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Abstract

We study the the Nernst coefficient () and the magnetoresistance (Ap/p) in hole-doped high-T cuprates, which
increase drastically below the pseudo-gap temperature, T*. This unexpected result attracts great attention in that
it reflects the fundamental feature of the electronic state in the pseudo-gap region, which has been a central issue
on high-T¢ cuprates. In this article, we study these transport phenomena in terms of the fluctuation-exchange
(FLEX)+T-matrix approximation. We focus on the role of the vertex corrections (VC’s) which are necessary
to keep the conservation laws, and find that both nu and Ap/p are strongly enhanced by the VC’s due to the
antiferromagnetic (AC) and the superconducting (SC) fluctuations. In conclusion, the pseudo-gap region in high-7;
cuprates is well described by the AF and SC fluctuation scenario based on the Fermi liquid theory.
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pseudo-gap temperature, 7% [1]. Here, we study this
mysterious behavior of v in terms of the FLEX4T-
matrix approximation. In this theory, the d-wave SC 10 ¢
fluctuations, which are mediated by the antiferro-
magnetic (AF) fluctuations, become dominant below
T*. In the present article, we analyze the role of the
VC’s for currents in the framework of the conserv- 0.00
ing approximation, and calculate various transport
coefficients for high-T. cuprates.

In the self-consistent FLEX+T-matrix approxima-

Fig. 1. xq, 1/T1T and 1/T24 studied by the FLEX4T-matrix

tion, the full Green function and the self-energy are
given by

Gk(ﬁn) = (iﬁn‘i'ﬂ_ Eﬁ—Ek(En))_l, (1)
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approximation (AF+4SC). Results by the FLEX approximation
(AF) is also shown. T' = 0.1 corresponds to 300 ~ 400K.

Sie(en) = Bk (en) +ZR (en), (2)

where SFFEX is given by the diagrams for the FLEX

approximation, and X5F is given by the T-matrix ap-

13 June 2002



160 | LSCO (n=0.92)
OV, e
120 | ®---B[Stand, Jr.sc -
VGXP o—oOoV

2---0 [Stanb, ],

withVC

v [NVIKT]
3

40 |

[0 ) . N
Var (noVC)
_40 1
0.00 0.05 0.10
T
400 NCCO
O0—o0v, (n=1.15)
&---Av,. (n=1.18)
200
<
>
=3
0
-200 .
0.00 0.05 0.10

Fig. 2. v and S tanfy given by the FLEX+T-matrix approx-
imation (AF+SC) for LSCO and NCCO. veyp is the experi-
mental data for LSCO (z = 0.07) reported in ref.[1].

proximation. Namely, the former and the latter are
given by the one-loop approximation in terms of the
AF and d-SC fluctuations, respectively. €2 is the tight
binding dispersion of a non-interacting electron, and
€n is a Matsubara frequency for fermion. LE 5% (e,)
and Xk (e) are caused by the AF and SC fluctuations,
respectively. The formalism for the FLEX+T-matrix
approximation is explained in ref.[2] in detail.

In the present numerical study for the Hub-
bard model, we put U = 4.5 and (tt,t")
(—1,0.15,—0.05) for Laz_;Sr;CuO4 (LSCO). where
t,t',t” are the nearest, the next-nearest and the
third-nearest neighbor hoppings, respectively. Fig-
ure 1 shows the staggered susceptibility (xg) and
the nuclear relaxation rates (1/T1T, 1/T%4). As for
1/TiT, the pseudo-gap behavior is recognized below
T* = 0.03, which cannot be reproduced by the FLEX
approximation.

2. Theory of Transport Phenomena

Next, we calculate various transport coefficients
by using the FLEX+T-matrix approximation, in the
framework of the conserving approximation. We cal-

culate the VC’s for electron current and the heat one
self-consistently. by including all the Maki-Thompson-
type diagrams given by both AF and SC fluctuations.
The method of calculating the VC’s is explained in
ref.[2] and ref.[3] in detail.

Figure 2 shows the obtained Nernst coefficient (v)
and Stanfy = Soy/0 (S being the thermoelectric
power) for LSCO and NCCO. First, we discuss the
drastic enhancement of the Nernst coefficient below T™,
which is very mysterious and intriguing phenomenon
in the pseudo-gap region. In fig. 2, varisc starts to
increase drastically below 7™, and its magnitude is
consistent with experimental values [1]. In contrast,
S tan Ou decreases at lower temperatures, reflecting the
suppression of the AF fluctuations below T™.

On the other hand, v in the electron-doped com-
pound (NCCO) is positive and very large below the
room temperatures. As shown in fig. 2, the present
study is also able to reproduce this behavior success-
fully.

We note that other transport quantities like the Hall
coefficient, the magnetoresistance, and the thermoelec-
tric power show anomalous temperature and doping
dependences in high-T; cuprates. They are well repro-
duced by the present study based on the FLEX+T-
matrix approximation [2-5].

3. Conclusion

In conclusion, we studied the electronic properties
and the transport phenomena in the pseudo-gap re-
gion using the FLEX+4T-matrix approximation. Below
T™ in hole-doped compounds, the Nernst coefficient in-
crease drastically. In the present study, we could repro-
duce the characteristic behaviors of all the coefficients
satisfactorily. Especially, the drastic increases of v and
Ap/p are naturally explained as the quasiparticle ori-
gin, by taking the VC’s due to the AF and SC fluctua-
tions correctly. As a result, the present study gives the
concrete evidence that the pseudo-gap region in high-
T. cuprates is well described as the Fermi liquid with
strong AF and SC fluctuations.
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