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Phase separation models for cuprate stripe arrays
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An electronic phase separation model provides a natural explanation for a large variety of experimental
results in the cuprates, including evidence for both stripes and larger domains, and a termination of the phase
separation in the slightly overdoped regime, when the average hole density equals that in the charged stripes.
Several models are presented for charged stripes, showing how density waves, superconductivity, and strong
correlations compete with quantum size effe@SE’9 in narrow stripes. The energy bands associated with
the charged stripes develop in the middle of the Mott gap, and the splitting of these bands can be understood
by considering the QSE on a single ladder.
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I. INTRODUCTION model and can be either ferromagnetic or a linear antiferro-
magnetic (LAF) phase similar to the White-Scalapino

Possible electronic phase separatigR9 in the cuprates stripes'® Calculations on stripe arrays find that the charged
is often found in the form of stripe phases. Thus, neutrorstripes lead to midgap states near the Fermi level. Section IV
diffraction measurements find evidence for fluctuating stripeshows how these data can be interpreted in terms of QSE’s
order in Lg_,Sr,CuQ, (LSCO) associated with incommen- on single stripes. Section V presents the results of single-
surate inelastic neutron scatterihgyhich can be trans- stripe calculations: competing charge-density-w&EZ®W)
formed into long-range charged stripe ofdey codoping and superconducting orders can exist in paramagnetic
with Nd or Eu. Similar incommensurate peaks are found irstripes, but they are strongly modified by the QSE’s. On LAF
other cuprates, and long-range charge-ordered states are ag$tjpes, d-wave superconductivity and an unusual form of
found® in strongly underdoped samples of Y@akO, s CDW's are both found to persist down to the narrow@so
(YBCO), with stripes parallel to the chains, while at higher cells wide stripes. Section VI includes results on stripe ar-
doping short-range stripe order is found at virtually all tem-rays: the LAF stripes produce photoemission constant-energy
peratures up to the pseudog@p. However, EPS can also maps in significantly better agreement with experiment. In
manifest itself in the form ofarger domains particularly if ~ the Discussion, Sec. VII, we summarize the reasons for our
the dopant ions are somewhat mobile and can follow the holghoice of the doping on the charge stripg~0.25, and
motion. These domains, long known in JGuQ,, 5, may show that this provides a consistent picture explaining the
recently have been found in scanning tunneling microstopetérmination of the AFM stripes slightly beyond optimal dop-
(STM) and microwavé studies of BjSL,CaCuyOg.; INg, the 1/8 anomaly, and the presence of domains at higher
(Bi2212). These domains, taken together with evidence fordoping levels(including the Yamada plat Further, we sum-
the termination of the antiferromagnei8FM) stripes at a Marize evidence that superconductivity “lives” in the
fixed doping® provide extremely strong support for a phasecharged stripes. Conclusions are given in Sec. VIII.
separation scenario in the cuprates.

At this point it is essential to better characterize the nature Il. KEY ISSUES FOR AN EPS MODEL OF STRIPES
of the stripes, in particular the charged stripes, and to under-
stand how their properties affect physical phenomena, in par-
ticular photoemission spectfa* While fluctuation$® play A phase separation model of stripes is characterized by
an important role in the real cuprates, we have constructethe two well-defined stable end phases between which phase
ordered stripe arrays for which detailed tight-binding calcu-separation takes place. The insulating stripes are generally
lations are possiblgSuch calculations can aid in elucidating understood to be AFM—essentially the same as the Mott
the structure of the charged stripes, both for wide stripes—insulator found in undoped cuprates. The hole-doped stripes
how the preferred hole density is stabilized—and for narroware assumed to have a finite dopig This simple idea has
stripes—how quantum size effedf®SE’'S modify proper- three experimentally verifiable characteristic featutgsthe
ties of the stripes. The present paper provides an extendesfripe phase must terminatehenx=Xx,; (ii) there will be a
analysis of these issues; some of these results were sumntaossoverat a lower doping,X.,~Xo/2, from magnetic-
rized recently? dominated x<X,) to charge-dominatedx(>Xx.,) stripe ar-

