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Now widely controllable in cold Fermi atomic gases

A Optical latticec laser standing wave
I Bichromatidattice [Roatiet al.. Nature 453, 895 (2008)]
A Holographic potential imprinting in 2D
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Speckle potential for bosons

Trapped 1D Fermi gases Wt}bpl-dimbalance Billyet al: Nature 453, 891 (2008)
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Our motivation: what happens in 1D?

Quantum fluctuation suppresses true
long-range order (LRO) even fox0

Condensate can exist (algebraic dec
of pair correlation = quasi LRO)

Spatial distribution of orde *
parameter? FFLO? Study with

numerically exact

Is nonlocalized system method (DMRG)
alwayssuperfluidat low T?




(1) populationimbalanced case
Trapped 1D Fermi gases wpbpl. imbalance: ) ﬁensity difference)

Is condensate with pair momentum realized? | oscillates with
7 n o expiogX wave number 8
" o N cogay
8 Experimental realization \ T Ty
= Y-a. Liacet al.: ‘ ’ I\ l\/l ’,\I
~ | Nature 467, 567 (2010) T T
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\ state ) \_ state  /
Model: 1D Hubbard model (at low fillings=N/L~0.2)

with trapping potential
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Calculated ground state with DM R(g' L=64

0 (A%, Ust)=(6400/L°, -800/L)
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Discretization of the space
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. _ Kinetic energy
Confining potential -
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cf. optical lattice systems
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Pair correlation and density distribution
Palir correlation
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Pair correlation and density distribution

Pair correlation
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Conclusion: (1)

Population imbalance + harmonic trap

A Pairing LO (quas) condensate
A Phase separation@ Yes (LO at center) 9

Imbalance parameter P
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T T
A Upper limit in imbalanc® for £ 80 q=20ke "
condensation” not observed 2 ¥
= 2 60 F density ¥ .
[s) S difference x
c A o> ne-ny - ‘
g 2 LO condensate + equal-population e s 40 P 'l ,..."+ 3
(7)) condensates ;,-f:. = o N o*
= # 5 4 X 4 G=AKe
© 11 T .
= ¥ @ 20F i % : §
S % - & A o* correlation
Rt LO condensate + spin-polarized g e
s . normal gas (phase separation) i
< I& 0.1 0.15 0.2 0 At e
Imbalance parameter P 0 10 20 30 40
Wave-vector difference Akg
M. Tezukeand M. Ueda,
see also: PRL 100, 110403 (2008I1JP 12, 055029 (2010)

FeiguinandHeidrichMeisner. PRB 76, 220508R (2007); PRL 102, 076403 (2009) (Ladder);
LischerNoack andLauchli PRA 78, 013637 (2008atrouniet al.. PRL 100, 116405 (2008) (QMC)
Machida, Yamada, Okumui@hashj and Matsumoto: PRA 77, 053614 (2008);

Rizziet al: PRB 77, 245105 (2008); Machédal: PRB 78, 235117 (2008) 1



(2) Effect of disorder

L—1 L.—1
=ty G he)+U S g pin Optical lattice with orsite interaction

i=1.m i=(

L1 Introduce disorder by modulating
£ 2 Vi the site potential(n)

=l

w Speckle potential w Fibonacci potentiadBAABABA ...

¢ Alleigenstatesxponentially localizedg / NA G A OFt ANNBALISOUA
w L. SanchePalencieet al. PRL 98, 210401(2007) ¢ Vidalet al. PRL 83, 3908 (1999), PRB 65, 0142
w GarciaGarcia and Cuevas: PRB 79, 073104 (2009) (2001);Hida PRL 86, 1331 (2001)

1 Bichromatic potential V(n)t / cod2p mr+q)

Aubry! YRNB Y2RSt ¢ o0!'yyod LAND tKead {200
- norrinteracting :metal-insulator transitionl { t fof any filling

- Bose Hubbard (DMRG): Degipl: PRA 78, 013625 (2008); Rewal: PRA 78, 023628 (2008)

- Spinlesg-ermions : Chaves aigtija(ED, PRB 55, 14076 (1997)); Schuettat.(PBC DMRG,

PRB 65, 115114 (2002))
12



Formulation: Hubbard model
+ quasiperiodicsite potential
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A Ratio ofconsectiveFibonacci number8, golden ratio (=irrational number) &\ K
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Plot ofV(n) for L=145
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Populationbalanced case
What should happen?

A What comes between these limits?
I Does disorder enhance/suppress pairing?
I Different transition points?

C Let us check numerically

N

Insulating transition shoul
suppresssuperfluidity

Disorder

4 )

Weak attraction ( Strong attraction

many-body gap; (hard-core) bosons

long coherence length effective hopping +2/| U|
\ j \_ [Ghosakt al: PRB 65, Ol4501]j

{ Y I tsuperfluidstate | U|/>t
Attraction 14




How todetectpairinganddelocalizatior?

Pairing
Onssite pair correlation function < = = >
I,r
easy to calculate with DMRG G( ) I+ ® I+, (E'ﬁE',®
Depends on the site potentials of the site pair . _
Averaged equdiime pair structure factor P.! (Q G(I : r)
Sum of pair correlation for all lengths r i
C average over sites Increasing function af
cf. Hurtet al; PRB 72, 144513 (2005); If decay of correlation Is slow

Mondainiet al.. PRB 78, 174519 (2008)

Delocalization

Phasesensitivity requires (ant)periodiccondition[seee.g.Schusteet al. PRB 65, 115114 (2002) ]
Hard to calculate withibMRG (not open BC)

£ Q
1 -
Inverse participation ratio (IPR) a@ (<E>N+1 N-+1 N N)ZO
Add 2 atom€ How uniformly is the populatlon Increase dlstrlbutec

Comparebetween differentsystemsizes
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Pair structure factor Inverse participation ratio
indicator of global (quasi loaginge)superfluidity  indicator of atom delocalization
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Intermediate |U|

Tezukaand GarciaGarcia
PRA 82, 043613 (2010)

Pair structure factor

U=1":

Quasi longrange
pairingdisappears
0 <0.95) before
localizationo .<1.00)

Inverse participation ratio

1.2

0.6

Pairing enhanced

U=1 =90 —+—
[=234 —-x—-
[=378 --%--

by disorder T
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Tezukaand GarciaGarcia

Larger U‘ PRA 82, 043613 (2010)

Pair structure factor

U=6 :

Quasi longrange
pairingdisappears
at aroundlocalization , —
0<0.30) o S = e

Inverse participation ratio




