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Neutron scattering experiments on Lay_,Sr, CuOy (LSCO) have revealed the
incommensurate antiferromagnetic peaks do not lie exactly on the symmetry
azes (qp = *m and q, = £m), but are slightly shifted from them. In this
paper, a scenario is presented for such ‘shift’ in terms of the anisotropy of
t' (next-nearest-neighbor hopping integral on the square lattice) in the slave-
boson scheme of the two-dimensional t—J model. Since the predictions of
the present theory are different from those based on the ‘spin-charge stripes’
hypothesis, further studies of the ‘shift’ may clarify the factor responsible for
the incommensurate antiferromagnetic fluctuations in LSCO systems.

1. INTRODUCTION

It is well known that Lag_,Sr,CuOy4 (LSCO) shows the incommensurate
(IC) antiferromagnetic correlations, which are observed as four peaks around
(7, ) in the neutron scattering experiments.! As an origin of such IC corre-
lations, mainly two scenarios have been proposed: (i) charge-stripes forma-
tion or their fluctuations,? and (ii) fermiology of the quasi-one-dimensional
(q-1D) Fermi surface (FS).*»* Although two scenarios provide different con-
cepts for the understanding of LSCO systems, the discrimination between
them has not been successful experimentally.

Recently, elastic neutron scattering experiments have revealed the ‘shift’
of IC peaks:>® the IC peaks do not lie exactly on the symmetry axes,
¢, = £m and g, = £, but are slightly shifted from them. This ‘shift’ can be
argued in terms of (i) the slanted charge stripes from the ‘spin-charge stripes’
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viewpoint or (ii) the anisotropy of ¢’ (the next-nearest-neighbor hopping
integral on the square lattice) from the fermiology viewpoint.® It should
be noted that the prediction from the latter viewpoint — the ‘shift’ will be
absent in the low-temperature tetragonal (LTT) structure — is confirmed
quite recently for Laj g75Bag.125—5Sr;CuOy4 system.”

In this paper, from the fermiology viewpoint we investigate in detail the
‘shift’ of the IC peaks in the slave-boson scheme of the two-dimensional (2D)
t—J model, and discriminate between the present theory and that based on
the ‘spin-charge stripes’ hypothesis. Further studies of the ‘shift’ of IC peaks
may clarify the factor responsible for the 1C correlations in LSCO systems.

2. MODEL and FORMALISM

As a model of high-T; cuprates, we take the 2D t—J model on the square
lattice:

H= =3 (tefl bibl fio + 0 fL001 50 ) + 30 18- 8 (1)
b (i)
Z f;rgfia + b;'rbi =1 at each site i. 2)

fio (b;) is a fermion (boson) operator that carries spin o (charge e), namely
we adopt the slave-boson scheme. ¢, (¢.) is the hopping integral between the
(next) nearest-neighbor sites, and 7 = r; —r;. J-(> 0) is the superexchange
coupling between the nearest-neighbor spins. The constraint (2) excludes
double occupations at every site.

Introducing the mean fields, x, = 3, fiTngTU), <b;rbi+7> and A, =
(fi1fitr1 — fi1fi++1), where each is taken to be a real constant indepen-
dent of lattice coordinates but allowing 7-dependence, and loosing the local
constraint (2) to the global one, we obtain the mean-field Hamiltonian. As-
suming the boson to be condensed at the bottom of its band, we investigate
the fermion part described by

Hye =Y el Sko+ 286 (Fp Sl ¥ i k)

k.o k
where
3 3
§p = —2 [(ta,é + gjxxx> cosk, + (ty(S + gJyXy> cos ky
+ 10 cos(ky + ky) + '8 cos(ky — ky)} — (4)

and Ay, = —3(J,A, cosky + JyAy cosky). Here § (u) is the hole density
(chemical potential), and the subscripts, || and L, indicate that 7 is parallel
to [110] and [110] (tetragonal notation), respectively.
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Fig. 1. g-dependence of Imyx(q, w) at w=T=0.01.J for v = 1(a) and 0.8(b).
On the g-plane, the contour lines are drawn to show the peak position clearly;
the dashed line is the symmetry axis g, = w. In the inset, the scanned g-
region is shown schematically by the hatch.

