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‘ Fermionic Cold Atoms '

e Fermionic cold atoms with spin S = N — 1/2. Ex: YK, with S = 9/2 or
132Cs, 9Be, 13"Ba with S = 3/2.

25+ 1=2N states cl, a = S, ..., +S
e Model Hamiltonian — all possible even spin J pairings:

a,f3
P}m = C((JM;CLCE

H = _tZ(CI+1,aciaa+HC)+ Z UJZPi]:JMPi,JM

J=0,..2N—2 i, M




‘ Spin 1/2 and the Hubbard Model I

e J—0 singlet pairing: PiT,oo = CI 1/20;[ —1/2

o Uy < 0, coexisting SUPRA and 2k, CDW instabilities:
- Ocpw (x) = e*krd 2o C;,acj,oz

- Osup(z) = 62,1/26;'[,—1/2
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Spin 3/2 I

e 4 states ¢, o = £3/2,£1/2
e Both J=0 and J=2 pairings:
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Symmetry Analysis I

e U(1) Charge (density) with N => .

1, za 104

SO(5)

e SU4)=LdN with [£,L] € L,[L,N] €N and [N, N] € L

o N = Zcza o 5Cip a=(1,..,5)
o L% = —j/2[N? NP € SO(5)

H_—tz el 1 oCia + HO) +U/QZ +VZZ (N{)? + Cte
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e SO(5): [, LI H] =0




Conserved Charges I

e SU(4) embeding — 3 Cartans generators:(S*, o, 7)

e Spin &% = Zi(%ni,g/g - %ni,_g/g + %n¢,1/2 - %nz’,—l/2)

e Pseudo Spin o = % > i(Nig/e —ni _3/9+MN;1/9 — Ny —1/2)

e Pseudo Orbital 7 = % > i(nis/e+n; 379 —MNi1/9 — N _1/2)
:;[,acz',a

e S and o are 2 SO(5) Cartans.

Where n; o, = c

e Pseudo Orbital 7 is not conserved.




Weak Coupling and Continuum Limit I

Generic fillings — Spin-charge separation
e Charge-Density: Luttinger Liquid
e Spin sector: SO(5) ® Z5 Gross-Neveu Model:

Hs = Hsua), + 9||LcébLCLLb + g1 NgNT
gy =Uo+ Uz, g1 =3Uz — Uy

® g = gL < Uy = Uy, SU(4) symmetric
e SU(4)=L® N with [L,L] € L,[L,N] € N and [N, N] € L.

o [L,H] =0=SO(5)
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g1

¢ [g| <2 — Weak coupling Regime
e Dynamical Symmetry Enlargement (DSE) of SU(4) : 9]

Renormalization Group I

Neglect velocity anisotropy —

4(g) —2)°

g1 (97 —29))
vy (91 +2)
g/2mv
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gl
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Normal SU(4) CDW Phase I

SU(4) Gross-Neveu Model

Hy = Hsu(a), + g (LYLY + NgNy)

o 2kr CDW instability: | p, # 0 ps =0

e Pseudo-Orbital 7 = [(7z + 71,) becomes a good quantum number

e Excitations : m: : and /2 m :
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‘ Dual Superfluid SU(4) Phase I

Dual SU(4) Gross-Neveu Model

H; = Hsu(a), + 9*([1%)1?%[) — Nz NT)

® 75 Duality : N — N, N — —N},91 — —¢g1

® ps < pn, Singlet Superfluid instability: | ps 0 p, = 0

e Pseudo-Orbital current 7 = [(7z — 71,) = Chiral Superfluid
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‘ Quantum Ising transition and spectral cross-over I

e Quantum Ising transition on the Z5 self-dual line g, = 0 < Uy = 3U5

e In the quantum critical region the SU(4) spectrum split:

eml |=S=3/2— mg

e V2 m :>(S:O)+(S:2)—>m0<m2

e my — 0 singlet bound states condense
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‘ Response Functions and Phase Coherence I

Hext — ZM@NZ‘CL

® UT = M% Zi(ni,S/Q TN —3/2 — Nj1/2 — "%',—1/2) , <1 >=0E(n)/op
e Normal CDW Phase | <7 >~ 0

e Superfluid Chiral Phase | <7 ># 0

- [(7r — 71) is conserved: |7, ®] = ,P is locked

e In the quantum critical region | Z(mg) = 0°E(u)/0u* ~ log |my|
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Concluding Remarks I

Spin 3/2 Superfluid and Normal CDW phases are dual. They are
separated by a quantum phase transition of the Ising type.

Superfluidity is of chiral nature.

Spins S = N —1/2 ; N > 2 = SU(2N) embeding. Superfluid and CDW

phases are dual with quantum phases transtions in between.
Need a Numerical check

These properties could be possibly observed in experiments.
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