The paper is organized as follows. Section Il enumerategays; and(iii) someinteractionon the charged stripes stabi-
key issues which must be addressed in any EPS model dizes the end phase at. In this paper, it will be assumed
stripes, including determination of the hole density onthat xo=0.25, so the crossovet,, corresponds to the 1/8
charged stripes. The charged stripes are probably stabilizeshomaly. In the Discussion, Sec. VII A, it will be demon-
by some competing order, either magnetic or paramagnetistrated that this simple choice can consistently explain a
(including charge density wavesSection Il shows that large variety of data. It should be cautioned that while the
magnetic charged stripes can arise in a mean-field Hubbangresent paper is written in terms of a smooth evolution of

A. Hole doping on charged stripes
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stripe periodicity with doping, experimental date.g., the  on paramagnetic stripes, it will be assumed that renormalized

Yamada plot are suggestive of commensurability pinning parameters are used, and other effects of strong correlations

and the presence of EPS domains rather than stripes for will be neglected.

>Xer - While LAF stripes are most stable wheh=0, we ex-
plore the possibility that they can be stabilized even when
t'#0 by on-stripe CDW or superconducting order. Ordi-

B. What stabilizes charged stripes? narily, the CDW phase is believed tmmpetewith strong
orrelation effects, but we fin@Sec. VB that an unusual

In any phase separation model, a key issue is understan 5rm of CDW phase casoexistwith LAF order: the charge
ing the nature of the charged stripes. Indeed, since supercoaénsity varies between zero and ofi®t two) holes per

ductivity seems to arise predominantly in these strifsec.

VIIB), such understanding is likely to play an important role

in elucidating the origin of the high superconducting transi-

tion temperatures. For the stripe phase to exist, the dogjng C. Notation of stripes

must be particularlytable This can arise via an electronic  |n a stripe array, the alternating stripes are associated with

instability, which opens up a gap over much of the Fermithe two stable thermodynamic phases. Here, we summarize

surface, making the electronic phase nearly incompressiblghe different ways these stripes are denoted in this paper. The

This “stability from instability” is a fairly general feature, stripe with lower hole doping is variously referred to as “in-

underlying, e.g., Hume-Rothery alloys(This is a modifi-  sulating” or “antiferromagnetic.”(These are also known as

cation of an argument due to AnderddnHere, we explore magnetic stripes, since the charged stripes have considerably

a number of candidates for the predominant electronic instaweaker magnetic order, but we will avoid that notation here.

bility. The stripe with higher hole doping is generically referred to
In a related papéf we will provide strong evidence that @s “charged” or “hole-doped.” At low temperatures, these

this “hidden order” is a form of CDW’s, which could in- Stripes are also “superconducting,” but at high temperatures,

clude the flux phase. However, here we will explore a wideith€Y are stabilized by some “hidden order,” and one purpose

variety of possibilities. One issue is that in the low doping®f this paper is to explore a number of possible orders. The

limit the charge stripes act as antiphase boundaa@g's) ~ orders fall into two groups: “magnetic chargedtlass B

for the AFM stripes. Such an effect arises naturally if theStiPes could have FM or LAF ordethe latter are White-

charged stripes have some residual magnetic interaction, amfalapino-like stripgs while “paramagnetic” (class A

we will explore this possibility. However, in nickelates StriPes could have CDW or flux-phase order.

charged stripes coupled to a CDW are found to act as

e 17 H H
APB's." The large Hubbard on-site repulsidn plays an  pijASE SEPARATION IN A MEAN-FIELD HUBBARD
important role. Strong correlation effects lead to two classes MODEL
of charged stripe phases: either the constraint against double
occupancy leads to magnetic ordémagnetic charged Strong-coupling models would seem to be natural for pro-

stripeg or kinetic energy dominates, leading to a magneti-ducing phase-separated or striped ground states. Any mag-
cally disordered phaséaramagnetic charged stripesith netic ordering avoids double occupancy, while changing
reduced hopping, as ifj (Ref. 18 and slave bosdimod-  from one form of magnetic order to another, via, e.g., dop-
els. Section Il will provide examples of both classes, de-ing, requires highly collective spin rotations, as competing
noted as class B and class A stripes, respectively. Class érders are orthogonal. While superexchange leads to AFM
stripes could be simply correlated met&s int-j or slave insulators at half filling, doping tends to favor textures with
boson calculationsor could have additional, e.g., CDW, or- parallel spins(e.g., FM to maximize hole hopping. Such
der. A crossover from magnetic to correlated paramagnetiterron phases were introduced long before High?® but it
groundstate arises as a function of doping in models of itinremains controversial whether such states are ground states
erant ferromagnet®, of the Hubbard modé’ While thet-j model does have phase

