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Abstract

The magnetic spectra χ′′ of YBa2Cu3O6.5 are compared with calculated results by the expression χ(q, ω)=χ0(q,
ω)/ {1+J(q)χ0(q, ω)} with J(q)=J(cos qxa+cos qya). For the proper band parameters and other parameters,
we obtained satisfactory agreement between experimental and calculated results without considering dynamical
“stripes”. The quasi particle broadening has been found to suppress the antiferromagnetic ordering. Effects of the
dynamical “stripes” on χ′′(q, ω) is clearly visible in La2−xSrxCuO4, which is in clear contrast to the results of
YBa2Cu3O6.5.
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In the study of high Tc Cu oxides, the detailed wave
vector(q)- and energy(ω)-dependences of the magnetic
excitation spectra χ′′ present various important infor-
mation on the physical nature of their strongly cor-
related electrons. The spectra may also present infor-
mation on the role of the fluctuating or dynamical
“stripes” in the occurrence of the superconductivity.
If the fluctuations exist and are slow enough to have
significant effects on the electron system, we may have
to consider χ′′(q, ω) essentially in the charge ordered
background.

In Fig. 1, data of χ′′(q, ω) taken for a single crystal
of YBa2Cu3Oy (Y123 or YBCOy) with y=6.5 (Tc �52
K) along (h,h,∼-2) at 7 K are shown, together with fit-
ted curves, at several fixed energy transfers ω, where
the resolution convolution is carried out. In the fit-
tings, we used following model, details of which can be
found in refs. [1] and [2]. For the susceptibility χ(q, ω),
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Fig. 1. Bottom figure shows the profiles χ′′(q, ω) of YBCO6.5

at 7 K and 147 K, together with the curves fitted by considering

the broadening Γ(ε) shown in the top figure. See text for other

details.
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Fig. 2. Data of χ′′(q, ω) of La2−xSrxCuO4 reported for x=0.10

[4,5] and 0.15 [5] at low temperatures are fitted by a model

similar to that used for YBCO. For x=0.1, due to the effect

of the softened “stripes”, good fitting cannot be obtained. For

x=0.15, the effect can be seen as the small value of Γ or Γh

(See text for details)

the expression χ(q, ω) =χ0(q, ω)/{1+J(q)χ0(q, ω)}
with the exchange coupling J(q)=J(cos qxa+cos qya)
and the Lindhard function χ0(q, ω) of the electron sys-
tem is used. The χ0(q, ω) is simply calculated by us-
ing the effective band parameters t0, t1 and t2, where
we use rather small values of t0 to introduce the ef-
fect of the strong electron correlation (Instead, the in-
tra Coulomb interaction U is set to be zero.). The val-
ues of t1 and t2 are chosen as -t0/6 and t0/5, respec-
tively, to reproduce the Fermi surface shape. The d-
wave form of the gap ∆s(k)=(∆0/2)(cos kxa-cos kya) is
used, where the absolute amplitudes 2|∆0| is assumed
to be T -independent (=88 meV), by considering that
the gap persists up to very high temperature in the
present underdoped system [1,2]. The chemical poten-
tial µ has been determined so that the q-position of
the incommensurate peak of χ′′(q, ω) at low temper-
ature T and at relatively low ω agree with those ob-
served for YBCOy. The parameters t0 and J are cor-
related and can be chosen with the slight allowance.
Here, the curves are for t0=-30 meV and J=83.5 meV,
which are slightly different from those of refs. [1] and
[2]. The important point is that the significant broad-
ening Γ(ε) of the quasi particle energy which has been
experimentally observed [3] has to be introduced in the
calculations to reproduce the observed q-, ω- and T -
dependences of χ′′ (See the top figure of Fig. 1. they are
the full width at half maximum.). We emphasize here
that almost all the observed characteristics of χ′′(q, ω)
can be reproduced by the model calculation without
considering effects of the dynamical “stripes” [1,2]. An-
other important point is that not only the gap but also
this broadening Γ suppresses the antiferromagnetic or-
dering.

Similar fittings to the reported data of La2−xSrxCuO4

(LSCO or La214) for x=0.10 [4,5] and 0.15 [5] have
also been carried out. The solid lines for x=0.10 are for
the parameters t0=-30 meV, t1= -t0/6, t2=0, J=60
meV, 2∆0=40 meV and Γ=4 meV (ε-independent).
We cannot obtain a satisfactory fit for any set of the
parameters. For x=0.15, the solid lines are for t0=-40
meV, t1= -t0/6, t2=0, J=60 meV, 2∆0=30 meV and
Γ=4 meV (ε-independent) and the broken lines are for
different Γ(ε) with Γ0=4 meV and Γh=10 meV. The
results indicates that we have to use the very small
value of Γh to obtain the good fittings.

Due to the formation of the fluctuating “stripes”, the
low energy peak of χ′′(q, ω) is significantly enhanced
for x=0.10. We have also found that Γ is severely re-
duced for both LSCO samples as compared with the
broadening for YBCO. The large broadening of the
quasi particles, which is , we think, one of the character-
istics of high-Tc systems [3], to be connected with the
RVB-like physical picture, is less significant in LSCO
system. It is possibly attributed to the formation of the
fluctuating “stripes”, even though the band model with
the small Γ(ε) seems to describe the observed χ′′(q,
ω) of La1.85Sr0.15CuO4. The presently observed differ-
ence between the results of the superconducting sam-
ples of LSCO and YBCO indicates that the dynamical
“stripes” do not have common effects in high-Tc sys-
tems, and do not seem to have a significant role for the
occurrence of the superconductivity.

The shift of the incommensurability δ of the peak of
χ′′(q, ω) from δ ∼0.10 to δ ∼0.12, recently found to oc-
cur in La1.6−xNd0.4SrxCuO4(x=0.12) along with the
appearance of the static “stripes” [6], suggests that δ
is rather determined by the Fermi surface shape than
by the periodicity of the charge “stripes” in the non-
ordered phase. The low T tetragonal structure, which
is the characteristic of the La214 system, seems to sta-
bilize the “stripe” phase.
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