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1 Introduction: Ultracold Quantum Gases
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2.1 Magneto-Optical Trap
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Inguscio et al., PRL 95, 070401 (2005) global condensate vanishes



2.2 Wire Trap
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Kriger et al., Phys. Rev. A 76, 063621 (2007)
Fortagh and Zimmermann, Rev. Mod. Phys. 79, 235 (2007)



3.1 Model System

Action of a Bose Gas:

A—/hﬁd /d% w*ha—h2A+ FV(x) — pl g+ Lapr2?
), or oM HIY Ty
Properties:

: : M
e harmonic trap potential: = 7w2x2
e disorder potential:  V(x) ; bounded from below, i.e. V(x) > 1}

V(Xl) — O, V(Xl)V(Xg) — R(Xl — X2> ,
e chemical potential: p

Ah?a
M

e periodic Bose fields: ¢ (x,7 4+ hf3) = ¥(x, 1)

e repulsive interaction: g =



3.2 Grand-Canonical Potential

Aim:
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Z = %prw* e~ Al YI/h
Problem:
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3.3 Replica Trick

Disorder Averaged Partition Function:

N
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Replicated Action:
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Similar: disorder averaged correlation functions



4.1 Condensate Density

Assumptions:
homogeneous Bose gas: U(x)=0
d-correlated disorder: R(x) = Rdé(x)

Bogoliubov Theory:

background method: Vo (x,7) = Wy + 00 (%, T)
replica symmetry: U, =no

. M2R no
Result: 77/0_77/—7—«/6“10 _87r3/2h4’/

Huang and Meng, PRL 69, 644 (1992)
Falco, Pelster, and Graham, Phys. Rev. A 75, 063619 (2007)



4.2 Superfluid Density

Galilel Boost:
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Result: nS:n—nn:n—§8W3/2h4w/a

Huang and Meng, PRL 69, 644 (1992)
Falco, Pelster, and Graham, Phys. Rev. A 75, 063619 (2007)



4.3 Collective Excitations

Hydrodynamic Equation in Trap With Disorder:

m g—; on(x,t) —V [gnTF(X)V5n(X, t)}

— 9 [3gna(x)3n(x.0)] ~ V | () Van(x. 1)

nr(x) : Huang-Meng depletion in trap
ntr(x) = [u — V(x)] /g : Thomas-Fermi density

Violation of Kohn Theorem:

Surface dipole mode dwaip(€ = 0) 5T M?*R

(n =0 7l — 1) Wdip B 16 87T3/2h4\/nTF(O)CL

Falco, Pelster, and Graham, Phys. Rev. A 76, 013624 (2007)
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4.4 Comparison With Experiment

Typical Values:

Inguscio et al., PRL 95, 070401 (2005)
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— Disorder effect vanishes in laser speckle experiment

Improvement:

laser speckle setup with correlation length £ =1 um
Aspect et al., New J. Phys. 8, 165 (2006)
— Disorder effect should be measurable

Falco, Pelster, and Graham, Phys. Rev. A 76, 013624 (2007)
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5.1 Earlier Results

trapped Bose gas

homogeneous Bose gas

1/3 2/3
Téo):hwg[N]/ TC(O):27rh2[ n ]/
ke |C(3) kM |((3/2)
AT. AT,
o = —3.426% = =13an!/
TC )\C TC

Giorgini et al., PRA 54, R4633 (1996)
Gerbier et al., PRL 92, 030405 (2004)

Kleinert, Mod. Phys. Lett. B 17, 1011 (2003)
Kastening, Phys. Rev. A 69, 043613 (2004)

R(x) =7
AT, _9
T

R(x) = Ré(x)
AT, B M?R
7O~ 3a[(3/2)]2/3r2n1 /3
Lopatin and Vinokur, PRL 88, 235503 (2002)

Procedure: n=mn(u),

w,/ e = I
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5.2 Our Results
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Timmer, Pelster, and Graham, Europhys. Lett. 76, 760 (2006)
Klinder, Pelster, and Graham, to be published
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6.1 Order Parameters

Definition:
|X_1).';1/I|I1_>OO <¢(X, T>¢*(X/7 7_)> — ng
|X—1>Z’Im—>oo [(W(x, ) (X, TP = (no+q)
Note:

g Is similar to Edwards-Anderson order parameter of spin-glass theory

Hartree-Fock Mean-Field Theory:

Self-consistent determination of ng and ¢ for R(x — x’) = R(x — x’)

Phase Classification:

gas Bose glass superfluid

q=ng=0 q>0,n9g=0 q>0,n9g>0




6.2 Hartree-Fock Results

Isotherm: T = const.

disorder strength R = const.

Phase Diagram: p = const.
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Graham and Pelster, Int. J. Bif. Chaos (in press)
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/ Summary and Outlook

Frozen Disorder Potential
arises both artificially (laser speckles) or naturally (wire trap)

Bosons:

local condensates in minima + global condensate + thermally excited

Localization Versus Transport:
disorder reduces superfluidity

Phase Diagram:
yet unknown for strong disorder

Navez, Pelster, and Graham, Appl. Phys. B 86, 395 (2007)

Disordered Bosons in Lattice:
Bose Glass versus Mott phase

Krutitsky, Pelster, and Graham, New J. Phys. 8, 187 (2006)
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