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UPPER CRITICAL FIELD IN A STRIPE�PHASE�Mar
in Mierzejewski and Ma
iej M. Ma±kaDepartment of Theoreti
al Physi
sInstitute of Physi
s, University of SilesiaUniwersyte
ka 4, 40-007 Katowi
e, Poland(Re
eived November 7, 2000)We study the problem of the upper 
riti
al �eld (H
2) for tight-bindingele
trons in a phase with stripes. Carrying out 
al
ulations for �nite sys-tems we analyze the in�uen
e of the external �eld in the 
ommensurableand in
ommensurable 
ase on an equal footing. The upper 
riti
al �eldis dis
ussed for anisotropi
 intersite pairing as a fun
tion of the width ofstripe. We show that the upper 
riti
al �eld in
reases with a de
rease ofthe width of stripe. This e�e
t is of parti
ular importan
e 
lose to thesuper
ondu
ting transition temperature.PACS numbers: 74.25.Ha, 74.60.E
, 71.70.Di1. Introdu
tionDespite enormous e�orts the me
hanism, whi
h is responsible for theformation of high-temperature super
ondu
tivity, remains an open problem.Moreover, neither theoreti
al nor experimental results allow for a 
ompleteand unique des
ription of the normal-state. Above the super
ondu
ting tran-sition temperature one �nds two major phases: underdoped, and overdoped.The natural question whi
h arises 
on
erns the distribution of holes whi
henter the 
opper-oxygen planes in the doping pro
ess. There is a 
onvin
ingargumentation speaking in favor of spatially inhomogeneous distribution ofholes. It results in a stripe-phase whi
h 
onsists of antiferromagneti
 do-mains separated by hole-rea
h domain walls [1�7℄. In the present paper weinvestigate in�uen
e of the spatial distribution of 
arriers upon the upper� Presented at the XXIV International S
hool of Theoreti
al Physi
s �TransportPhenomena from Quantum to Classi
al Regimes�, Ustro«, Poland, September 25�O
tober 1, 2000. (523)
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riti
al �eld, H
2, for anisotropi
 super
ondu
tivity. Within a simple mean-�eld approa
h we demonstrate that inhomogeneous distribution of holes af-fe
ts the stru
ture of Landau levels and leads to a serious modi�
ation ofthe upper 
riti
al �eld.In order to simulate the presen
e of a stripe-phase we investigate a two-dimensional re
tangular-shape 
lusters that 
onsist of Nk latti
e sites alongthe domain wall and N? sites in the perpendi
ular dire
tion, with N? � Nk.Sin
e the length of a stripe is assumed to be in�nite we make use of peri-odi
 boundary 
onditions in the parallel dire
tion. The antiferromagneti
domains between stripes are insulating and thus we take �xed boundary
onditions in the perpendi
ular dire
tion.2. The modelIn order to determine H
2 for anisotropi
 super
ondu
tivity we 
onsiderthe nearest-neighbor pairing and introdu
e a uniform magneti
 �eld, whi
his perpendi
ular to the 
luster. The Hamiltonian readsĤ = Xhi;ji� tij (A) 
yi�
j� + g�BHzXi �
yi"
i" � 
yi#
i#�� V Xhi;ji�
yi"
yj#�ij + 
i#
j"�?ij� : (1)Here, 
yi� (
i�) 
reates (annihilates) an ele
tron with spin � on site i; g and �Bare the gyromagneti
 ratio and the Bohr magneton, respe
tively. V standsfor the magnitude of the nearest-neighbor attra
tion and A is the ve
torpotential 
orresponding to the external magneti
 �eld H . We introdu
eanisotropi
 super
ondu
ting order parameter�ij = h
i#
j" � 
i"
j#i; (2)whi
h, in general, 
an be site-dependent. A

ording to the Peierls substi-tution [8℄ the original hopping integral tij is multiplied by a phase fa
tor,whi
h a

ounts for 
oupling of ele
trons to the magneti
 �eldtij (A) = t exp0B� ie~
 RiZRj A � dl1CA : (3)In order to evaluate the upper 
riti
al �eld we make use of an unitary trans-formation that diagonalizes the kineti
 part of the Hamiltonian. Then, inthe new basis, equations of motion for the Green fun
tion allow one to ob-tain the upper 
riti
al �eld. The details of this approa
h 
an be found inRefs. [9, 10℄.



Upper Criti
al Field in a Stripe�Phase 5253. Dis
ussionIn order to visualize the role of magneti
 �eld in the normal-state wehave 
al
ulated the resulting 
urrent distribution:Figures 1 and 2 show results obtained for a square 
luster with N? = Nk,whi
h 
an simulate a homogeneous phase, and for N? � Nk that is relevantto the stripe-phase. In the stripe-phase the geometry of the system does notallow for a formation of standard Landau orbits. Then, one 
an expe
t thatthe diamagneti
 pair-breaking me
hanism is redu
ed and super
ondu
tivity
an survive in the presen
e of mu
h stronger magneti
 �eld than in the 
aseof a homogeneous phase.

Fig. 1. Current distribution originating from external magneti
 �eld 
al
ulated fora 20� 20 
luster with �xed boundary 
onditions. ea2Hz=(~
) = 0:1 was used.
Fig. 2. The same as above, but for 100�5 
luster.This observation 
an be 
on�rmed by the 
al
ulation of the upper 
riti
al�eld for 
lusters of di�erent geometry (see Fig. 3).Transition form the stripe to homogeneous phase has been simulated by
hanging the ratio N?=Nk. Dependently on the geometry of 
luster we haveadjusted the magnitude of the pairing potential to obtain the same T
 in
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Fig. 3. Comparison of the upper 
riti
al �eld for a homogeneous system (
ontinuousline) and systems with stripes of di�erent width (3, 5 and 10 latti
e sites).the absen
e of magneti
 �eld. One 
an see, that the upper 
riti
al �eld in-
reases when the width of the 
luster de
reases. This e�e
t is of parti
ularimportan
e for weak magneti
 �elds and leads to a dramati
 
hange of theslope, dH
2=dT , 
al
ulated at T = T
. These results 
an, to some extend,a

ount for the temperature dependen
e of the upper 
riti
al �eld observedin the 
opper�oxide super
ondu
tors. One should keep in mind that evenin overdoped and underdoped samples the measurements of the upper 
rit-i
al �eld are restri
ted to temperatures 
lose to T
 [11, 12℄. In this regioneven very strong magneti
 �elds hardly a�e
t the super
ondu
ting transitiontemperature, leading to a large slope of H
2(T ).This work has been supported by the Polish State Committee for S
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