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Non-Fermi liquid (NFL) phases of 2d itinerant electrons
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ρ = k2
F /4π

〈c†kck〉
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ΨFF (ri↑, ri↓) = det[eiki·rj↑)] det[eiki·rj↓)]

ΨG = PG[ΨFF ]



ψf (ri↑, ri↓) ψb(Ri)

Ψ ≡ ψf (riα) × ψb(Ri → riα)

cσ = bfσ



ψf = det[eiki·rj↑)] det[eiki·rj↓)]

ψBEC
b = e−

P
i<j u(Ri−Rj) cσ = 〈b〉fσ ∼ (const)fσ

ΨFL = ψFF
f × ψBEC

b

ΨNFL = ψFF
f × ψBoseMetal

b
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b = d1d2 ψb = det1 × det2

ψDBM = detx × dety

cα = bfα = d1d2fα





ΨMetal
dxy

= det
x

[eiKi·Rj ] · det
y

[eiKi·Rj ] × det[eiki·rj↑ ] · det[eiki·rj↓ ]
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cα = fαdxdy
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DMRG Energy, Lx = 12, Nelec = 8
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d-wave metal
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Satisfies Luttinger s Theorem: the volume enclosed by the “Fermi 
surface” yields the particle density.    (16 particles, singlet, 8 up and 8 
down)

s Luttinger s Theorem: the volume enclosed by the “Fer
” yields the particle density.    (16 particles, singlet, 8 up





Electron Momentum Distribution Function: K = 2.0

momentum kx ( 2π
48 )
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cα = fαdxdy





b = dxdy

cσ = dxdyfσnMFT
c (k) = ndx

(k) ⊗ ndy
(k) ⊗ nf (k)

nMFT
b (k) = ndx

(k) ⊗ ndy
(k)

nb(k)



≈
−π π

kx

nb(k) ñb(k)

nc(k) ≈ ñb(k) ⊗ nf (k)
nf (k) = Θ(Kf

F − |k|)



−π π
kx

nc(k) ≈ ⊗
−π πkf

F

nf (k)

nc(kx, ky = 0)

kx kx

nc(kx, ky = π)

ñb(k)



Electron Momentum Distribution Function: K = 2.0

momentum kx ( 2π
48 )
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In     , enhanced singularities are predicted by the
     gauge theory at various           wavevectors.









ΨMetal
dxy

= det
x

[eiKi·Rj ] · det
y

[eiKi·Rj ] × det[eiki·rj↑ ] · det[eiki·rj↓ ]

detx = |detx|sgn(detx) → |detx|γxsgn(detx)

dety = |dety|sgn(dety) → |dety|γysgn(dety)
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(∂εα/∂k)kF α(r̂) = (const)r̂





In     , an enhanced singularity is predicted by 
the gauge theory at                             .




