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Towards RbSr ground-state molecules: 
Rb / Sr double BEC  

& 
 STIRAP to Sr2 molecules 
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Opportunities 
SU(N) magnetism 

Artificial gauge fields 

Hermele, Gurarie, and Rey, PRL 2009 
Cazalilla, Ho, and Ueda, NJP 2009 

Gerbier and Dalibard, NJP 2010 
Cooper, PRL 2011 Many other possibilities: 

φ 

• Continuous BEC 

• Precision measurement 

• … 

• Engineered dissipation 

• Rydberg atoms 

Quantum computation schemes 
Daley, Boyd, Ye, and Zoller 2008 

storage 

transport 

readout 



RbSr ground-state molecules 

Polar, open-shell molecules: 

Have electric dipole moment (1.5 Debye) 
and unpaired electron 

Enhanced control parameter space: 

• supress inelastic collisions by polarizing electron spin?  

Interactions:  

• electron spin-state dependent long-range interactions   

Confinement:  

• Magnetic potentials 
• Electron spin-state dependent potentials 

Guérout et al., PR A 82, 042508 (2010) 

Micheli et al., nature physics 2, 341 (2006) 



RbSr ground-state molecules 

A way to simulate lattice-spin models 

Micheli et al., nature physics 2, 341 (2006) 

Polar, open-shell molecules: 

Have electric dipole moment (1.5 Debye) 
and unpaired electron 

Guérout et al., PR A 82, 042508 (2010) 



Overview 

BEC of strontium 

Sr2 molecules 

Rb / Sr double BEC 84Sr 87Rb 

mF 

0 -1 +1 



Towards high phase-space density 
2000: 88Sr at phase-space density of 0.1 

2006: cooling of 88Sr/ 86Sr mixture to phase-space density of 0.06 



New approach 

Bosonic strontium isotopes: 

Isotope Natural 
abundance 

Scattering 
length 

88Sr 82.58 % -2 a0 

86Sr 9.86 % +800 a0 

84Sr 0.56 % ? 

no collisions 

inelastic collisions 



New approach 

Bosonic strontium isotopes: 

Isotope Natural 
abundance 

Scattering 
length 

88Sr 82.58 % -2 a0 

86Sr 9.86 % +800 a0 

84Sr 0.56 % +124 a0 by Roman Ciurylo  
using PRL 95, 223002 

Our strategy: use 84Sr 

no collisions 

inelastic collisions 



MOT 
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blue MOT 
461 nm 
30 MHz 

3 mm 

3x105 atoms 

1:150.000 

>108 atoms ! 
in magnetic trap 

Accumulation in metastable state 
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108 atoms 
T ~ 1 µK 

Narrow linewidth MOT 

3 mm 

3x105 atoms 
5x107 atoms with 
phase-space density of 
            0.1 ! 

Atoms in dipole trap 

>108 atoms ! 
in magnetic trap 



10 million atoms in pure BEC! 

See also work by Tom Killian‘s group: PRL 103, 200402 (2009) 

Sr BEC! 
9/26/2009 



Quantum Degenerate Strontium 
84Sr BEC 

86Sr BEC 

BEC Fermi sea 
88Sr BEC 



Overview 

BEC of strontium 

Sr2 molecules 

Rb / Sr double BEC 84Sr 87Rb 

mF 

0 -1 +1 



Sample preparation 

Rb MOT 

Prepare 84Sr, 87Rb mixture in dipole trap: 

dipole trap 



Sample preparation 

dipole trap 

10 s 84Sr MOT 

Sr reservoir loading: 

N = 1.5 x 106 

T = 30 µK 
PSD = 10-4 

Prepare 84Sr, 87Rb mixture in dipole trap: 

Rb 



Sample preparation 

84Sr MOT  
N = 107 

T = 1 µK 

Prepare 84Sr, 87Rb mixture in dipole trap: 

dipole trap N = 1.5 x 106 

T = 30 µK 
PSD = 10-4 

Rb 



Sympathetic laser cooling  

Rb momentum distribution 

time 

T = 30 µK 
N = 1.6 x 106 
PSD = 10-4 

400 ms 0 ms 

T = 5 µK 
N = 1.3 x 106 

PSD = 0.05 
x 200  

in phase-space 
density! 



84Sr 87Rb 

mF 

0 -1 +1 

87Rb / 84Sr double BEC 

N=1.3 x 105 N=2.5 x 105 



Next goal 

RbSr molecules 



Molecule association 

Resonances probably quite narrow           alternative technique might be handy 

Magneto-association 

STIRAP of atom pair to molecule 

Demonstrate by creating Sr2 



Overview 

BEC of strontium 

Sr2 molecules 

Rb / Sr double BEC 84Sr 87Rb 

mF 

0 -1 +1 



Step 1: Mott insulator of 84Sr 



Step 2: association by STIRAP 

1S0 + 1S0 

1S0 + 3P1 

external trap  
(lattice well) 
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Step 2: association by STIRAP 

1S0 + 1S0 

1S0 + 3P1 

external trap  
(lattice well) 
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Result 

30% efficiency 



Next goal 

RbSr molecules 

Sr2 molecules 

Ground-state transfer by (second) STIRAP 

84Sr 87Rb 

mF 

0 -1 +1 
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