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NERNST COEFFICIENT IN HIGH-T
SUPERCONDUCTORS: THE ROLE OFSUPERCONDUCTING FLUCTUATIONS�Hiroshi KontaniDepartment of Physi
s, Fa
ulty of S
ien
e, Saitama University255 Shimo-Okubo, Saitama 338-8570, Japan(Re
eived July 10, 2002)In hole-doped high-T
 
uprates, the Nernst 
oe�
ient (�) as well asthe magnetoresistan
e (��=�) in
rease drasti
ally below the pseudo-gaptemperature, T �. This unexpe
ted result attra
ts mu
h attention in thatit re�e
ts the fundamental feature of the ele
troni
 state in the pseudo-gap region, whi
h has been a 
entral issue on high-T
 
uprates. In thisarti
le, we study these transport phenomena in terms of the �u
tuation-ex
hange (FLEX)+T -matrix approximation. We fo
us on the role of thevertex 
orre
tions (VC's) whi
h are ne
essary to keep the 
onservation laws,and �nd that both � and ��=� are strongly enhan
ed by the VC's due tothe antiferromagneti
 (AC) and the super
ondu
ting (SC) �u
tuations. In
on
lusion, the pseudo-gap region in high-T
 
uprates is well des
ribed bythe AF and SC �u
tuation s
enario based on the Fermi liquid theory.PACS numbers: 74.70.�b, 74.72.�h, 72.15.Jf1. Introdu
tionFor years, various striking anomalous transport phenomena have been a
entral issue on high-T
 
uprates. Re
ently, it is found that the Nernst 
oef-�
ient (�) in hole-doped 
ompounds in
reases drasti
ally below the pseudo-gap temperature, T � [1℄. Here, we study this mysterious behavior of � interms of the FLEX+T -matrix approximation. In this theory, the d-waveSC �u
tuations, whi
h are mediated by the antiferromagneti
 (AF) �u
tua-tions, be
ome dominant below T �. In the present arti
le, we analyze the roleof the VC's for 
urrents in the framework of the 
onserving approximation,and 
al
ulate various transport 
oe�
ients for high-T
 
uprates.� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(799)



800 H. Kontani2. FLEX+T -matrix approximationIn the self-
onsistent FLEX+T -matrix approximation, the full Greenfun
tion and the self-energy are given byGk(�n) = (i�n + �� �0k ��k(�n))�1; (1)�k(�n) = �FLEXk (�n) +�SCFk (�n); (2)where �FLEX is given by the diagrams for the FLEX approximation, and�SCF is given by the T -matrix approximation. Namely, the former andthe latter are given by the one-loop approximation in terms of the AFand d-SC �u
tuations, respe
tively. �0k is the tight binding dispersion ofa non-intera
ting ele
tron, and �n is a Matsubara frequen
y for fermion.�FLEXk (�n) and �k(�n) are 
aused by the AF and SC �u
tuations, respe
-tively. The formalism for the FLEX+T -matrix approximation is explainedin Ref. [2℄ in detail.
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Fig. 1. DOS, �Q, 1=T1T and 1=T2g studied by the FLEX+T -matrix approximation(AF+SC). Results by the FLEX approximation (AF) is also shown. T = 0:1
orresponds to 500K.In the present numeri
al study for the Hubbard model, we put U = 4:5and (t; t0; t00) = (�1; 0:15;�0:05) for La2�xSrxCuO4 (LSCO). where t; t0; t00are the nearest, the next-nearest and the third-nearest neighbor hoppings,respe
tively. Figure 1 shows the obtained density of state (DOS), �(�) =Pk ImGk(� � iÆ)=�: The pseudo-gap opens around � = 0 as the SC �u
-tuations grow, i.e., as �SC in
reases. Figure 1 also shows the staggeredsus
eptibility (�Q) and the nu
lear relaxation rates (1=T1T , 1=T2g). As for1=T1T , the pseudo-gap behavior is re
ognized below T � � 0:03, whi
h 
an-not be reprodu
ed by the FLEX approximation.



Nernst Coe�
ient in High-T
 Super
ondu
tors: the Role of. . . 8013. Transport phenomenaNext, we 
al
ulate various transport 
oe�
ients by using the FLEX+T -matrix approximation, in the framework of the 
onserving approximation.We 
al
ulate the VC's for ele
tron 
urrent and the heat one self-
onsistently.by in
luding all the Maki�Thompson-type diagrams given by both AF andSC �u
tuations. The method of 
al
ulating the VC's is explained in Ref. [2℄and Ref. [3℄ in detail.
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Fig. 2. �, � and S tan �H given by the FLEX+T -matrix approximation (AF+SC)for LSCO.Figure 2 shows the obtained results for LSCO; the resistivity �, theNernst 
oe�
ient (�) and S tan �H � S�xy=� (S being the thermoele
tri
power). As for the resistivity, �AF+SC shows a T 2-like behavior at lowertemperatures in the pseudo-gap region, whi
h is observed in some hole-dopes 
ompounds. Next, we dis
uss the drasti
 enhan
ement of the Nernst
oe�
ient below T �, whi
h is mu
h mysterious and intriguing phenomenonin the pseudo-gap region. In Fig. 2, �AF+SC starts to in
rease drasti
allybelow T �, and its magnitude is 
onsistent with experimental values [1℄. In
ontrast, S tan �H de
reases at lower temperatures, re�e
ting the suppressionof the AF �u
tuations below T �.On the other hand, � in the ele
tron-doped 
ompound (NCCO) is pos-itive and very large below the room temperatures. As shown in Fig. 3, thepresent study is also able to reprodu
e this behavior su

essfully.We note that other transport quantities like the Hall 
oe�
ient, the mag-netoresistan
e, and the thermoele
tri
 power show anomalous temperatureand doping dependen
es in high-T
 
uprates. They are well reprodu
ed bythe present study based on the FLEX+T -matrix approximation [2�5℄.
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Fig. 3. � and S tan �H given by the FLEX approximation for NCCO4. SummaryIn summary, we studied the ele
troni
 properties and the transport phe-nomena in the pseudo-gap region using the FLEX+T-matrix approximation.Below T � in hole-doped 
ompounds, the Nernst 
oe�
ient in
rease drasti-
ally. In the present study, we 
ould reprodu
e the 
hara
teristi
 behaviorsof all the 
oe�
ients satisfa
torily. Espe
ially, the drasti
 in
reases of � and��=� are naturally explained as the quasiparti
le origin, by taking the VC'sdue to the AF and SC �u
tuations 
orre
tly. As a result, the present studygives the 
on
rete eviden
e that the pseudo-gap region in high-T
 
upratesis well des
ribed as the Fermi liquid with strong AF and SC �u
tuations.REFERENCES[1℄ Z.A. Xu, N.P. Ong, Y. Wang, T, Kakeshita, U
hida, Nature 406, 486 (2000).[2℄ H. Kontani, 
ond-mat/0204193.[3℄ H. Kontani, K. Kanki, K. Ueda, Phys. Rev. B59, 14723 (1999).[4℄ H. Kontani, J. Phys. So
. Jpn. 70, 1873 (2001).[5℄ H. Kontani, J. Phys. So
. Jpn. 70, 2840 (2001).


