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STRIPE PHASES

• 1D domain walls of holes which separate AF domains of opposite phases.

• they might be:

site-centered centered on rows of metal atoms

bond-centered centered on rows of oxygen atoms bridging two metal sites

• their shape and properties are material dependent



TYPICAL MATERIALS

• La2−x−yNdySrxCuO4, La2−xSrxCuO4

• superconducting above x ' 0.06

• Qs = π(1 ± 2ε, 1), Qs = π(1, 1 ± 2ε)
with ε ' x for x ≤ 1/8

• half–filled vertical/horizontal stripes
(0.5 hole per Cu atom in a domain wall)

• 3d9: Cu2+ (S = 1/2), Cu3+ (S = 0)
⇒ orbital degeneracy is absent

• quantum fluctuations important

• proper treatment of strong electron
correlations required

• La2−xSrxNiO4, La2NiO4+δ

• insulator up to x ' 1

• Qs = π(1 ± ε, 1 ± ε)
with ε ' x for x ≤ 1/3

• filled diagonal stripes
(one hole/Ni ion in a domain wall)

• 3d8: Ni2+ (S = 1), Ni3+ (S = 1/2)
⇒ orbital degeneracy

• more classical

• Hartree approach should capture
the physics of the nickelates



EXPERIMENTAL SIGNATURES OF STRIPES: CUPRATES

La2−x−yNdySrxCuO4 (Nd-LSCO)
La2−xSrxCuO4 (LSCO)
La2CuO4+δ (LCO)
La2−xSrxCu1−yZnyO4 (Zn-LSCO)
YBa2Cu3O6+δ (YBCO)

Summary of experimental data illustrating the doping dependence of incommensurability ε in the cuprates. In LSCO,
ε has been defined as a distance from the IC peak position to the AF wave vector (1/2, 1/2) either in the orthorhombic
(x < 0.06) or tetragonal (x > 0.06) notation, whereas at x = 0.06, both definitions are used due to the coexistence of
diagonal and parallel to the Cu-O bonds spin modulations.



EXPERIMENTAL SIGNATURES OF STRIPES: NICKELATES

Summary of the results for La2−xSrxNiO4 (filled circles), Nd2−xSrxNiO4 (diamonds), and La2−xSrxNiO4+δ (empty
circles) for different net dopant induced hole concentration nh = x + 2δ dependence of: (a) transition temperature for
a checkerboard-type charge order (T C

CO) as well as a stripe-type charge (T IC
CO) and spin (TN) order, and (b) incommen-

surability ε, after Kajimoto et al., Phys. Rev. B 67, 014511 (2003).



FINGERPRINT OF STRIPES ?

(a) chemical potential shift ∆µ:

La2−xSrxCuO4

Ino et al., Phys. Rev. Lett. 79, 2101 (1997).

La2−xSrxNiO4

Satake et al., Phys. Rev. B 61, 15515 (2000).

(b) ARPES spectra: La2−xSrxCuO4 A. Ino, et al., Phys. Rev. B 62, 4137 (2000).



SLAVE-BOSON APPROACH

• single-band Hubbard model with the next-nearest-neighbor hopping t′
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• remedy: choose a proper unit cell
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. (b) Diagonal
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• in the reciprocal space representation one can reduce a large original fermionic matrix
into decoupled submatrices, which gives a considerable time gain during numerical
diagonalization



Influence of electron correlations on SC stripe profiles (U/t = 6, x = 1/8)
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Influence of the next-neighbor hopping t′ (SBA: U = 12t, x = 1/8)

SB free energy of various phases
at temperature βt = 100 on

a 128 × 128 cluster

t/t′ phase F/t
0.0 PM −0.5040

HDSC −0.5339
AF −0.5393

HVSC −0.5689
VSC −0.5751
DSC −0.5821

−0.3 VSC —
PM −0.4822
AF −0.5341

HDSC −0.5534
DSC −0.5655

HVSC −0.5749

SB band structure of the HVSC stripe phase
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Doping dependence of the vertical stripe ground state (SBA: U = 12t )

SB ground state free energy of
the VSC and VBC stripes (t′ = −0.15t)

VSC VBC
x d F/t d F/t

0.050 11 −0.4263 11 −0.4263
0.055 10 −0.4360 10 −0.4359
0.060 9 −0.4456 9 −0.4455
0.070 8 −0.4649 8 −0.4648
0.080 7 −0.4841 7 −0.4840
0.090 6 −0.5034 6 −0.5032
0.100 5 −0.5225 6 −0.5224
0.120 5 −0.5607 5 −0.5607
0.140 4 −0.5985 4 −0.5983
0.160 4 −0.6342 4 −0.6342
0.180 4 −0.6671 4 −0.6670
0.200 3 −0.6978 3 −0.6983
0.250 3 −0.7682 3 −0.7689
0.300 3 −0.8242 3 −0.8245
0.350 2 −0.8627 3 −0.8605
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Systems with orbital degeneracy

• Hamiltonian for eg electrons: |x〉 ∼ |x2 − y2〉 and |z〉 ∼ |3z2 − r2〉

H = Hkin + Hint + Hcf

• kinetic energy
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• electron-electron interactions
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• crystal-field splitting between |x〉 and |z〉 orbitals along the c axis
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Doping dependence of the BC stripe ground state (HA: U = 8t, JH = 1.5t)
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Half-filled BC stripes (U = 8t, JH = 1.5t, Ez = 0, x = 1/8 )
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• intraorbital double occupancy
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• interorbital double occupancies
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Half-filled vertical BC stripes (U = 8t, JH = 1.5t, Ez = 0, x = 1/8 )

Hartree band structure
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SUMMARY

• our goal was first and foremost to understand the properties of stripe phases and to
determine the reasons of differences between the doped layered cuprates and nicke-
lates

• we have developed a simple but powerful approach which allows one to investigate
stripe phases with a large unit cell and carry out the calculation on large (∼ 100×100)
clusters

• it allows to obtain unbiased results at low temperature βt = 100 and to eliminate the
role of finite size effects

• stripe phases found in the present approach are stabilized not due to particular bound-
ary conditions but they represent a generic tendency of doped strongly correlated elec-
tron systems

• adequate description of half-filled vertical stripes in the cuprates involves a proper
treatment of strong electron correlations in the t-t′-U model

• filled diagonal stripe phases observed in the nickelates are a generic feature of the
model with two eg electrons


