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1 - Theoretical description

Inhomogeneous Bose-Hubbard Hamiltonian:

R o Uu A
Hpy = —JZCL,}-LCL]' EE Z [271@(71@ — 1) — ,umi] :
(4,5) U
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2 - Experiments

Collapse and revival was observed in a sample of 2 x 10°
5TRb atoms - Nature 419, 51 (2002)

Periodic potential depth was suddenly changed from
Vi=8E. 10V, =22E,

Condensed fraction was extracted from 130 ym x 130 um
squares around the interference peaks
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3 - Ginzburg-Landau Theory

External sources break global symmetrieS'

HBH""Z[J’L al + ji (t)a }
Generating functional (A = 1): A
Z {jf (1), 4i(0)} = (0|7 “H®|o)
Generating functional of connected correlation functions:
F{5i (), 5:(8)} = iIn Z {57 (t), js(t) }
Order parameter field:

Uilt) = (@ (1)) =

03; (1)

Effective action:

D {y* 9} = F{5%,5} - / dt [ (8)75 (2) + $E )i )]
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3.1 - Order field dynamics

Equations of motion:

T {0 )
507 (1)

Linearized equation for zeroth order in J:
/ AT (t — ¢)i(t) = 0
Frequency space: FZ(Q) (w);(w) =0
L (2 —
with: 1P (w) = go=is [w — (Un; — )] {w—[Uni — 1) — i1}
General solution:

i(w) = A7 0 |w — (Un; — )] + A; 0 {w—[U(n; — 1) — 3]}

ST {4, 9} _

01); (1) ’

0 ;
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3.2 - Collapse and revival

General solution in time domain:
Wi(t) = A;"e—it(Unv;—M) 4 Ai—e—it[U(nz‘—l)—M]
Local collapse and revival:

¥i(0)* s (1) = | AT P +|A7 [P +2| A || A; | cos { [U — (O — HH} t}

7

Condensed fraction for 6 ,+ =0 ,-

. .

{/ 7

N(E) =D 1@ = > (14 P + |47 1) +2cos (U) Y |AF 1A} ]
Damping occurs when Aj and A; are out of phase:

lim N(t) =Y (1477 +]471%)

t——+o0

7
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3.3 - Initial conditions

Lattice Gross-Pitaevskii equation deep in superfluid phase:

idi=—J > &+ Usileil* — pigi

jen.n. of ¢

Thomas-Fermi approximation for static solution:

2

¢i(0) = \/ 7 ; Hog = Ho— —5 X

Lattice Gross-Pitaevskil equation has exact solution for J = 0:

Bi(t) = gi(0)e (VI OF k!
A and A; are determined from ¢;(0) and ¢;(0):
A = (9i(0)* —n; + 1)¢i(0) ;A7 = —(¢i(0)* — 14)6:(0)
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4.1 - Dispersion in momentum space

Momentum space wave function:
k) S i (t)etexs
Contributions from different shells:
Pt (k,t) = e U=y (k) (k, t);

b (k, t) = e MU =D=1y (k) v, (k, t)

i)=Y AFelen—ri

1€nth shell

+
x> obey a dispersive equation: z’aX”a(tk’t) = (
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4.2 - Long-time limit
Momentum space distribution:

[ (k,t)]* = 12Zw S
After integrating in k. :

2
mwt 2

pller) = Jw(k)* Y Glragiriit)e s Chirllehutrimy)
with: g
G(rij;riit) = Zzz {AT(r14,20)AT (v, 21) + A= (r1s, 21) A (v 14, 21)
+ cos(Ut) [AT(r 14, 21) A (r1j,21) + A= (r1s, 20) AT (v, 20)]}

Long-time limit ¢ — oc:

o) ~ (k. )[2G(0; 0:1 ( g )

mw?a’t
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5.1 - Condensate fraction

Experiments observe a small region in k; space:

2T 2
e ~ p(ky = 0)(6k)* = (0k)*|w(0)|*G(0;0;t
plke = 0)(00)° = (G wO)PG0:0:0) (- 25 )
ok relates to time-of-flight measurement:
Sk — mox
htf
Wannier function in harmonic approximation:

w(ky) \/7( 2 )1/86 a’k?
x p— —_— X —_
2 \ Vo/E- d 212\/Vo/Ex

: : 2 G(0;0;¢)
Final result: N. ~ 40k 1
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5.2 - Comparison with experiments

Blue dots: experimental results

Solid green: Initially deep in
superfluid phase

The revival time h/U = 0.55 ms was calculated numerically.

Interpolation between large- and small-time asymptotic limits
was obtained from first Padé approximant.
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