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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 Cs, Feshbach molecules
from a Cs Bose-Einstein condensate and ultracold 8’RbCs Feshbach molecules from a Rb-Cs atomic mixture. In the case of the Cs, 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 83’RbCs 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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otivation: heteronuclear molecules

Dipole-dipole interactions: Why Rb & Cs?
Bi-alkali molecules in the ground state have  Stable against exchange reactionslS!:
a large permanent electric dipole moment RbCs+RbCs>$Rb, +Cs,

leading to long-range anisotropic dipole-
dipole interactions which may be controlled
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How to make ground state molecules:
1. Create a high PSD mixture 2. Magneto-association 3. STIRAP to ground state
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Creation of Cs, molecules ]
- Use 19.8 G resonance for magneto-associationl'3], Feshbach
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Repeated output coupling of ultracold molecules

l o » Magnetic field gradient insufficient to levitate molecules. Molecular pulses fall to
| jAtomic <+— Magneto-association . .
Rb BECL! _ | state St aner Iow.e.r magnetic fields. Sweep repegtedly gcrogs _the Fesht_)ach resonance at the
= ~ 4000 (17 Adiabatic Passage position of the atoms several times without dissociating the falling molecules.
c 5 ~1556nm
E - =< : - 5 2= \ Feshbach Free 200 \ ______ {\ ...... [\ ------ [\\ ------ f\ o 1.6- §§§HH
10 | | S Lo = :EJ Molecule Atoms O 198] o T o T x ] X '
Cs BECI S & < = A — = o e e e s 1.2- ﬁ#
" | ° *-o /?nvert atoms o> 55,61, D 196 o | §§§
' o Molecular 2000 ~ iyt i E sl .
Bound State to molecules 2 194 z :
4000 — *® Deeply Bound Molecule 8 [ 1 @
I I I I I I I I T i T . T y T T T 3 044
Magnetic Field (B) N PR 2 g 10 3
. T = 95 5 10 15 20 25
KApproach demonstrated for Cs,Pl, Rb, "] KRb*l RbCsl'?] / Time (ms) Pulse Number
Time (ms) Time (ms)
/ \ 8 (.) | 5.0 | 190 | 1?0 | 2(.)0 | Q 80 (.) | 5.0 | 1(.)0 | 1?0 | 2(I)O |
| VA _ C . [ ] § ° i e
Experimental method(®:10:13] S < f
. . . o e I 2 ¢
Levitated Crossed Dipole Trap: Evaporation trajectory: Dual-species BEC!10I: é o % N
e ® Traptit 25] 4 AU N Z i 5 * oo 0 o :
J Reduce bearm S 2 ) @ 2] %
. ol intensities E S 50 A = o 3 _ mé’; |
® " » : Rb '; E . | A 5 =b /\ cs / /ﬂl‘ 0 | | | | | | | ® 0 | | | | | | |
® e . 5 8, , / 0 10 20 30
Cs 3 = e | Pulse Number ’ P1u(ise Numzb?ar »
Loading dipole 5 - ‘ Ol S S ¢ = = )
w e gl T BRE T Collision’ of two molecular clouds
Rb ‘-‘ RFevap.in 18 osd" s ’ * Increase gradient to 40 G/cm and jump magnetic field close to the avoided crossing
coolin i = e °® .
cs |, Mmagnetotrep 3 N at 13.5 G after coupling out two molecular clouds.
Tt 1t e 10t 00 05 10 15 20 800 :
Aot Nistber Rb BEC Number (x10°%) i e
87Rb BEC: N = 1x108, o, , = 27 x (80,16) Hz _ (:,h,-= -0.9 pg 16