In the next section, we show that class (Blagneti¢  separation for largé/t, it is unclear whether such phases
charge stripes can arise in a mean-field Hubbard nfddel,extend to the valuesJ/t~0.3 expected for the
with the charged stripes displaying either ferromagneticcuprates->28-39
(FM) or LAF [ordering vector ¢,0)] order. The LAF stripes We have found phase-separated solutions of the Hubbard
are very similar to White-Scalapin@Vs) stripes> The FM  model at the mean-field levét. While these solutions are
phase is stabilized by VHS nesting; it may be present irmetastable in UHF calculations, they closely resemble the
ruthenate€? but is unlikely to be relevant for the cuprates WS stripes, and provide an interesting example of phase-
(for one thing, the FM stripes are likely to be diagonal, andseparation-mediated stripe phases. We find a well-defined
do not form APB's> contrary to experimeitWe have sug- surface tension for wide, isolated stripes, which decreases
gested that other VHS-stabilized phases are more fikely and changes sign as the stripes become narrower. When the
(see also Ref. 25 and here we explore the properties of asurface tension becomes negative, the stripes no longer re-
class A CDW phas&’ At a dopingx~0.25, the effects of main straight, and spontaneously meandering solutions are
correlations are relatively weak, renormalizing the band{found.
width by a factor of~2. Thus, for the present calculations  These solutions are found by considering only low-order
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commensurate phases, with wave veatQrqg,~ 0 or Q -0.4

=r/a only. The bare dispersion is

Ek=—2t(Cx+Cy)_4t,Cny, (1) 08 R

with c;=coska. The Hubbard interaction UZ;(n;,

—1/2)(nj; — 1/2) leads to magnetic order with a mean-field -1:2

magnetizationm, at wave vectorﬁ, and the quasiparticle
dispersion becomes

E.—e, *E, 2)

where -2

Eo= e +U’m; ©)
and
ftzz(fki €k+q)- (4)

For the cuprates, we expétt=325 meV,U/t=6, andt’/t
=—0.276. The magnetization is found self-consistently from

-1.6
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FIG. 1. Free energy vs doping for several magnetic phases of the
Hubbard model assuming =6.03 andt’=—0.276. Diamonds

= AFM, triangles= LAF, circles= FM, and squares- PM phase.
Dashed lines= tangent construction; dot-dashed lire Eq. (9).
Inset: dispersion of the FM phaseat 0.31; Brillouin zone points
I'=(0,0) X=(,0),S= (7, 7).

Um phase separation regime, the low-energy physics can be ap-
my= [f(E,)—f(EQ]Eq, (5)  proximated by the form of free energy assumed in Ref. 9,
K 0

with Fermi functionf(E)=1/(1+e(E~E/%eT) The result-
ing free energy is

2
f(x)="fpx 1—%) (9)
0

(neglecting a term linear ir), with x4 the hole doping of the

2
F=E,~TS+U m§+ X , (6) uniform charged phase. The FM phase is stabilized by VHS
4 nesting(inset to Fig. 1 as found previousl§? The tangent
with construction tends to select the FM phase at dopings some-
what away from optimal nesting~ermi energy above mid-
gap. Both regimes of phase separation seem to be driven by
Eq= Z+ Eif(E), (7)  hole delocalization: one dimension@long the LAF rows
Ki== whent’ =0, two dimensional for finite'.
The resulting phase diagrams's U, Fig. 2, are strikingly
S=kg E {f(EDIN[f(E)]+[1—f(E)]IN[1—f(E)]}. different. Fort’=0, Fig. 2a), the phase separation is be-
k== @® tween the AFM and paramagneficAF) phase foru<U,
N N 1 M T T
The competing phases include AFM fqe= Q= (1, ), (a):
FM with g=(0,0), and LAF withq= (,0). When the LAF !
stripes are two cells wide, this LAF phase closely resembles os t :PM 1 1
the White-Scalapino stripelfFig. 14e) below]. The AFM |
state has the lowest free energy at half filling, Ifar t' !
=0) is unstable for finite hole doping. Fof=0, there is 06 8 .
phase separation between the AFM and LAF phases, while
for finite t’ the phase separation is between AFM and FM ™ LAF Fm
phases, Fig. 1{When electron-phonon coupling is included, o4 . .
it is found that the FM phase is unstable with respect to a |
CDW phasé?) ! AR o
The LAF stripes fort’=0 are discussed in Ref. 21. For 02 b l ] ! i
t’#0 electron-hole symmetry is absent; for hole doping ! two phase I two phase
>0, there is phase separation to a FM phase, consistent wit | (AFII-LAF) ( AFM-FM)
recent simulations by Vozmediaret al.?* who find a uni- 0 b . . .
form FM phase ak=0.15 forU=8t,t'=0.3. However,on A T TR 1

