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We report on the observation of controllable phase separation in a dual-species Bose-Einstein
condensate with ®*Rb and *'Rb. Interatomic interactions between the different components determine
the miscibility of the two quantum fluids. In our experiments, we can clearly observe immiscible behavior
via a dramatic spatial separation of the two species. Furthermore, a magnetic-field Feshbach resonance is
used to change them between miscible and immiscible by tuning the ®Rb scattering length. The spatial
density pattern of the immiscible quantum fluids exhibits complex alternating-domain structures that are
uncharacteristic of its stationary ground state.
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- S. B. Papp et. al. reported that the two-component BEC
may fail to form if the particle number of one
component is too large at the start of evaporation. The
experiment is carried out in an extremely elongated
cigar-shape trap.
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2. Stochastic Projected GPEs
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Mode Energy

The c-field theory
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Incoherent region

- sparsely occupied modes
- dynamics neglected
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c-field region
- highly occupied modes
- dynamics included




Scattering and growth of the
condensate particles
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- highly occupied modes
- dynamics included

Incoherent region

- sparsely occupied modes
- dynamics neglected
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2. Stochastic Projected GPEs

» The atoms are confined in an elongated trap with.

Wy, =27 % 2.9Hz and ay,, =27 x130Hz
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2. Stochastic Projected GPEs
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a; - s-wave scattering lengths.
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and Fragmentation
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» Parameters:
1.aspect ratio of scattering length
o, =a,/a,

0l,=a1,/a

2.1T=100nK
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3. Fragmentation

» Fragmentation of condensate means that

* there are more than one macroscopically
populated state in the system.

* In other word, there is more than one comparable
eigenvalue of one particle density matrix
(Onsager criterion).




3. Fragmentation

- We diagonalize the density matrix of each component to verify
the condensate is fragmented or not.

iJ-HAt/Z dit ‘Wi (t)><Wi (t)‘
Atz T |y (0) (w (1))

* (Averaging via a short time to approach the ensemble under
the ergodic hypothesis)

- If the order of number of occupied state N approach to the
order of particle number,

p;i(t) =

—Fail To Condense
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3. Numerical Result

Asymmetrically Immiscible Case
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3. Numerical Result

summed OD (10%)
n

at

o

ass =51 q,
A =-0.89

(a)

)

a,s =51 q,

(e)

200

00 0 100
position (um)

200

0.9

— 87 max
0.7+ | =" 87 2nd
0.6 == 87 3rd

— )85 max
0.5 . )

===852nd
0.4 11

== "853rd
03 [ ;Al ]

Fan
/s 1
0.2 7 h .
\ / H
’z\\* // N ‘\ fl‘
[ 'y _|
S n \ ’ "
0.1 RN \,\‘. ] “ \‘1;“‘\ /,"- . ' J‘)\\*/’“\,A \\ ,f \\ - ff \, x\.,,
~ A, L L A - - ~ - - - -t, Flad L LR P RN -
0 R N e R R A s e ST E R e d S R AT SR S T I I S e e D

6

7

8




3. Numerical Result
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3. Numerical Result

* Miscible Case
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4. Summary

1. We apply the SPGPEs to dual-species condensate, and get a good
agreement with experimental results.

2. We verify three scenarios for the growth of phase-separated
condensates:

The successful formation of two BECs without fragmentation.
The formation of two BECs, yet one of them is fragmented.

One species is condensed without fragmentation, while the other
Is stillborn.

3. Attempt to simulate the synthetic cooling of 133Cs-8’Rb mixture by
using SPGPE + PGPE.
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Thanks for your attention.