A = 1550 nm, P0K= 6W P192r be;m, W =" 60 um Cs BEC: N = 5x104, o, , = 21 x (55,13) Hz = S <
= = initi . . . . Q
Uro = 90 WK, U, = 125 uK (initially) Both species levitated with same gradient ~30 G/cm / =. 400 : Q
= D
/ [ ] 87 \ :-8 Ear ptads 14 5.
Creation of °’RbCs molecules 5 O I ST TR SR m
. g @
Relevant bound state spectrum: Magnetic field sequence: - Q
e | - Use 197 G resonance for magneto-association. -400 _ | . g:gzg; 12 QO
£ = g00- J « Jump field to below 182 G for Stern-Gerlach separation. -1.9 pg X Atoms —
£ g  Jump back to above 197 G resonance to dissociate. '
é): S 600 - 0 10 20 30 40 50 60
1 100 212G \ Time (mS) /
0L - . A Ty
[ S — Feshbach 4 - N
= _10,3s0,3) i resonance Next Steps Resistive heater
T A3y, i .
= He « Transfer molecules to ground state using Vacuum chamber
> -2 < \—6(24,_4;)(1(2,4)} g q STIRAP; lasers referenced to ULE cavity!!?! _ _
o / Ha 5 32.1 Glcmy ‘ Levitation stabilised to 35°C zero-expansion point. ATFilms 10cm cavity
L O :
. o gradient . _ L
/ ‘_2(1’3)3(0’3» - % 200mW FSR = 1.5 GHz; drift < 50 kHz/day. Zerodur support
4 | , s ©a 0 05 « FWHM = 130 kHz@1550nm, 80 kHz@980nm. = = o
180 190 200 Time | o " Heat shielding
Initial conditions: ptically trappead moiecuies. a nm; walis Mm.
[ ) — 5 — —_ . T T T
NRrb 3X105’ Trp = 0.32pK, IDSDRb 0.2 . 2:5 lon pump Glan-Thompson
* Noo = 2x10°, T, = 0.33uK, PSD, = 0.1 o t = 0.05(4)s .
g 7, = 2.1(6)s o 980nm EOM = o
£
£ 15- . =
> 10cm ULE cavity © N o
=z N e
D < % 1 40
3 1.0 : S 20 %‘[’“
Ry A ETo L DR e 9o ' jt LI ’
R e R § Vacuum chamber 40
~500@ RbcsmOleCUIGS 051 , | , | , | C 0
.- R 0.0 0.4 | 0.8 1.2 1550nm 3 20 -0 0 10 20 30
» Conversion efficiency ~2%, Time (s) 3 , Frequency (MHz)
L , 8| Mode matching EOM
\_ * Umol 181G — -0.84(1) Ug Similar results observed in Innsbruck!4! ) )
/" References N ( )
[1] L.D. Carr et al., New J. Phys. 11(5), 055049 (2009). [7]S. Diirr et al., Phys. Rev. Lett. 92, 020406 (2004). [13] H.W. Cho et al., Eur. Phys. J. D 65, 125 (2011). E PS RC UK Engineering and Physical Sciences Research Council
[2] D. DeMille, Phys. Rev. Lett. 88, 067901 (2002). [8] P. S. Zuchowski et al., Phys. Rev. A 81, 060703 (2010).  [14] T. Takekoshi et al. Phys. Rev. A 85, 032506 (2012). Pioneering research (EPSRC grants GR/S78339/01 and EP/H003363/1)
ana SKIWS
[3] A. Micheli et al., Nat. Phys. 2, 341 (2006). [9] D.L. Jenkin et al., Eur. Phys. J. D 65, 11 (2011). [15] K. Aikawa et al., Phys. Rev. Lett. 105, 203001 (2010).
[4] K.-K. Ni et al., Science 322, 5899 (2008). [10] D.J. McCarron et al., Phys. Rev. A 84, 011603 (2011). UAOPEAN  Eyropean Science Foundation within the EUROCORES
[5] J. G. Danzl et al., Science 321, 5892 (2008). [11] F. Lang et al., Phys. Rev. Lett. 101, 133005 (2008). Sinmerian  Programme EuroQUASAR (EPSRC grant EP/E041604/1)
\ [6] J. G. Danzl et al., Nature Phys. 6, 265 (2010). [12] M. Debatin et al., Phys. Chem. Chem. Phys. 13, 118926 (2011). / \ /




