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GINZBURG�LANDAU FUNCTIONAL FOR METALSWITH SPIN�CHARGE SEPARATION:EFFECT OF THE MASS RENORMALIZATION�J.J. Rodrìguez-Núñez, J.A. BudagoskyCarabobo University, Physi
s Department�FACYT, Valen
ia, Venezuelaand M.I. �ifreaDept. of Physi
s and Astronomy, Iowa University, Iowa City, IA 52242, USA(Re
eived July 10, 2002)We evaluate the Ginzburg�Landau fun
tional for the 
ase of a super-
ondu
tor with spin�
harge separation. We have obtained analyti
al resultsfor this fun
tional when T � T
, in the limit of a spin�
harge separation.For this 
ase and, in the presen
e of the mass renormalization, we derivedthe form of the 
oheren
e length, "(T ), the penetration depth, �(T ), spe-
i�
 head jump, �C(T
)=T
, at the 
riti
al point, and the magneti
 upper
riti
al �eld, H
2(T ). The analyti
al results found here redu
e to the BCSlimit for a two�dimensional s-wave symmetry super
ondu
tor. We 
ompareour results with re
ent works. In parti
ular, we have performed a qualita-tive 
omparison with experimental results trying to �x the validity rangeof our spin�
harge separation parameter, �. The d-wave order parametersymmetry does not 
hange drasti
ally the results presented here.PACS numbers: 74.72.�h, 74.20.Mn, 74.60.�w1. Introdu
tionThe dis
overy of high temperature super
ondu
tivity (HTSC) in 1986 byBednorz and Müller [1℄ has 
aused a lot of enthusiasm among the physi
ists.Being a part of a largest family of strongly 
orrelated ele
tron systems, the
uprates exhibit anomalous properties in both the normal and the super
on-du
ting phases. As a 
onsequen
e, standard theories, su
h as the Landautheory of the Fermi liquid and the BCS theory of the super
ondu
ting state,fail to des
ribe 
orre
tly the physi
al properties of those materials. As an� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(383)
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ase of the normal state, several phenomenologi
al mod-els have been proposed in order to explain their nonmetalli
 behavior [2℄.Despite the fa
t that the super
ondu
ting transition o

urs at a relativelyhigh temperatures, the 
hara
teristi
 of the ordered phase is the presen
e ofele
tron pairs, leading to the idea that a modi�ed BCS theory is appropriatefor the des
ription of their super
ondu
ting state.For the des
ription of the normal state we will follow Anderson [3, 4℄proposal based on the hypothesis that a two dimensional (2D) system 
anbe des
ribed by a Luttinger liquid type theory, similar to the one dimensional(1D) 
ase. The generalization of the Luttinger liquid for the 2D 
ase involvesthe use of the following Green's fun
tion (GF):G(k; i!n) = g(�)e�i��=2!�
 (i!n � ��"k)1=2(i!n � �"k)1=2�� ; (1)where !
 is a 
ut-o� frequen
y, � = u�=u� < 1 is the ratio of the spin and
harge velo
ities in the system, � is the non universal exponent related tothe anomalous Fermi surfa
e, � = 2=(� + 1 � 2�) is the mass renormaliza-tion fa
tor, and g(�) = ��=[2 sin(��=2)℄. Relations between the di�erentparameters entering Eq. (1) 
an be obtained by studying di�erent generalproperties of GF. g(�) was obtained by use of the �rst sum rule [5,6℄. Basedon this formalism [7℄, the ne
essity of the mass renormalization fa
tor waspredi
ted [6℄ using higher order sum rules. A similar NFL GF was proposedin Ref. [8℄ with normalization fa
tor depending on two parameters, g(�; 
).By using the time-reversal symmetry a 
harge�spin symmetri
 Green fun
-tion 
omes out. Our g(�) depends on a single parameter. However, it alsosatis�es time-reversal symmetry. Here, we investigate metals with spin�
harge separation in the super
ondu
ting state and we evaluate �.2. General formalism of the Ginzburg�Landau fun
tionalLet us �rst 
onsider a pure s-wave super
ondu
tor. The di�eren
e be-tween the super
ondu
ting and normal state free energy 
an be written as:FS(q)� FN (q) = Aj�qj2 + q2Cj�qj2 + B2 j�qj4 ; (2)where the label S denotes the super
ondu
ting state, N the normal state,�q is the Fourier transform of the order parameter, and A;B;C are thetemperature dependent Ginzburg�Landau 
oe�
ients [9℄.2.1. The spin-
harge separation liquid: � = 0, � 6= 1Here, we will fo
us our attention on the spin�
harge separation liquid
ase, denoted by � = 0 and � 6= 1.



Ginzburg�Landau Fun
tional for Metals with . . . 385The 
riti
al temperature, T
(�), whi
h also in
ludes the mass renormal-ization fa
tor, leads to the following value:T
(�) = 2
E� 2!D1 + � exp"� �(1 + �)K(p1� �2) 1N0V # ; (3)where 
E is the Euler 
onstant, !D is the Debye frequen
y, and K(k) is the
omplete ellipti
 integral of the �rst kind.A 
al
ulation of the G�L parameters leads to the following values:A(�) = N0T � T
(�)T
(�) fA(�) ;B(�) = 7�(3)N08�2T 2
 (�)fB(�) ;C(�) = 7�(3)N0v2F32�2T 2
 (�) fC(�) ; (4)where we introdu
ed the following notationsfA(�) = (1 + �)K(p1� �2)� fB(�) = 1 + �2 F �1; 12 ; 2; 1 � �2� ; (5)fC(�) = 12(1 + �) �32 �32F �12 ; 12 ; 3; 1 � �2�+ �F �32 ; 12; 3; 1 � �2�+3�22 F �52 ; 12; 3; 1��2���F �12 ; 12; 2; 1��2���2F�32 ; 12 ; 2; 1��2�� ;(6)F (�; �; 
; z) being the hypergeometri
 fun
tion. Making the limit � ! 1 thestandard BCS results are re
overed. We present only �:�(�; T )�BCS(T ) = 1fT (�)sfC(�)fA(�)s 1� T=T
01� T=[fT (�)T
0℄ ; (7)with fT (�) = T
(�)T
0 = 21 + � exp" 1� �(1 + �)K(p1� �2)! 1N0V# : (8)As we expe
t fT (� = 1)! 1. In Fig. 1 we plot the �-dependen
e of the ratiobetween the 
oheren
e length in the spin-
harge separation liquid. We ob-serve that, for � 6= 1, the value of the 
oheren
e length is lower than the onein the standard BCS 
ase. The 
onsidered values of the T=T
0 are justi�edby the range of the 
riti
al region around the transition temperature.
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oheren
e length ratio as fun
tion of the spin-
harge separation param-eter � for di�erent values of the T=T
0 ratio. The full line 
orrespond to a valueT=T
0 = 0:8, and the dashed line to T=T
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