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Our interest in ultracold K-Rb mixtures:

•Potassium has two bosonic (39K and 41K ) and one fermionic (40K) 
isotope; rubidium (87Rb) can be efficiently cooled to BEC.

•Sympathetic cooling may represent a tool for:

Reaching BEC for the bosonic K isotopes (so far prevented by inefficient 
laser cooling and low collisional rates:   a39 = -33 a0 ; a41 = +60 a0)

Investigating Cooper pairing in degenerate gas of fermionic potassium 
well below TF.

•Bose-Bose and Fermi-Bose degenerate mixtures.

•Ultracold heteronuclear molecules.



Symultaneous magneto-optical trapping of 41K and 87Rb:        
109 Rb atoms at 50µK + 107 K atoms at 300µK



QUIC magnetic trap with frequencies:

Rb: νax= 16 Hz       νrad = 200 Hz

K:   νax= 23 Hz       νrad = 290 Hz

Sympathetic cooling of 41K with 87Rb



The two species are always 
thermalized: large K-Rb 
collisional  interaction.

Losses in the K sample are 
due to inelastic collisions with 
Rb in |2,1>.



Bose-Einstein condensation of 41K

T<TC T≈TC=150nK T>TC

• TC =h/kB(νaxν2
rad N/1.2) 1/3 ∝ M-1/2 N1/3

• Rb sample cannot be condensed in these conditions

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



Selective parametric excitation of Rb radial modes and study of
the K-Rb thermalization mediated by collisions

Elastic collisions: triplet scattering length
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•Formation of a stable 41K - 87Rb binary BEC is possible  (a large attractive
mean-field interaction strength U=2πh2a3/µ would lead to collapse)

•Sympathetic cooling of  fermionic 40K with 87Rb is expected  to be efficient

G. Ferrari, M. Inguscio, W. Jastrzebski, G. Modugno, G. Roati and A. Simoni
cond-mat/0202290.
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Triplet scattering length a3 for the stable K-Rb isotopes pairs
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Inelastic collisions: singlet scattering length
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G = 1.8 (9) 10-11 s-1 cm3



A binary BEC of two different atomic species

Rb atoms in |2,1> limit the number of Rb atoms 
at low T with K

⇓⇓
two µwave knives can provide a better 
spin-polarization: more atoms

3×104 atoms each

T ≈ 150 nK

Rb K



K

Rb

A rapid change of the trap confinement

induces a vertical oscillation of the two BECs

Colliding K-Rb Bose-Einstein condensates



Conclusions and prospects

Sympathetic cooling of 41K with 87Rb is highly efficient:

• Bose-Einstein condensation of 41K.
• Binary BEC of two different atomic species with large repulsive            
interaction.
• Sympathetic cooling of potassium fermions is expected to be 
efficient.

Future studies:

• Fermion-boson mixture.
• Feshbach resonances in the interspecies collisions.
• Binary condensates with tunable interaction.
• Heteronuclear molecules formation.


