
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Creation of ultracold Cs2 and RbCs  

Feshbach molecules 
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UK Engineering and Physical Sciences Research Council 
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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 our recent results on the formation of both ultracold Cs2 Feshbach molecules 

from a Cs Bose-Einstein condensate and ultracold 87RbCs Feshbach molecules from a Rb-Cs atomic mixture. In the case of the Cs2 Feshbach molecules we demonstrate the 

repeated output coupling of molecules from the atomic cloud and, using an avoided crossing in the bound state spectrum, we ‘bounce’ the molecular cloud in time of flight [7] and 

engineer ‘collisions’ between two molecular clouds. For 87RbCs we discuss the magneto-association scheme, which is complicated by the large background interspecies scattering 

length, and outline our progress towards the optical transfer to the ground state using stimulated Raman adiabatic passage (STIRAP). 
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 Creation of 87RbCs molecules 

Creation of Cs2 molecules 
• Use 19.8 G resonance for magneto-association[13]. 

• Initially: TCs = 60 nK, NCs = 1x105, PSDCs =
 1.5 

• NCs2
 = 1.3 x 104. Conversion efficiency ~13% 

‘Collision’ of two molecular clouds 

Repeated output coupling of ultracold molecules 

• Use 197 G resonance for magneto-association. 

• Jump field to below 182 G for Stern-Gerlach separation. 

• Jump back to above 197 G resonance to dissociate. 

Optically trapped molecules: 

• Conversion efficiency  ~2%,  

• mmol ,181G = -0.84(1) mB 

• Magnetic field gradient insufficient to levitate molecules. Molecular pulses fall to 

lower magnetic fields. Sweep repeatedly across the Feshbach resonance at the 

position of the atoms several times without dissociating the falling molecules. 

Cs Rb 

~5000 RbCs molecules 

Magnetic field sequence: Relevant bound state spectrum: 

Atoms levitated 

μmol = -0.92(1) μB 

Cs2 Molecules 
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Magneto-association 

Stimulated Raman 

Adiabatic Passage 

6S1/2 5S1/2 

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[9,10,13] 

Levitated Crossed Dipole Trap: 

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

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

Why Rb & Cs? 

Stable against exchange reactions[8]: 

22 CsRbRbCsRbCs 

Large accessible 

dipole moment: 

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

[11], KRb[4], RbCs[12] 

Rb BEC[9] 

Cs BEC[10] 

Evaporation trajectory:               Dual-species BEC[10]: 

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

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

Both species levitated with same gradient ~30 G/cm 
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Initial conditions: 

• NRb = 3x105, TRb = 0.32mK, PSDRb = 0.2 

• NCs = 2x105, TCs  = 0.33mK, PSDCs = 0.1 

TCs2
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Next steps 
• Transfer molecules to ground state using 

STIRAP; lasers referenced to ULE cavity[15] 

stabilised to 35°C zero-expansion point. 

• FSR = 1.5 GHz; drift < 50 kHz/day. 

• FWHM = 130 kHz@1550nm, 80 kHz@980nm. 

• New large volume dipole trap for 85Rb: 

  50 W at 1070 nm; waist 160 μm. 

Vacuum chamber 

ATFilms 10 cm cavity 

Zerodur support 

Heat shielding 

Resistive heater 

EOM 

EOM 

Vacuum chamber 

λ 

4 

λ 

4 

10cm ULE cavity 

Mode matching 

Glan-Thompson Ion pump 

1550nm 

980nm 

0 10 20 30 40 50 60

-400

0

400

800

12

14

16

 

 Cloud 1

 Cloud 2

 Atoms

P
o

s
it
io

n
 (

m
m

)

Time (ms)
 

 M
a

g
n

e
tic

 F
ie

ld
 (G

)

13.5G 

-1.5 mB 

-0.9 mB 

0 10 20 30
0

2

4

6

8
0 50 100 150 200

Pulse Number

Time (ms)

 

 

1
3

3
C

s
 N

u
m

b
e
r 

(x
1
0

4
)

0 10 20 30
0

20

40

60

80
0 50 100 150 200

Time (ms)

 

 

1
3

3
C

s
 T

e
m

p
e
ra

tu
re

 (
n

K
)

Pulse Number

0 5 10 15 20 25
0.0

0.4

0.8

1.2

1.6

 

 

M
o
le

c
u
le

 N
u
m

b
e
r 

(x
1
0

4
)

Pulse Number

Similar results observed in Innsbruck[14] 

• Increase gradient to 40 G/cm and jump magnetic field close to the avoided crossing 

at 13.5 G after coupling out two molecular clouds. 
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