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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,
iIncluding 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 8/Rb-Cs in the magnetic field range up to 1100 G. We present a thorough characterisation of the interspecies
scattering length dependence for 8Rb-Cs for magnetic fields up to 700 G and observe nine Feshbach resonances [7]. We also examine the case of a single species 8Rb 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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/I\/Iotivation: heteronuclear molecules

Dipole-dipole interactions:
Bi-alkali molecules in the ground state have

Why Rb & Cs?

Stable against exchange reactions!!:

1. Create a high PSD mixture

2. Magneto-association

a large permanent electric dipole moment RbCs +RbCs >$ Rb,, +Cs,
leading to long-range anisotropic dipole- 0
dipole interactions which may be controlled ~ os] Large accessible
via an applied electric field. % 074 dipole moment:
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How to make ground state molecules:

3. STIRAP to ground state
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Approach demonstrated for Cs,Pl, Rb,[!?l, KRb*, RbCsl!3]
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Levitated Crossed Dipole Trap:

Experimental method!10.11.14]

Evaporation trajectory

VAN

Dual-species BECI!!:

A =1550 nm, P, =6 W per beam, w, = 60 pm
Ug, = 90 pK Ues = 125 pK (initially)
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Both species levitated with same gradient ~30 G/cm

Atom Number

Rb BEC Number (x10%)
o,, =21 X (80,16) Hz
©, = 271 X (55,13) Hz

8’Rb BEC: N = 1x106,
Cs BEC: N = 5x104,
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Feshbach spectroscopy of 8’/Rb-Csl!>)

+ Load dipole trap with a mixture of 8’Rb in the |1,+1) state and Cs in the|3,+3) state.

* Evaporate at specific magnetic field and hold for 0.5 to 1 s for different resonances.
* Np, = 9x10%, Tg, = 210nK * N = 3104, T, = 260nK
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Bo (G) A (G) Quantum labels By (G) A (G)
I -2(1,3)s(1,3)) 279.03(1) 0.11(1) |—6(2,4)s(2,2)) 278.972 0.034
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Q 10- 790.2(2) 6.8(2) |—5(2,3)s(2,2)) 791.762 4.220
> 1115.2(2) 10.0(6) |—5(2,3)s(1,3)) 1116.554 8.936
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" Feshbach spectroscopy of Rb-133Csl’]

_oad dipole trap with a mixture of 8Rb in|2,+2) and 133Cs in |3,+3).
Ratio of trap depths Rb:Cs = 1:1.4. Sets relative temperatures away from resonances.
Resonances detected by interspecies rethermalisation.
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Interspecies rethermalisation: Summary of results:
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%M Experiment Theory
éz_z_ Bo 0 Assignment By B. A Ubg
%2_0; (G) (G) LiLF Mg (G) (G) (G) (bohr)
5 70.68(4) 0.8(1) p 1 - - 70.54 5854 -12 -
E %] s 24 3 7751 7752 0.010 93.6
™ 16 107.13(1) 0.6(2) s 05 5 109 350 241 9.6
o & TR S 112.6(4) 28(5) s 2 6 6 112.29 11212 -0.17 -628
175 180 185 190 195 200 175 180 185 190 195 200
Magnetic Field (G) Magntic Fisld (G) s 2 4 4 114.33 11421 -0.12 -246
_ _ s 26 5 117.40 117.35 -0.051 -169
Inter- vs. mtra-speCleS. 187.66(5) 1.7(3) s 0 6 5 187.07 182.97 -4.1 -30.3
@ o 370.39(1) 008(4) s 2 7 7 37041 37431 3.9 1.57
d
1.6 AR RS S 395.20(1) 0.08(1) s 2 7 6 395.11 39556 0.45 3.4
S .. %2.0_'? %o s 2 7 5 42511 425.16 0.045 6.1
x PO s 25 5 568.62 568.66 0.037 29.8
& 12 = 577.8(1) 1.1(3) s 0 6 5 57836 578.70 0.34  32.2
E“’: 3 18- 614.6(3) 1.1(4) p 1 - - 614.98 608.18 -6.8 -
s S 7] s 25 4 62529 625.30 0.014 123
4 08 - 641.8(3) 6(2) s 05 5 642 901 259 9.6
S R s 23 3 T08.70 708.68 -0.024 -23.8
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» Evaporative cooling in the dipole trap and 1s hold at specific magnetic field.
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Experiment Theory Experiment Theory
Bo ) Assignment Bo A (bg Bo ) Assignment  Bg A Ures (bg
(G) (G) L (fa.fs) F Mp (G) (mG)  (bohr) (G) (G) L Mg (G) (mG) (bohr) (bohr)
164.74(1) 0.08(2) 2 (2.2) 4 2 1647 -0.0003 -432 156(1) 1(‘15(5) 0 -4  155.3 10800 >10000 -447
171.36(1) 0.12(2) 2 (2.2) 2 2 1713  -001  -431 - 2 .6 2155 3.1 4000 -374
368.78(4) 0.4(1) 2 (22) 4 3 3685 -0.03  -413 219.: 13(1)022(9) 0 -4 2199 91 8000 -379
2 (2.3) 3 2 5049 -0.2x107° -401 232.25(1) 0.23(1) 2 -4 2325 2.0 400  -303
2 (23) 5 3 6850 -0.2x107" 396 248.64(1) 0.12(2) 2 -5 2489 1.8 5000 -406
; -2 (23) 5 2 7508 -0.0002 -302 207.42(1) 0.09(1) 2 -4 297.7 1.1 5000 -432
770.81(1) 0.11(2) 2 (23) 5 4 770.6 -0.26 -390 382, 36(2)0l9(l) 2 3 382 7T 457
800.65(3) 0.3(1) 2 (2.3) 3 3 800.7 -0.05  -383 532.3(3) 32(1)T 0 4 5329 2300 >10000 -474
810.8(2) 1.1(5) 2 (23) 5 5 819.0 -3.14  -380 604.1(1) oz() 2 4 6044 0.1 700  -466
852.3(3) 13(4)7 0 (23) 5 4 851.3 -1100  -393 ~ 2 5 843 02 25 -481
. ~ 2 (23) 2 2 961.8 -0.005 -390 024.52(4) 2.8(1) 2 -3 924 5 -AT6
2 (23) 4 4 9805 -038 387

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