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Cuprates
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Charge Density Wave (CDW) with
the wavelength ~ 3-4 lattice spacing
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Quantum oscillations imply a closed Fermi surface.
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Phenomenology

Tight-binding model:
H = Z (t; = uy)c; ci,
ijo

Long-range ordering term:
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Model

Superlattice Hamiltonian: Intercluster interaction: Intracluster interaction:
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Cluster Perturbation Theory (CPT)

1) Exact diagonalization of the 3 states per site in t-J model (|0),[ 1),| 1))
intracluster Hamiltonian: 3% = 19683 states per cluster

Hj? = Z (fgj,; - /’léab)g;aagfba + JZ St S [19683 x 19683 ] matrix
ab

abo
XPt=|p)ql KN =
where | p) are the eigenstates of cluster. «—xK— » E| —

2) Transition to the new basis

0 _ PP P4 P4 int __ pr Pq
= 2" o= LN = P tae —> L THROXX
p abo pqrs

In the k-space the Hamiltonian takes the form:

H= Z Z e,()XP + % ) Th(k)XPIX;®
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Cluster Perturbation Theory (CPT)

3) Dyson equation DRI 15 8,) = ((XPUD) | X))
(D, )" = (D)™ = T(k) Gy af, 1:08.1) = (€], (D c1)))

(XPP 4 X99)

w+E,—E —H

(D O)];sq (a)) = 5ps5rq

restored electron Green function: G (K, w) = Z Z yggygge"'k(ri‘rj)Dg‘l(k, )
ab pqrs

1 . .
spectral function: Ak, ) = — — 111(1)1+ (ImG(k,  + p + in))
]/I—)

(

GB RAM Calculation time:

3x3 cluster: ~28 2-20 hours

4x4 cluster: ~138 060 762  at least 1000 years
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Charge density wave

) 0, = 27(Q.0)
(n)(F) % (n)g + A,(cos(Q,x) + cos(Q,))

Q, =27(0,0)
We pin the length of CDW modulation vector

Checkerboard pattern: 0~ 0.31 in YBCO

v |.c'r:>'s(Q‘.x') +cos(Q'y)

y (a)

x (a)

R. Comin et al., NMat 14, 796 (2015) J. Chang et al., NPhys 8, 871 (2012)



Fermi surface reconstruction
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Fermi surface reconstruction

A Hole pockets?
?U 0)
K.M. Shen et al., Science 307, 901 (2005) N. Harrison and S.E. Sebastian,
PRB 92, 224505 (2015)
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PG vs FL. behavior
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CDW gap

Band splitting
Strong Coulomb
repulsion leads to the
gap opening
Value of the gap is linearly depends on U Electron-like Hole-like
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Fermi surface structure

5PV < anisotropic gap < 65V
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Conclusion

- The CDW Fermi surface reconstruction is reproduced:
- with taking into account the strong Coulomb repulsion.
- without including any long-range ordering term.

- Both the he electron pocket alone or in the company with the two hole-
like pockets are present in different doping regime.

- A whole evolution of the Fermi surface in underdoped cuprates was
reproduced.

Thanks for your attention!