the electron-doped side a uniform AFM phase is stable over
a large doping rangesuggestive of the asymmetry found in
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FIG. 2. Phase diagramg(U) for the Hubbard model, with’
the cuprates. The dot-dashed curve in Fig. 1 shows that in the0 (a) ort’=—0.276 (b). [Dashed line inb) =doping of VHS]
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E V) E(eV) FIG. 4. Dispersion of stripe array&) (6,2 array with charged

FIG. 3. Density of states for a single stripe of widik=100(a),  Stripes two Cu wid¢AFM stripes six Cu widg (b) (2,6) array with
10 (b), 4 (c), or 2 (d) atoms. Based on Eql) with t'/t=—0.276.  charged stripes six Cu widé\FM stripes two Cu widg Data from
Figs. 7a) and 7d), respectively, of Ref. 9; trianglegiamonds
—5.% (U>U,), while for finitet’, Fig. Ab), there is gener- = p.redomi_na_lntly from _charged(AFM) stripes, Whi_Ie circle_s
ally a VHS-stabilized FM phase. For small and t’ #0, = mlxeq origin; dashedillne: Mott bfinds of AFM stripes; solid
there is a regime where simple spin-density-wave theoryn® = Single(charged stripe model, wittk, approximated by near-
works and a uniform AFM phase is stable, but whér 0 est quantized value.
phase separation persists for all finile Note thatU. marks
a crossover between class (paramagnetic and class B
(magneti¢ charged stripes. The valug, is close to theU
=6.03 expected in the cuprates, although for finite U

VHS is clearly definedalbeit only within a finite intervalas

thelocus of energies where all subbands overlepfact, the

QSE opens a gap at the VH&fectively lowering the kinetic
;_ energy of the electrons just like a conventiofalg., CDW

decreased) .~ 3t for t' = —0.278@, and the range of) for s g

which paramagnetic stripes are stable becomes very smaff@P: The VHS splitting can be found from EG0):

While these stripes are metastable in UHF calculations, we

will show below that the stability of phase separating stripes AEyps= el e"=4t(1-cy). (11
can be enhanced dditional interactionsbeyond the pure _ . ) o
Hubbard model. This splitting has two consequences: first, the VHS splitting

enhances the stabilization of the striped phase, but second,
the QSE gap competes with other gaps, such as CDW'’s and
superconductivity. However, while the QSE splits the VHS
In ordered stripe arrays it is fouhthat the AFM stripes ~ peak, a substantial DOS remains ungapped, so additional in-
have a Mott-Hubbard gap, and the features near the Fernstabilities remain possible. This competition will be dis-
level are associated with the charged stripes. This chargeussed further in the next section.
stripe dispersion shows a series of quasi-one-dimensional It should be noted that this is the first direct demonstration
features which qualitatively resemble the bands of an isothat the VHS can be defined on a stripe only two atoms wide.
lated stripe produced by QSE’s. In this section, we make dhe definition is quite analogous to the standard definition in
quantitative comparison with isolated stripes and explore théwo dimensions: the point at which the bands cross over
mechanism of QSE-induced Van Hove splitting. from electron like to hole like.
For a single stripél Cu atoms wide, the dispersion is still ~ Figure 4 compares the gaps of a single stripe with those
given by Eq.(1), but the allowedk, values are quantized, found in the ordered stripe arrdythe array is labeledng, n)
with k,=k,=ma/(N+1), m=1,2, ... N. These are in fact when the magnetic stripes am coppers wide and the
the usual quantized Bloch bands, but for laNj¢he quanti- charged stripes ane coppers wide. In the array calculation,
zation is not noticeable. For small, the dispersion appears No competing order was introduced on the charged stripes, so
as a series oN overlapping one-dimension&lD) disper- the QSE provides the only gap. Figure 4 shows that there is

