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Dirty boson problem (risher et al. 1989)
Central topic in condensed matter physics

Interaction
Quantum
degeneracy
Disorder

Important differences compared to the
metal-insulator transition in Fermi systems



* Insulating — conducting (superfluid)

(Quantum) phase transition

Natural order parameter (p 20 T<T,) in contrast to metals

where true phase transition only at T=0 (otherwise a
Crossover).

o Absence of Pauli exclusion

Repulsive interactions crucial in preventing condensation

In the lowest localized single-particle eigenstate of the
random potential.

No perturbation expansion around non-interacting limit



Liquid “He in porous media
Reppy and coworkers since 1983
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* localization below a critical density
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Spatial width (iwm)

Ultracold JaSesS (Florence-Paris-Rice-Urbana)

Roati et al. (2008) Billy et al. (2008)
Localization in 1D Localization in 1D
quasi-periodic lattice speckle potential
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Theory of disordered Bose-Hubbard lattice model

numerical studies: Krauth, Trivedi and Ceperley 1991, ....

disorder
A=0 A<U A>U

, WU
Two types of insulator:

I.incompressible Mott phase
I.compressible Bose glass phase

SF

1 BG

JU JU

Commensurability plays
an important role —

e.g. disorder can favor superfluidity

%226 8 10 I
u/t
FIG. 3. Superfluid density p/p vs interaction strength U/t in
a 10x 10 system of density p=1 and Sr =4. The values of the
disorder parameter are ¥/t =0 (triangles) and 2 (squares).



Outline

 Random potential created by optical speckles

o Superfluid transition in continuous 3D systems

* Thermodynamic behavior and evidence of Bose
glass phase



Optical speckles
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Autocorrelation function

L) =V W' +r)-vy

¢.= disorder correlation length

— Many realizations
= Single realization

— Gaussian fit

0 0.5 1 1.5

¢~10pum (Fort et al. 2005-Clement et al. 2005)

(~0.3um (Billy et al. 2008) (x n'1?)

Usual speckle patterns are 2D: ¢,2>> /£,
We consider a 3D pattern with the same ¢, in each direction
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classical disorder

gquantum disorder

many s.p. bound states in
typical well of size /,

s.p. bound states only in rare wells
of size >> /_ or depth >>V,



= Connection with 3-correlated disorder

<V(r)V(r’)> _ 75(,. _ rr) assume I'(r) gaussian
‘7/ oC Vozfi‘

= Self-averaging

Huang and Meng 1992
Lopatin and Vinokur 2002
Falco et al. 2007

1/L3Id3r f[V(r)]: IdV P f (V) valid for large volumes L3

Example:

TD of a classical non-interacting gas

—— Classical gas with speckles
— 3/2kgT

typical values L=20-507,

2 3 4
kgT / Vg




Transition temperature: clean system (pilati et al. 2008)

PIMC simulations for hard- and soft-spheres
finite-size scaling up to N=10° particles
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Low-density limit
Kashurnikov et al. 2001
Arnold and Moore 2001

T.=T, [1+1.29(an1/3)]

PRL97 Griter et al. 1997
PRAO4 Nho and Landau 2004

More details in Sebastaino’s poster
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Effect of disorder on

the superfluid behavior




Transition temperature: disordered system

Canonical ensemble
(. is fixed : n¢ 3=0.24 such that n4n/3/3~1
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For larger values of V, the dependence on the realization becomes stronger
we perform the calculation in the grand-canonical ensemble




Classical percolation threshold

1 ;
Accessible volume: ®(E) =— jd3r=1—e ElVo

V(r)<E

D(E,) =D,

Mobiliy edge for classical particles:

2D speckles

@ =40%

Experimental:

Smith and Lobb 1979
Numerical :

Weinrib 1982

®=30% ®=50%

3D speckles

® =~ FE, ~0.002 compare with ®.=0.03 of Swiss-cheese model



Critical chemical potential

allc =1.6 x1072
allc=1.6x102 ]
allc =7.5x10"
allc=1.6x102 |

M kT = 0.26
A kT = 0.65
® kgT = 0.13
® kgT=0.13

classical percolation threshold

0 2 4 6 8 10 12
VO [‘h2/m€§ ]

« Scaling behavior: weak dependenceon T
and interaction (mobility edge)

« Large effects of quantum localization

Behavior of OBDM

L Vo=13[h¥m(2]
g = 1.05

o Wil = 0.975 \
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Critical density
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For large disorder n.>>n°
— exotic normal phase (Bose glass?)



Thermodynamics for large disorder strength

[ /<< n13 disorder is a small perturbation (Vozés N O)

E(Vo) :E(Vo :O)+Vo

A £.>>n"18 (¢=1/N(8nna) at low T) LDA can be applied

T=0 GP equation gno(r)=(ﬂ—V(r))9(ﬂ—V(r))

izati n
from the normalization ﬁ—l— —ulvy 1_|_g

condition Vo Vo

oif Vy>>gn  u=.2gnV,

« iIf u>E_ ny(r)>0 along a percolation path



T Hartree-Fock

2

1) elementary excitations  £(p,r) = éi+ V(r)— p+2g[n, (r) +n, (r)]
m

d’p 1
(272%)3 eg(p,r)/kBT_l

2) thermal component n,.(r) =j

3) normalization n=[d°r [ny(r)+ny(r)]

At low T lowest excitations live at the border of condensate lakes

2

e@.r)=2—+V ()~ p

their density of states as e—>0

g(e) c ¥’ mmmm EocT'? atlowT
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Evidence of 72 behavior at low T
Bose glass phase




Conclusions

Critical behavior at the superfluid-normal
transition with correlated disorder

iIf N/ 3=1 disorder has a large effect

= suppression of T,
= guantum localization
= Bose glass phase



Thank you for your attention!

The Trento team

| Come to isit us!
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Percolation in two-dimensional conductor-insulator
networks with controllable anisotropy

L. N. Smith™* and C. J. Lobb
Department af Physics and Division af Applied Sciences,

Harvard University, Cambridge, Massachusers (02138
(Received 18 January 1979; revised manuscript reccived 22 May 1979)

The conductivities of two-dimensional conductor-insulator networks generated photolitho-
graphically from laser speckle patterns have been measured. Isotropic networks with =450 000
statistically independent units show a percolation threshold f, =41% conductor and a critical ex-
ponent ¢ =1.30. Measurements on anisotropic networks and numerical simulations indicate
that either f,, f, or the size of the "asympiotic region" must vary with the degree of anisotropy.



Finite-size scaling
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Density profiles

T=32T T=16T,

c

“I




