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- Charge stripes in hole-doped cuprates

- Dynamical density-matrix renormalization group
(DDMRG) calculations of dynamical spin and charge
structure factors for a 24x4 t-t-J ladder

- Comparison with RIXS experiments and some implication
for electron-doped cuprates

T.T., M. Mori, and S. Sota, Phys. Rev. B 97, 235137 (2018)

- Effect of dimensionality on dynamical spin and charge
structure factors

- RIXS in one-dimensional extended Hubbard model



Schematic diagram of stripe order in
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Review: M. Fujita et al., J. Phys. Soc. Jpn. 81, 011007 (2012)



Spin dynamics in stripe-ordered hole-doped cuprates: experiments

Inelastic neutron scattering  Resonant inelastic x-ray scattering
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Ground-state properties in the 1/8-hole-doped 12x4 t-t'-J ladder
Jt=0.35
| d-wave paring
charge density correlation

1.0

0.01

0.8

. 0.6

0.4 }

02 0.00 [ F=A-a—u—g-
0 5 10 2 4 6 8

S. White and D. J. Scalapino, PRB 60, R753 (1999)



t-t-J model
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Hole-doped four-leg t-t'-J ladder gives a charge-stripe order
S. White and D. J. Scalapino, PRB 60, R753 (1999)

We calculate dynamical spin and charge structure factors

1 . 1 .
S(g,@)= e Im(0|S?, o H TE D S 10)
1 1
N (q’a)) o _; Im<0| N—q o — HU 4+ Eo + |]/ Nq |O>
24x4 t-t-J ladder Ji=04
X (leg) direction - open boundary t/t =-0.25

y (rung) direction - periodic boundary

Dynamical density-matrix renormalization group (DDMRG)

T.T., M. Mori, and S. Sota, Phys. Rev. B 97, 235137 (2018)



Dynamical charge structure factor in the 24x4 t-t'-J ladder
hole doping y—1/12 x=1/8 Xx=1/6

24x4 t-t-J hole x=8/96=0.083, m=4000, y/t=0.08 24x4 t-t'-J hole x=12/96=0.125, m=4000, y/t=0.08 24x4 t-t'-J hole x=16/96=0.167, m=4000, y/t=0.08
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Minimum-energy position is close to g,= n(1- 4x) as expected from stripe order.
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Dynamical spin structure factor in the 24x4 t-t'-J ladder

x=1/8 X=1/6

24x4 t-t-J hole x=8/96=0.083, m=3000, y/t=0.08 24x4 t-t-J hole x=12/96=0.125, m=3000, y/t=0.08 24x4 t--J hole x=16/96=0.167, m=3000, y/t=0.08
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Dynamical charge and spin structure factor in the 24x4 t-t'-J ladder
hole doping y—1/12 x=1/8 x=1/6

24x4 t-t-J hole x=8/96=0.083, m=4000, y/t=0.08 24x4 t-t'-J hole x=12/96=0.125, m=4000, y/t=0.08 24x4 t-t'-J hole x=16/96=0.167, m=4000, y/t=0.08
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- A step structure at the charge order vector g, for x=1/8 and 1/6
- strong coupling between charge and spin; ferromagnetic coupling across the stripes
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Dynamical charge and spin structure factor in the 24x4 t-t'-J ladder

electron doplgl((‘:;__lll2

24x4 t-t'-J electron x=8/96=0.083, m=4000, y/t=0.08
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Doping dependence of magnetic excitation by RIXS
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M. Le. Tacon et al., Nat. Phys. 7, 725 (2011); K. Ishii, M. Fujita, T.T. et al., Nat. Commun.
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Dynamical spin structure factor in the t-t'-J model
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Charge stripes from 4-leg to 8-leg ladders
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absorption process | _ emission process
(=XAS) Intermediate state (=XES)
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RIXS for cuprates
Cu?*: 3d° 1 hole on x?-y? orbital with in-plane spin orientation
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Incident-photon energy o; dependence of RIXS intensity
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One-dimensional extended Hubbard model
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RIXS for spin-flip process and S(q,o)
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RIXS for non-spin-flip process and N(q,»)
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non-spin-flip
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Summary

V1 RIXS, S(g,m), and N(q,») with charge-stripe order

T.T., M. Mori, and S. Sota, Phys. Rev. B 97, 235137 (2018)
hole doping: stripe order in the ground state

- “hourglass” in S(q,®)
- A step-like behavior with S(q,®) along (0,0)-

(m,0)
electron doping: weak stripe order in the ground state

- A downward behavior in S(g,») along (0,0)-(r,0).
< itinerant nature in strong antiferromagnetic correlation

¥ Dimensionality effect on S(q,®)
- Weakening of charge stripe - change of “hourglass” behavior
T.T., S. Sota, S. Yunoki, in preparation

V1 RIXS in 1D extended Hubbard model
- Comparison between CDW and singlet superconducting phases

K. Tsutsul, T. T., in preparation



