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DISORDER INDUCED FLUCTUATIONSOF THE PAIRING PARAMETER IN p-WAVESUPERCONDUCTORS �Grzegorz LitakDepartment of Me
hani
s, Te
hni
al University of LublinNadbystrzy
ka 36, 20-618 Lublin, Poland(Re
eived June 21, 2001)We study the e�e
t of site diagonal disorder on the pairing amplitude bya perturbation method. Using an extended Hubbard model with the inter-site attra
tion we analyze �u
tuations of order parameter in the presen
e ofnon-magneti
 disorder and dis
uss the instability of various solutions withp-wave pairing.PACS numbers: 74.70.Pq, 74.20.Rp, 74.62.Dh1. Introdu
tionIn 
ase of an anisotropi
 super
ondu
tor non-magneti
 disorder leadseventually to pair breaking e�e
t via Abrikosov�Gorkov formula [1�5℄, likefor magneti
 impurities, for any value of a 
oheren
e length �. By analogyto an isotropi
 s-wave pairing, for super
ondu
tors with the enough large
oheren
e length �, the amplitude of pairing potential j�(ij)j tends to bethe same for all bonds but disorder indu
es the e�e
t of �u
tuations inthe amplitude leading, in this way, to destru
tion of pairing. Here we will
al
ulate �u
tuating potentials standard deviations hÆj�ij j2i and h"2i i. Theirratio � = hÆj�ij j2i=h"2i i will be a 
riterion of pairing potential �u
tuations [6℄.2. p-wave solutions for a 
lean systemWe start a single band, extended, Hubbard model with e�e
tive nearestneighbor inter-site attra
tion Wij (Wii = 0) [7℄. Taking the Fourier trans-form of the Green fun
tion for a 
lean system we 
an write its equation ofmotion:� Presented at the XII S
hool of Modern Physi
s on Phase Transitions and Criti
alPhenomena, L¡dek Zdrój, Poland, June 21�24, 2001.(3411)



3412 G. Litak" (! � �k + �)1 �k��k (! + �k � �)1 #G0(k;!) = 1 ; (1)where�k =�x sinkx+�y sinky de�nes 2�2 matrix of a pairing potential.For a 
lean system tij 
an be expressed in k-spa
e: �k = Pj tij e�{Rijk =�2t(
os kx+
os ky)�4t0 
os kx 
os ky, where t represents the nearest neighborsite amplitude of ele
tron hopping, while t0 
orresponds to the next nearestneighbor one. For the assumed solution [8℄ �k = {�̂y�̂ � d(k), with d(k) =(0; 0; dz(k)) and dz(k) = �k. The 
orresponding free energy F for a �nitetemperature T 
an be found from the standard formula:F =Xk ��(n� 1)(�k � �)� 2kBT ln�2 
osh Ek2kBT �� j�k(T )j2W � ; (2)where Ek denotes the eigenvalue. To perform numeri
al 
al
ulations we have�tted our one band system parameters to the realisti
 
 band stru
ture ofSr2RuO4 [5, 9�11℄. Fig. 1(a) presents the 
orresponding Fermi surfa
e. Forthe above assumptions we have found three solutions with p-wave pairing.Namely, depending on relative values�x and�y, the dipole one (�x 6= 0 and�y = 0), the real one (�x = �y) and the 
omplex one (�x = {�y). They
orrespond to minima of free energy 
urves (ÆF (j�j) = F (j�j) � F (0)) inFig. 1(b), denoted by D, R and C, respe
tively. The intera
tion parameterused in 
al
ulations (W = �0:46 t) were 
hosen to give T
 = 1:5K as for
lean Sr2RuO4. One 
an easily see that the 
omplex solution rea
hes theglobal minimum of free energy F .
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(b)Fig. 1. (a) The Fermi surfa
e and (b) the free energy ÆF as a fun
tion of pairingpotential j�j�j�j=q�2x+�2y� for di�erent solutions: dipole (D) real (R) and 
om-plex (C) order parameters, respe
tively; for 
 band of Sr2RuO4 ele
troni
 stru
ture(t0= 0:45 t, n=2= 0:66). The inter-site attra
tion W =�0:46 t, temperature T =0.



Disorder Indu
ed Flu
tuations of : : : 34133. Flu
tuations of pairing potentialIn this se
tion we investigate the stability of super
ondu
ting p-wavestates in presen
e of a weak disorder. Here, we apply the same strategy asin [6℄ and we treat random site energies �i as perturbations. To pro
eedwe write the Dyson equation for a Green fun
tion G(i; j;!) evaluated ata frequen
y !:G(i; j;!) = G0(i; j;!) +Xl G0(i; j;!)V lG(l; j;!) ; (3)where V l = �l �3 is the impurity potential matrix.Following Eq. (3) we express quantity order parameter �ij , in the lowestorder of �i perturbations by means of disordered Green fun
tion and 
al
ulatethe mean square deviation of the pairing �ij along the bond of nearestneighbor sites i and j. For site independent energies �i:
Æj�ij j2� = �ij 
�2i � : (4)Finally, we 
al
ulate the 
oe�
ient �ij [6℄:�ij = 1N Xq �����Wij2N Xk �k~�k +�k~�k�q(Ek +Ek�q)EkEk�q e{(Ri�Rj)k�����2 : (5)Having found the pairing potentials (Fig. 1(b), Eq. (1)) for the 
leansystem, we 
al
ulated � (Eq. (5)) for all three solutions we obtained. Inall 
ases � has a very small value (of the order � 10�8). This implies that�u
tuations of �ij are relatively small in this system. Interestingly, a realtype solution is 
hara
terized by the smallest �u
tuations (� = 5:15�10�9)while � = 13:93� 10�9 for the dipole solution and � = 8:12� 10�9 for the
omplex one. This 
ould mean that the real solution is favored by disorder.4. Con
lusions and dis
ussionWe have analyzed the e�e
t of a weak disorder on a p-wave super
ondu
-tor in 
ontext of newly dis
overed super
ondu
tor Sr2RuO4 [11,12℄. Unfortu-nately the order parameter stru
ture in this 
ompound is still unknown [12℄.Fitting our system parameters to its 
 band stru
ture we have asked aboutthe stability of various solutions in the presen
e of disorder. We have foundthree solutions with the same 
riti
al temperature T
 = 1:5K: dipole andreal solutions with line nodes in the gap and 
omplex one with a �nite gapin any dire
tion. Note that all these solutions have the same 
riti
al tem-perature T
 and the Abrikosov�Gorkov formula [2, 4℄ does not di�erentiate



3414 G. Litakany of them. Our preliminary results at T = 0 indi
ate that the 
omplextype of solution has the global minimum of free energy F but the real oneis favored by disorder. That result was obtained in one band model in thelowest order of perturbation method and should be 
on�rmed by a more so-phisti
ated method like Coherent Potential Approximation [4,5℄ 
onsideringmore realisti
 three bands stru
ture of Sr2RuO4.This work has been partially supported by the Polish State Committeefor S
ienti�
 Resear
h (KBN) grant no. 5P03B00221 and the Royal So
ietyJoint Proje
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