As shown in refs.,>* the magnetic excitation in LSCO systems is well
understood in terms of the q-1DFS.%? To reproduce the q-1DFS that is
consistent with the angle-resolved photoemission spectroscopy,'!? we intro-
duce the spatial anisotropy® as t, = t, t, = t(1 — 3.78tan?0), J, = J and
Jy = J(1—"7.56 tan? §). The parameter 0 is determined to fit the FS around
(m, 0) to the observed FS. We also include the possible coupling to the low-
temperature orthorhombic (LTO) lattice distortion where CuQOg octahedra
tilt around the [110] axis, and introduce the anisotropy into ¢’ as t’H =t
and ¢, = ~t' (y < 1). This anisotropy leads to the ‘shift’ of IC peaks as
seen later. Setting ¢/J = 4 and '/t = —1/6, we determine the mean fields
self-consistently for each value of # and ~.!!

The dynamical magnetic susceptibility x(q, w) is calculated in the

‘ ) _ xo0(q,w) : : :
RPA’, x(q,w) = (@0 @o) Here x¢(g, w) is the irreducible part,
J(q) = 2J(cos g + cosgq,) and we introduce a numerical factor r for con-
venience. While » = 1 in the RPA, we use r = 0.35 to avoid magnetic

instability until §<0.02, in accordance with the phase diagram of LSCO.

3. RESULTS

We calculate Imyx(g, w) at low w(= 0.01J) and low temperature (7' =
0.01J) where the d-wave singlet order'? is realized. Figures 1 (a) and (b)
show Imy(q, w) around the IC peak at (m, 7 — 27n) for v = 1 and 0.8,
respectively; the contour lines are drawn on the g-plane to show the peak
position clearly. For v = 1, the IC peak is located on the symmetry axis
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Fig. 2. (a) y-dependence of An for 6 = 0.15. (b) d-dependence of An for
~v = 0.9. The similar plots for fy (the unit is degree) are shown in the insets.

g, = m. As the anisotropy, measured by 1 —, is introduced, the peak shifts
away from the symmetry axis to ¢ = (7 + 27 Ay, ™ — 27n) without changing
the overall structure of Imx(q, w). (The value of n changes slightly.) The -
dependence of A is shown in Fig. 2(a). It is seen that the degree of the ‘shift’
is proportional to the anisotropy of ¢, namely An o« 1 —+. In Fig. 2(b), the
d-dependence of An is shown for v = 0.9. The value of An does not change
appreciably with 0. In the insets of Figs. 2(a) and (b), we also plot the
quantity, fy = tan—! %1, which is often discussed experimentally. (Note

that 1 has appreciable §-dependence.®*)

4. DISCUSSION AND CONCLUSION

We now compare the present results with the experimental data.>7
Since the anisotropy of ¢ will come from the possible coupling to the LTO
lattice distortion, the ‘shift’ is expected only in the LTO or the Pccn struc-
ture, and the degree of the ‘shift’ increases with the orthorhombic distortion
(Fig. 2(a)). This is consistent with experiment.” The direction of the shift
(Fig. 1(b)) is also consistent with experiments.””" The observed values of
the ‘shift’, Oy ~ 1°—3° or An ~ 0.002 —0.006, can be understood semiquan-
titatively, since we expect® ! the anisotropy of ¢ more than a few percents
in the actual systems.

As another scenario, Bosch et al.'* propose that the ‘shift’ of IC peaks
comes from the formation of the kink in the charge stripes, assuming the
lattice commensurability of charge stripes. This scenario provides different
predictions from those in the present theory. (i) The ‘shift’ is expected only
in 021/8, and the value of Ay is proportional to the excess hole density from
1/8, namely An o (6 — 1/8). On the other hand, in our theory, Ay oc 1 — 7,
and the value of An does not depend on § appreciably for a fixed 7. (ii) The
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An can be an order of magnitude larger than in the preset theory.

Because of the unspecified character of charge stripes, it seems to allow
other interpretations of the ‘shift’ of IC peaks. Fujita et al.” argue that the
‘shift” comes from the possible coupling of charge stripes to the LTO lattice
distortion. However, no semiquantitative studies have been done so far. We
leave further discussions in the future.

Finally, we should note a possible link to the ‘spin-charge stripes’ order
in the present theory. Since the present theory describes the fluctuations
of the IC antiferromagnetism (AF), we can not exclude a possibility that
the ordered state of IC-AF is accompanied by charge stripes. However, even
if it would be the case, our semiquantitative analysis demonstrates that
the essence of the ‘shift’ lies in the anisotropy of ¢, not the charge-stripes
formation.
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