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2-point function |X_)I(i/r|n_>oo(zp(x, T)*(x', 7)) = 1/ no(x)no(x’)
4-point function |X_)I(i/r|n_>oo|(w(x, ) (x', 7)) |2 = [no(x) + q(x)] [no(x) + q(x')]
Superfluid (SF) Bose-Glass (BG)
n(x) = no(x) + q(x) + nen(x) no(x) =0 q(x) = no(x) = 0

n(x) = q(x) + mn(x) | n(x) = nn(x)

Region: with respect to spatial coordinates
Phase: with respect to disorder strength or temperature
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Self-Consistency Equations
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— 1+ 2n(x) + V() — gmo(x) — — Qo) - mA] V/ro(o) = 0

_ on M N\ "/2 [a(x) + no(x)]
q(x) = DT (2 > < > [—H + 2gn(x) + V(x) — %QO(X)]Q_g

n
a1

Qu() =1 (12 ) (QZ_LQ)W it — p+ 2gn() + V(x) - %Qm(xﬂ

Matsubara frequencies wm, = 2mm/ (hS)
T. Khellil and A. Pelster, arXiv:1511.08882
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Thomas-Fermi Approximation (TF)

2

—u + 2gn(x) + = MQ"x" — gng(x) — — Q(x) — —A no(x) = 0, = 2ahw
p + 2gn(x) > gno(x) hO() 2M]\/o() g r

2/3
= __ 3 a _h
@ Energy scale i = hw, (2\/_N \/ o ) » | =1/ 7jg » coordinate scale Rpp =/ hQ' density scale

2 4 \1/3
€= 45— and £ = (h—>
TF

, dimensionless disorder strength D = 5
M<D

n =

0q [T

£3’

. ] 10 pH = 0.016 ]

@ °'Rb, N =10°, Q =27 x 50 Hz, ;
0.8 1

wr =27 X 179 Hz, and a = 5.29 nm I
0.6 1
@ Length scales: I, = MZ, = 806.04 nm, 040 ]
[ =152 um, £ = 45.6 nm, and R0 = 50.9 um 02i 7
Quasi one-dimensional regime: a < [, < |/ _ _
TF approximation: £ < RTFp 0.0 ‘_1_()‘7 ‘__‘__‘__OF,E-”"_F(;f)q_“"_()-g_‘_‘_-‘ J 1.0‘
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Methods

@ Numerical method

@ Gross-Pitaevskii equation for the ground state

IR UG + V(x) + 50T (u(x)| g(x) = 0

. ; ] 2
Gaussian correlation function D(x) = 2D X exp {— —2’;\2 }
\ £TT

@ Generating random potential U(x) = ﬁ Zﬁ;ol [An cos(kp x) + By sin(kp x)]
J. Majda and P. Kramer, Phys. Rep. 314, 237 (1999)

@ C program for solving time-(in)dependent Gross-Pitaevskii equation in 1D

D. Vudragovic et al., Comput. Phys. Commun. 183, 2021 (2012)

@ Particle density n(x) = 1(x)2, condensate density ng(x) = 1 (x)?
deviation q(x) = n(x) — ng(x)

Problem: TF-approximated and numerical results are not compatible

: variational method

@ Variational method

PN —0%% A . q (X) + fg (X .
o (5) = ae T, g (%) + 4(%) = v, Qo(x) = LT ()

Extremise F with respect to «, o, 7, 6, ¢, and 7
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Comparison of Analytical, Numerical, and Variational Results
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Isotropic 3D T =0

~

Isotropic 3D T =0 for d
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Quantum phase transition from superfluid to Bose-glass in agreement with

T. Nattermann and V. L. Pokrovsky, Phys. Rev. Lett. 100, 060402 (2008) d. = 0.115H
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Comparison of 1D and 3D

Comparison of 1D and 3D

1D

3D

QPT in homogeneous case

QPT in homogeneous case

qualitative agreement with Huang-Meng theory

qualitative agreement with Huang-Meng theory

Factor of 2+/2 discrepancy with Huang-Meng

Factor of +/2 discrepancy with Huang-Meng

p decreases with disorder strength

w increases with disorder strength

Tiny TF approximation disorder validity range

Larger TF approximation disorder validity range

TF and variational results disagree totally

TF and variational results agree qualitatively

Weak disorder: BG region at the trap border

Strong disorder: BG region at the trap center

BG region at the trap center

No QPT in weak and intermediate disorder regime

QPT in intermediate disorder regime

T. Khellil, A. Balaz, and A. Pelster, arXiv:1510.04985
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T. Khellil and A. Pelster, arXiv:1512.04870
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Isotropic 3D Finite Temperature

Isotropic 3D Finite Temperature (TF)

0.088, and a = 5.29nm

87Rb, N =10% Q =100Hz, T =60 nK , d =
1—|—§Xk— (v —k), x<O0

with Robinson expansion ¢ , (*) =T (1 — v) (—x)¥ ™
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