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SUPERCONDUCTIVITY IN THE STRIPE PHASEMAGNETIC PROPERTIES�Ma
iej M. Ma±ka and Mar
in MierzejewskiInstitute of Physi
s, University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, Poland(Re
eived July 10, 2002)One of unusual features of high-T
 super
ondu
tors, that we dis
ussin the present report, is related to inhomogeneous distribution of holes.It results in a stripe-phase whi
h 
onsists of antiferromagneti
 domainsseparated by hole-ri
h domain walls. We study how the upper 
riti
al �eldis a�e
ted by this spe
i�
 distribution of 
arriers. We 
onsider a two-dimensional square latti
e immersed in a perpendi
ular uniform magneti
�eld. In order to simulate the presen
e of a stripe-phase we 
arry out the
al
ulations for a system with modulated hopping integral. Namely, themagnitude of the hopping integral is 
onstant along the stripe, whereas itos
illates in the opposite dire
tion.PACS numbers: 74.20�z, 74.80.�g1. Introdu
tionSome of experimentally observed unusual properties of the high temper-ature super
ondu
tors (HTSC) are related to their magneti
 properties. Inparti
ular, the measurements of the upper 
riti
al �eld (H
2) reveal a qual-itative di�eren
es with respe
t to 
lassi
al super
ondu
ting systems. Foroptimal doped systems the extrapolated value of H
2(T ! 0) 
an be of theorder of a few hundred Tesla. In 
ontradistin
tion to 
onventional super
on-du
tors H
2(T ) is 
hara
terized by positive 
urvature [1, 2℄. Moreover, foroverdoped 
ompounds the 
riti
al �eld does not saturate even at genuinelylow temperatures. These features 
annot be explained within a 
onventionaltheory of H
2 [3℄. From the theoreti
al point of view the positive 
urvatureof H
2(T ) o

urs for instan
e in: Bose�Einstein 
ondensation of 
hargedbosons [4℄, Josephson tunneling between super
ondu
ting 
lusters [5℄, and� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(507)
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2 with a strong spin-�ip s
attering [6℄. How-ever, none of these approa
hes has de�nitively been a

epted. In parti
ular,the purely bosoni
 approa
h [4℄ is not appli
able in the overdoped regime,when HTSC exhibit a Fermi-liquid type of behavior [7℄.Other unusual feature of high-T
 super
ondu
tors is related to the stripephase. Within this s
enario holes, whi
h enter the 
opper-oxygen planesin the doping pro
ess, are not distributed uniformly. Instead, they formantiferromagneti
 domains separated by hole-rea
h domain walls [8�14℄.In the present report we investigate in�uen
e of the inhomogeneous dis-tribution of 
arriers upon the upper 
riti
al �eld.2. ModelWe 
onsider a square latti
e immersed in a perpendi
ular, uniform mag-neti
 �eld, des
ribed by the following Hamiltonian:Ĥ =Xij� tij (A) 
yi�
j� � V Xi �
yi"
yi#�i + 
i#
i"�?i� : (1)Operator 
yi� 
reates an ele
tron with spin � on site i, V stands for themagnitude of the pairing intera
tion, A is the ve
tor potential 
orrespondingto the external magneti
 �eld H , and �i = h
i#
i"i is the super
ondu
tingorder parameter.A

ording to the Peierls substitution the original hopping integral tij ismultiplied by a phase fa
tor, whi
h a

ounts for 
oupling of ele
trons to themagneti
 �eld tij (A) = tij(0) exp� ie~
 R ij A � dl�.In order to simulate the presen
e of stripes we assume tij(0) as a position-dependent quantity. We modulate the hopping in the dire
tion perpendi
-ular to the stripe and keep the hopping along the stripe 
onstant. Morepre
isely, we take tij(0) = t, when the bond between i and j is parallelto the stripe. t represents also the maximal value of the hopping integralin the perpendi
ular dire
tion. Tuning the modulation depth, d, we 
an
ontinuously drive the system between two limiting 
ases: separated stripesfor d � t and homogeneous two-dimensional latti
e for d = 0. The site-dependent hopping integral is presented in Fig. 1.To 
al
ulate H
2 one 
an apply the latti
e version of the Gor'kov equa-tions �i = V (T )� Xj;!n�jG(i; j; !n)G(i; j;�!n): (2)Here, G(i; j; !n) is the one-ele
tron Green's fun
tion in the presen
e of a uni-form and stati
 magneti
 �eld and !n is the fermioni
 Matsubara frequen
y.For details we refer to Ref. [15℄.
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xFig. 1. Modulation of tij(0). The upper panel shows the hopping integral in thedire
tion perpendi
ular to the stripe. In the lower panel the thi
kness of lines isproportional to the magnitude of tij(0).3. Results and dis
ussionFigure 2 shows the temperature dependen
e of H
2 determined for dif-ferent values of the modulations depth.Small-to-medium modulation hardly a�e
ts the shape of H
2(T ). How-ever, for d=t � 0:9 stripes be
ome almost separated and one 
an see asubstantial modi�
ation of the 
riti
al �eld. This modi�
ation is of par-ti
ular importan
e for weak magneti
 �elds, when the radii of the Landauorbits ex
eed the width of the stripe. Here, one 
an observe a dramati

hange of the slope, dH
2=dT , 
al
ulated at T = T
. This e�e
t has a ni
ephysi
al interpretation: the geometry of the stripe does not allow for a for-mation of rotationally invariant Landau orbits. Therefore, the diamagneti
pair-breaking is strongly redu
ed and super
ondu
tivity is hardly a�e
tedby a weak magneti
 �eld. For stronger �elds the radii of the Landau orbitsde
rease, and this e�e
t be
omes less important.
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Fig. 2. H
2(T ) 
al
ulated for V = 1:2t and di�erent values of the modulationdepth d. Left plot shows results for modulation depth up to d=t = 0:8, whereasright plot shows results for 1 � d=t � 0:8t.REFERENCES[1℄ A.P. Ma
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