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The very first condensate, Boulder, June 1995
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The very first condensate, Boulder, June 1995
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Evaporative cooling at work
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Evaporative cooling at work
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Changing aspect ratio of expanding 
condensate(W. Ketterle)
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inerference of two condensates (Ketterle, 
Science 1997)
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atom laser
W. Ketterle (PRL, 1997)
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Oscillations of the condensate 
(C.E. Wieman, E.A. Cornell `96)
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Oscillations of the condensate 
(C.E. Wieman, E.A. Cornell `96)
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coherence of the condensate 
(C.E. Wieman, E.A. Cornell `97)

loss due to three body
 collisions

local fluctuations 
of the thermal cloud

condensate 
has tiny fluctuations:

experiment:
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speed of sound (W. Ketterle, 1997)
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vortices 
(W. Ketterle, Science 2001)
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How to observe a vortex and measure 
its topological charge ?

J. Dalibard,  2001
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bouncing condensate off a laser mirror
 (W. Ertmer, 1999)
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spinor condensates

17

optical dipole traps hold atoms 
with all orientations of spin.
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contact interaction continued

ˆ H = d 3r∫ ˆ ψ i
+ H0

ˆ ψ i( + 1
2 c0

ˆ ψ j
+ ˆ ψ i

+ ˆ ψ i ˆ ψ j + 1
2 c2

ˆ ψ k
+ ˆ ψ i

+
 
F ij
 
F kl

ˆ ψ j ˆ ψ l )

conventional choice of spin matrices:

 

c0 =
4π2

m
1
3
(a0 + 2a2 )

c2 =
4π2

m
1
3
(a2 − a0 )

conventional choice of spin matrices:

Fx =
1
2

0 1 0
1 0 1
0 1 0

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
  Fy =

1
2

0 −i 0
i 0 −i
0 i 0

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
  Fz =

1 0 0
0 0 0
0 0 −1

⎡

⎣

⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
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For 87Rb c2<0 and the ground state is ferromagnetic

assuming a single, universal, spatial mode:

)()()( rrnr ii

 ξψ =

the energy functional takes a form

E = d 3r∫ 
2

2m
(∇ n )2 + 

2

2m
∇ξ 2n +

⎛ 

⎝ 
⎜ 

V ( r )n+ n2

2
c0 + c2

 
F 

2⎛ 

⎝ 
⎜ 
⎜ 

⎞ 

⎠ 
⎟ 
⎟ 

⎞ 

⎠ 
⎟ 

jiji FF ξξ


=

and has a minimum for the maximal value of the spin

(more complicated F=2 state of rubidium is 
antiferromagnetic)
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minimizing we get:

ξ =U

1/2

1/ 2
1/2

⎡ 

⎣ 

⎢ 
⎢ 
⎢ 

⎤ 

⎦ 

⎥ 
⎥ 
⎥ 

P = [1/ 4,1/2,1/ 4]

averaging over all angles:

< P >= [1/ 3,1/ 3,1/ 3]
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Domeny magnetyczne w kondensacie rubidowym 
o F=1 (D. Stamper-Kurn - Berkeley 2007)
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