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OUTLINE

Sympathetic cooling of potassium with rubidium:
BEC of 41K

Collisional physics for potassium-rubidium mixtures

Two species BEC (scissor mode oscillations)

Fermi-Bose (40K-87Rb) degenerate mixture with strong attractive
interaction

Collapse of a degenerate Fermi gas

Perspectives



Degenerate mixtures of (different) alkali atoms:
•  new degenerate species
•  cooling of fermions
•  ultracold heteronuclear molecules

Results from:
Paris, Rice (7Li-6Li) : different isotopes
MIT (23Na-6Li) : different species
Firenze (87Rb-40K, 87Rb-41K)

Interactions at ultralow temperatures:
sympathetic cooling, mechanical stability, phase coexistence or
separation, pairing, ... .



Mixing rubidium with potassium___________________________________________________

With minor changes we create boson-boson and boson-fermion 
mixtures.
Typical abundances before magnetic trapping:

•    5×108 87Rb atoms at 50µK +     107  41K atoms at 300µK
•    5×108 87Rb atoms at 50µK + 5×105  40K atoms at 50µK



µ-wave sweep
(6.8 GHz)

Rb K

• Simultaneous trapping of a Rb-K mixture
• Selective evaporation of Rb

|2,2〉

|1,1〉 (Rb)

Sympathetic cooling between different species
___________________________________________________

|1,1〉 (K)



G. Modugno, G. Ferrari, G. Roati, R. J. Brecha, A. Simoni, M. Inguscio,
Science 294, 1320 (2001)

 41K BEC
___________________________________________________

Favourable collisional properties



Interspecies elastic collisions___________________________________________________

• heat Rb by shaking the trap 
   at twice the Rb frequency 
• increase of K temperature
• extract collisional cross-section
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G. Ferrari, M. Inguscio, W. Jastrebski, G. Modugno, G. Roati, A. Simoni, Phys. Rev.
Lett. 89, 053202 (2002).

Positive sign of a from the dependence
on temperature of σ :



               41K-87Rb scattering length
              a3 = + 163 (+57 -12) a3

… all other combinations by mass scaling…

     G. Ferrari, M. Inguscio, W. Jastrebski, G. Modugno, G.
Roati, A. Simoni     Phys. Rev. Lett. 89, 053202 (2002).



       Different critical temperatures:

41K                 87Rb

G. Modugno, M. Modugno, F, Riboli, G, Roati, M. Inguscio, cond-mat/0205485
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A two-species BEC___________________________________________________

Tc:   120 nK             80 nK
           K       Rb



Interacting condensates:

phase separation
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Stability and interactions___________________________________________________
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Collision-induced scissors mode___________________________________________________

Rb



Expansion after release___________________________________________________
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Quenched moment of inertia

M. Modugno, G. Modugno, G. Roati, C. Fort, M. Inguscio, cond-mat/0205015.



Fermi(ons) in Firenze___________________________________________________
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 large attractive interaction for 40K and 87Rb
 sympathetic cooling to a Fermi-Bose gas is possible

K-Rb triplet scattering lenghts___________________________________________________
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inferred from
41K-87Rb



    NF=104    TF=250nK      Tmin=80nK=0.3TF       NB=2 104   TC=110nK

G. Roati, F. Riboli, G. Modugno, M. Inguscio Phys.Rev.Lett. in press 
(cond-mat/0205015)

bosons in T-F approx.:

non-interacting fermions:
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Rb BEC in a K Fermi sea___________________________________________________



100 nK/s

Thermal contact in a Fermi-Bose gas___________________________________________________

•  produce the degenerate
   mixture
•  leave a RF shield on Rb
•  wait for trap heating to
   remove Rb

K starts to heat up
only when Rb is
completely removed



Attractive interaction___________________________________________________

RF≈ 2RB
good geometrical overlap

attractive interaction: better overlap

R. Roth and H. Feldmeier, PRA 65, 021603(R) (2002)



Dipole oscillations___________________________________________________

87Rb

41K 40K

87Rb

   aKRb=160 a0

Collisionless regime

    aKRb< - 300 a0

Hydrodynamic regime
-21.7 (+4.8 -4.3) nm



Tailoring the Fermi-Fermi interaction___________________________________________________

Feshbach resonances:   magnetic field.
Fermi-Bose mixture:        bosonic field:

An attractive Fermi-Fermi interaction can be induced by a large
interaction with bosons  (like in superconductivity).

In our system we have the proper magnitude of interaction (also the sign
ensures no phase-separation)

Uinduced (attractive) > Urepulsive (Fermi pressure) => mechanical instability

Bijlsma et al., Phys. Rev. A 61, 053601 (2000); Viverit et al., Phys. Rev. A 61, 053605 (2000).



Collapse of a degenerate Fermi gas
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Lifetime of fermions below critical
numbers of 40K (diamonds) or 87Rb

(triangles)



       Fermions versus bosons
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Two non-overlapping regions for NK (before/after the collapse)
Gap of data between 2x104 and 0.5x104, with a threshold for 
NRb at Nth=9x104



Collapse of a degenerate Fermi gas

G.Modugno, G.Roati, F.Riboli, F.Ferlaino, R.J.Brecha, M.Inguscio 
Science, published online 29 August 2002



The observation of a "collapse" of identical fermions
suggests that the mixture could be suitable for the
investigation of BCS.

Indeed, the optimal conditions for pairing are expected at
the onset of the instability and the transition temperature is:

stability condition:
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 Viverit, cond-mat/0112354; Viverit & Giorgini, cond-mat/0207260.



Perspectives___________________________________________________

Two-species optical lattices

Transport properties

Collective dynamics for mixed species

Polar fermionic and bosonic molecules

BCS
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