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Outline: • Properties of CeCoIn5

• Landau levels in magnetic field
• Angular magnetoresistance, application to CeCoIn5 and high Tc SC



Properties of CeCoIn5

Similarities with high Tc superconductors:

• quasi-2-dimensional structure (tetragonal)

• d-wave SC
• proximity of AF
• presence of non-Fermi liquid phase
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Angular dependent magnetoresistance in CeCoIn5
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Angular dependent magnetoresistance in Y1−xPrxBa2Cu3O7
(x=0.32, Tc0=55 K)
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UDW Hamiltonian:

H =
′

∑

k,σ

[

ξ(k)(a+

k,σak,σ − a+

k−Q,σak−Q,σ) + ∆(k, σ)a+

k,σak−Q,σ + ∆(k, σ)a+

k−Q,σak,σ

]

.

〈a+

k,σak−Q,σ〉 ∼ ∆(k, σ): non-local interaction (on site and direct Coulomb, exchange, pair-hopping and
bond-charge). The spectrum:

E±(k, σ) =
ξ(k) + ξ(k−Q)

2
±

√

(

ξ(k) − ξ(k− Q)

2

)2

+ |∆(k, σ)|2

wavevector dependent gap=unconventional, 〈m(Q)〉 = 0, 〈n(Q)〉 = 0, “hidden-order”.

The thermodynamic properties are identical to that of d-wave SC.
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Effect of magnetic field

1. Landau levels, continuum model:

H =
∫

dr
∑

n=1,2 (−iv [R+
n ∂xRn − L+

n ∂xLn] + iv⊥(−1)n [R+
n ∂yRn − L+

n ∂yLn] − i∆b [exp(iϕ)R+
n ∂yLn + exp(−iϕ)L+

n ∂yRn])

[

−iv∂x − iv⊥∂y + v⊥exB cos(θ) ∆b exp(iϕ)(−i∂y + exB cos(θ))

∆b exp(−iϕ)(−i∂y + exB cos(θ)) iv∂x + iv⊥∂y − v⊥exB cos(θ)

]

Ψ = EΨ

EΨ = (−iva∂xρ3 + ∆ceBx cos(θ)ρ1)Ψ,

⇒ En = µ ±
√

2nva∆ce|B cos(θ)|

In quasi 2D: En = µ ±
√

2n∆ceB|va cos(θ) − v⊥ sin(θ)|
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2. Conductivity:

σ =
∑

n

σn

cosh2(βEn/2)
,
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Angular dependent magnetoresistance in CeCoIn5
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Angular dependent magnetoresistance in Y1−xPrxBa2Cu3O7
(x=0.32, Tc0=55 K)
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Conclusions

• non-local interactions

• transition is metal to metal instead of metal to insulator

• In magnetic field: Landau levels, particles living around nodes dominate the low-T high-H be-

haviour, gapped excitations

• The pseudogap (non-Fermi liquid) phase of CeCoIn5 is well described by quasi 2D UDW

• The ADMR in pseudogap phase of high Tc is consistent with 2D UDW
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