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Feshbach spectroscopy of an ultracold Rb-Cs mixture 

Joint Quantum Centre (JQC) Durham/Newcastle, Departments of Physics1  and 

Chemistry2, Durham University, Durham, DH1 3LE, UK 

European Science Foundation within the EUROCORES 

Programme EuroQUASAR (EPSRC grant EP/E041604/1) 

UK Engineering and Physical Sciences Research Council 

(EPSRC grants GR/S78339/01 and EP/H003363/1) 

Ultracold and quantum degenerate mixtures of two or more atomic species open up many new research avenues, including the formation of ultracold heteronuclear ground-state 

molecules possessing a permanent electric dipole moment [1]. The anisotropic, long range dipole-dipole interactions between such molecules offer many potential applications, 

including novel schemes for quantum information processing [2] and simulation [3]. Our goal is to create ultracold ground-state RbCs molecules using magneto-association on a 

Feshbach resonance followed by optical transfer to the rovibronic ground state [4-6]. Here we present a detailed study of the Feshbach spectrum for and ultracold atomic mixture of 

Rb and Cs. We report five interspecies s-wave resonances for 87Rb-Cs in the magnetic field range up to 1100 G. We present a thorough characterisation of the interspecies 

scattering length dependence for 85Rb-Cs for magnetic fields up to 700 G and observe nine Feshbach resonances [7]. We also examine the case of a single species 85Rb gas, where 

we report 16 experimentally observed intraspecies resonances [8]. We demonstrate that all the resonances are in good agreement with coupled-channel calculations. 
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d = 1.27 Debye[10] 

Brot = 0.5 GHz[11] 

Ecrit = 0.8 kV cm-1 

Motivation: heteronuclear molecules 

Bi-alkali molecules in the ground state have 

a large permanent electric dipole moment 

leading to long-range anisotropic dipole-

dipole interactions which may be controlled 

via an applied electric field. 
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Experimental method[10,11,14] 

Levitated Crossed Dipole Trap: 

 = 1550 nm, P0 = 6 W per beam, w0 = 60 μm  

URb = 90 μK, UCs = 125 μK (initially)  

Feshbach spectroscopy of 87Rb-Cs[15] 

Feshbach spectroscopy of 85Rb-133Cs[7] 

Why Rb & Cs? 

Stable against exchange reactions[9]: 

22 CsRbRbCsRbCs

• Load dipole trap with a mixture of 85Rb in           and 133Cs in          . 

• Ratio of trap depths Rb:Cs = 1:1.4. Sets relative temperatures away from resonances. 

• Resonances detected by interspecies rethermalisation. 

3,32,2

Inter- vs. intra-species: 

Interspecies rethermalisation: 

133Cs 

85Rb 
133Cs 

85Rb 

Feshbach spectroscopy of 85Rb[8] 

Large accessible 

dipole moment: 

Summary of results: 

Dipole-dipole interactions: 
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Convert atoms 

to molecules 

Atomic 

State 

Molecular 

Bound State 

Magnetic Field (B) 

How to make ground state molecules: 

1. Create a high PSD mixture       2. Magneto-association        3. STIRAP to ground state  

Approach demonstrated for Cs2
[5], Rb2

[12], KRb[4], RbCs[13] 

Rb BEC[10] 

Cs BEC[11] 

Evaporation trajectory:               Dual-species BEC[11]: 

87Rb BEC: N = 1x106, r,z = 2  x (80,16) Hz 

   Cs BEC: N = 5x104, r,z = 2  x (55,13) Hz 

Both species levitated with same gradient ~30 G/cm 

s-wave resonances: 

3Joint Quantum institute, NIST and the University of Maryland, Gaithersburg, 

Maryland 20899-8423, USA 

RF evap. in 

magnetic trap 

Loading dipole 

trap 

Reduce beam 

intensities 

Trap tilt 

(a) (b) (c) (d) (e) 

(a) (b) (c) (d) (e) 

• One resonance in a                    spin state mixture measured at 817.45(5) G. 3,3 2,2

aa channel  22,ee channel  

• Evaporative cooling in the dipole trap and 1s hold at specific magnetic field. 

• T = 1.7 K , N = 1x105 

• NCs = 3x104, TCs = 260nK • NRb = 9x104, TRb = 210nK  

• Load dipole trap with a mixture of 87Rb in the          state and Cs in the          state. 

• Evaporate at specific magnetic field and hold for 0.5 to 1 s for different resonances. 

3,3

Similar results observed in Innsbruck[16,17] 

Notation in  ),(),( CsRbCsRb mmLffn

2,2

1,1


