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Introduction: ultra cold fermi gas

Controllability to unusual degree of freedom

configuration of trap potential (harmonic trap, optical lattice )
multi-component

population imbalance (spin imbalance)
Interaction strength (repulsive to attractive)

Superfluidity of two component fermi gas
BCS-BEC crossover PS SF PS
FFLO state

Phase separation of polarized component in trap
potential

Two component fermi gas in harmonic
A. E. Feiguin and F. Jeidrich-Meisner Phys. Rev. B. 76, 220508(R) (2007). trap potential

Masaki Tezuka, and Masahiko Ueda, Phys. Rev. Lett. 100, 110403 (2008).




Introduction: optical lattice

Optical lattice: periodic potential created by laser beams

multi-band(p-band)

Phys. Rev. Lett. 99, 200405

Experimentally atom gas with p-band is achieved (2007
Nature. Phys, Vol7, 147, (2011)

Various phenomena are expected Phys. Rev. B 77, 174431 (2008)
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Multi band Superfluidity

~

(Orbital order, magnetization with high spin etc....)  Phys. Rev. Lett, 100, 200406 (2008)
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Multi-band effects of attractive fermi gas in 1D optical lattice
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Model and Formulation

p-orbitals tight binding Hamiltonian with ~ Upp, Up,p, < O
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DMRG study

 Without spin imbalance




Result (without spin imbalance)

Open boundary condition charge gap: Ec = E(N+ 1) + E(N— 1}) - 2E(N)
0.06 : : . .
Total lattice site number: L = 100 0.05 | (a) qan
Filling rate: # = > npio/2L (0 <7 < 2) 0.04 |
Dyt.o .
Inter-band interaction: Upp/t = —10 E 0.03
Intra-band interaction: Up,p, /t = 4Upp/9 0.02 |
. 0.01 | ]
Spin | P = ZE(%,T,@' —np i) =0 0 l— /. X s
imbalance: " 0 02 04 06/ 08 I
n
Effective Hamiltonian (large U limit) charge gap
1-D pseudo spin 1 XXZ model ~ Haldane phase gapless
spin gap excitation
Hetr = Jex Y. ( (=) (z) p§+) (- )/2) — > 2ppf edge 1/2 spin
<2,)> i Phys. Lett. A 93, 464 (1983)
hys.Rev. Lett. 59,
ﬂJ—seudo spin 1 Operaa\ , T Phys.Rev. Lett. 59, 799 (1987)
(+) _ ; 0=+ \bpp| + |{"P,rTJy|
Py = ZC;),T,?ZCP,J,JZ 2 -
g2 Haldane insulator phase
o) = [ Jox— 2" _
Pr Upp| + 1Unyp, | pseudo spin gap
o = IZ)(;ﬂp.a,i —1)/2 —charge gap
K ' / edge pseudo 1/2 spin
—gapless excitation at the edges




Result (without spin imbalance)

Absolute value of Fourier transformation of 500
density fluctuation P —10 “
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K Spin 1 Heisenberg model with magnetic field J
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Result (with spin imbalance)

: density profile spin density profile
S N P = F i) = 12 . . . .
inf’halgnm_ g(”pm Tp,L.i) np (i) + ny (i) g (i) = ny (i) eeeeeenesee
3 (?? — 1.8 (b) —
o5 =099 N =105, N =93 1.6 7 =0.6 N; =66, N =54 |
1.4
2 x “ ww\ﬂ 1.2
1.5} deformation of edge (1) s |
1| Etageel like oscillation | 0.6 Friedel like oscillation
0.5 Akg, = (n/L) Z(ﬂp,m — N 1) | 0.4
0.2 ... .. .
0 ----------------------------------------------------

P e

0O 10 20 30 40 50 60 70 80 90 100
0.8 (d) : : : : : :
0-7_7’),—02 NT:26,N1214_
0.6 |
0.5
0.4
0.3}

0.2 |
0.1

0O 10 20 30 40 50 60 70 80 90 100 0O 10 20 30 40 50 60 70 80 90 100
7) 7)

Strong phase separation of polarized component without trap potential



Result (with spin imbalance)

Effective Hamiltonian with spin imbalance (large U limit)

J
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Transfer energy of unpaired fermion is reduced

unpaired fermion tend to form low (or high ) density region



Result (with spin imbalance)
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Result (effect of harmonic trap potential)

Multi-band Hamiltonian + harmonic trap potential
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Summary

1D p-orbitals fermi gas with attractive interaction

Various quantum phase

Haldane insulator phase

Luther-Emery phase

Friedal oscillation of density and spin density profiles

Strong phase separation of polarized component with out trap potential

Effect of trap potential

Various phase can coexist by controlling filling rate, strength of trap
potential and spin imbalance rate.
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