et al, in preparation



Universal exchange process

High efficiency: large overlap initial and final channel

A2(v=-1)+B

A+AB(v‟<v)

A+AB(v=-1)

A2(v‟<v)+B

• applicable to heteronuclear systems

•aAB and (aAA or aBB) >> rvdW

• controllable atom exchange  



• Observation of atom-dimer 
Efimov resonance

• Atom-dimer mixture: a* and h*, 
direct comparison with universal 
theory

• Complementary information w.r.t. 
three-body recombination 

•a*
(n=1)/ |a-

(n’=0)| deviation from 
universal connection

Conclusions

• Exchange processes in ultracold
atom-molecule collisions
• Controllable

• High efficiency

• Universal

• Ultracold quantum chemistry



Outlook

“Perfect” Efimov playground: 800 G FR (D=87 G; sres=1470)
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