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Observation of Vortex Lattices  s;uwe . [Bece]
in Bose-Einstein Condensates e gbira BEC

J. R. Abo-Shaeer, C. Raman, ). M. Vogels, W. Ketterle P @MM lﬁéaﬁm 4 nM""'Al /6“"
Quantized vortices play a key role in superfluidity and superconductivity. We = bty //
have observed the formation of highly ordered vortex lattices in a rotating
Bose-condensed gas. These triangular lattices contained over 100 vortices with N a/élé b o Ay e
lifetimes of several seconds. Individual vortices persisted up to 40 seconds. The
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lattices could be generated over a wide range of rotation frequencies and trap /l/bdf"w Zn At = /}Mé&

geometries, shedding light on the formation process. Our observation of dis-

locations, irregular structure, and dynamics indicates that gaseous Bose-Ein- — CW) M;w/ey/&:%lt %}vao 4

stein condensates may be a model system for the study of vortex matter.

Fig. 1. Observation of
vortex lattices. The
examples shown con-
tain  approximately
(A) 16, (B) 32, (C) 80,
and (D) 130 vortices.
The vortices have
“crystallized” in a tri-
angular pattern. The
diameter of the cloud
in (D) was 1 mm after
ballistic  expansion,
which represents a
magnification of 20.
Slight asymmetries in the density distribution were due to absorption of the optical pumping light.




1.0+ Fig. 2. Density profile through a
vortex lattice. The curve repre-
sents a S-pm-wide cut through a
- two-dimensional image similar to
those in Fig. 1 and shows the high
contrast in the observation of the
vortex cores. The peak absorption
in this image is 90%.
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Fig. 4. Formation and
decay of a vortex lat-
tice. The condensate
was rotated for 400 ms
and then equilibrated
in the stationary mag-
netic trap for various
hold times. (A) 25 ms,
(B) 100 ms, (C) 200 ms,
(D) 500 ms, (E) 1, (F)
55, (G) 10 s, and (H)
40 s. The decreasin;
size of the cloud in (E
to (H) reflects a de-
crease in atom number
due to inelastic colli-
sions. The field of view
is ~1 mm by 1.15 mm.
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Observation of Interference |
Between Two Bose Guikal  confipnfrn
Condensates -

M. R. Andrews, C. G. Townsend, H.-J. Miesner, D. S. Durfee,
D. M. Kurn, W. Ketterle , Scivocs (9373
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Fig. 1. (A) Phase-con-
trast images of a single
Bose condensate (left)
and double Bose con-
densates, taken in the
trap. The distance be-
tween the two conden-
sates was varied by
changing the power of
the argon ion laser-light
sheet from 7 to 43 mW.
(B) Phase-contrast im-
age of an originally dou-
ble condensate, with
the lower condensate
eliminated.
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Fig. 2. Interference pattern of two
expanding condensates observed
after 40 ms time-of-fight, for two
different powers of the argon ion
laser-light shest (raw-data images).
The fringe periods were 20 and 15
pm, the powers were 3 and 5 mW,
and the maximum absorptions
were 90 and 50%, respectively, for
the left and right images. The fields
of view are 1.1 mm horizontally by
0.5 mm vertically. The horizontal
widths are compressed fourfold,
which enhances the effect of fringe
curvature. For the determination of
fringe spacing, the dark central
fringe on the left was excluded.
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Fig. 4. Comparison between time-of-flightimages
for a single and double condensate, showing ver-
tical profiles through time-of-flight pictures similar
to Fig. 2. The solid line is a profile of two interfering
condensates, and the dotted line is the profile of a
single condensate, both released from the same
couble-well potential (argon ion laser power, 14
mW; fringe period, 13 pm; time of fiight, 40 ms).
The profiles were horizontally integrated over 450
pm. The dashed profile was multiplied by a factor
of 1.5 to account for fewer atoms in the single
condensate, most likely the result of loss during
Absorption elimination of the second half.
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