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Introduction

BEC : finite part of atoms in the state with minimal energy.
Examples: Superfluid *He, laser cooled atoms in a trap, SCs,
excitons in semiconductors, BEC of spin waves

Disorder:  Superfluid He in porous media (J.D. Reppy et al '92)
Cold atoms in speckle potential (R.G. Hulet et al. '08)
Disordered superconducting films (V.F. Gantmakher '09)

- Breakdown of superfluidity at strong disorder

Onset of Superfluidity in *He Films
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FIG. 3. T, is shown as a function of the coverage n. The curve is a fit to
the power law A(n — n,)", where w = 1.6 4+ 0.1 and n, = 313+ 1 pmoles.



Superconductor to insulator transition of InO, TiN, Bi, Be, high-Tc materials

In R, kQQ

3.9 4
i
3.6

0 0,5 1,0 1,5 2,0 25

0 / Oc 10°
Gantmakher et al. 2010 oL
Common believe: = 10" -
Cooper pairs survive in insulating phasel! = 10°F
10° F
4| ¢ »'M‘*.W“M"“"*‘*MW( ,
Giant negative magnetic resistance 0 lﬁw\*‘ WMWN
10° . ' '

10 15
B(T)



Part 1: superfluids



Classical particles
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Minimal model scattering length

H = /dSII;\IJT ( — [V + 47Tt\IfT\IJ] + U(X)) \

Random potential

(Ux)=0 (UXUK))=r"d(x—x)

Larkin length:

Two problems:

mean free path or extension of localized states

(i) architecture of the random energy landscape
(ii) fill the potential wells
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a=0: Density of states, search for the optimal fluctuation of random potential
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non-linear Schroedinger equation

I.M. Lifshitz '66,
Zittartz and Langer '66,
Halperin and Lax, 66
Cardy '78
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density of well with radius smaller than R:

nu(R) = [y dRV(R) ~ fgebe/R

Tunneling amplitude t(R) between
wells with radius <R :

t(R) = exp (— [ Iolar)
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Filling wells with particles (T=0)

(i) no interaction (a=0): all particles in ground state

(ii) non-zero interaction (a>0):

density of particles in well of radius R: ne
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Preliminary conclusions

= At n <« n_ Bose gas decays into fragments,
particle density in fragments each of density n.~1/(alL_ ?)

= tunneling exponentially suppressed:  t(h)~ e-<tne/m"/3
= particle number in fragments ~ L./a>1 well defined
= phase uncertain, no phase coherence = no superfluidity

= finite compressibility .Bose glass"

= charged bosons VRH | R(T)~ ™/M"" = Ty = Exng/n

For n~ n_ i.e. fragments merge — transition to superfluid
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Bosons in traps (uncorrelated disorder)

oscillator length {=(h/mw)2 (=~ 1000nm), Aw~ nK
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Bose gas in one dimensions
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Part 2: superconductors



Main difference: Particles are charged -> Coulomb interaction large in single well
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me?

-> one particle per well, screening of Coulomb interaction on larger scales

H = h—2[—V2 | ( Ck )2(1‘ x B)?] + Uy (r)
N ka | 2hc g .
Length scales magnetic length g = 4/ f—é

coherence length &

Lc,f = 16Lc,b Ef ~ 10_3Eb k = b, f

Cooper pair breaking at E, — A =2E+ — gupB



Optimal fluctuation of random potential for bosons and fermions, respectively

bosonic well boson in fermionic well fermionic well
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Variable range hopping

In R, kQQ
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