IV. ISOLATED STRIPES VS ARRAYS

sions. Equatior{1) can be rewritten adl 1D dispersions a very good match for both two-Cu-wide and six-Cu-wide
stripes, although for the two-Cu-wide stripe, the VHS gap is
€mk,= 2tc,—2(t+2t'cp)cy (10 somewhat larger for the single stripe than in the array. From

Eqg. (10), the 1D bands have DOS peaks at the band bottom
These are the QSE’s, with the corresponding density of stateand top; the band bottom correspondskip=0—i.e., the
(DOYS) shown in Fig. 3. Notice that fol=100, the VHS is  dispersion froml"— X is flat, at the energy corresponding to
readily apparent in the dispersion. Even dowrNtg 2, the  the lower DOS peak(The intensity alond”— X is given by
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a structure factor, which does not directly come into a single 120
stripe calculation.Along X— S one should see the 1D dis- .
persion extrapolat!ng to the band top&%(w,w). Given the . 100 L i
good agreement, it should be possible to analyze competin
orders on a single stripe, for which the calculations are sim-
pler (no need to self-consistently adjust doping on each row 80 i
to account for charging effegts =
©
g 60 - 1
V. ORDERING ON SINGLE CHARGED STRIPES b
[ N
A. CDW's and superconductivity on paramagnetic stripes 40 ) &
1. Electron-ph I g g R
ectron-phonon coupling 20 | . E—fﬂ 7,1,7,17
In this section, we will develop two closely related mod- | - P
els of the competition of CDW order and superconductivity ‘ sl
on a single charged stripdhe first is a class A paramagnetic %.1 M 015 o 0.25
stripe, stabilized by electron-phonon couplittg? while the X

second has dominant electron-electron coupling, \igthss

B) magne.tlc charged_ stripe order. - (equivalently:  stripe  width  assuming Xy=0.25\cpw
An earlier calculatio? used a Van Hove—stabilized CDW —0.5eVA,—-025 eV. Squares- swave superconducting gap:
= V. A= U . S= )

model to describe the doping dependence of the pseudogag., onds= copw gap; triangles= combined gap; circles: total

Here we r_eapply th_e m(_)del for a single stripg, by_ introd_ucinggap at ¢r,0), including the quantum confinement gap.
the following modifications.(1) The calculation is carried

FIG. 5. Gaps in a paramagnetic stripe, as a function of doping

out on a single, finite-width stripg2) Pinning to the VHS 0,G;
arises naturally, since all stripes are at the same dog&g. Gi=)\62|zﬁ
For closer approximation to experimemkwave supercon- EXk—EZk
ductivity is assumed4) Correlation effects due to the Hub- E2 4 crer.~oAZ_G2
bardU are neglected: previous slave boson calculations sug- % HkTEKEKRQ Tk Pk hEtk
gest that the main effect is a bandwidth renormalization by a 2E, 2kgT
factor ~2.1° 5 2 2
We briefly recall the energy dispersion and the gap equa- EZ it ececi o= A~ Gy ~k
. . ) - tanh , (15
tions of the modef! generalized ta-wave superconductiv- 2E_ 2kgT

ity. In terms of & function with interaction energiesd, and\g, and ®,=0;0¢, g,

@1:1.

(12) The CDW-superconducting competition was studied in
bulk in Ref. 31. The previous results are recovered for a
sufficiently wide stripe 100 Cu widg. For narrower

the gap functions ardg= A0 y(c,—c,)/2 for superconduc- stripes, it is found that the quantum confinement gap se-

tivity and Gg=Go+G;0¢0, 5 for the CDW. The energy verely interferes with alternative gap formation. Figure 5 il-

eigenvalues ar&.. , and their negatives, with lustrates how the various gaps vary with stripe width, near

Xo=0.25. The data are plotted versus average doping, assum-

o 1, if |E|2—5F|<ﬁwph,
10, otherwise,

, 1 5 2o ing a regular stripe array with two-Cu-wide AFM stripes
EZ k=5 (Ekt Eici o+ 2Gi = Ej), (13)  (which do not contribute to the gapasndN-Cu-wide charged
stripes of dopingxy, giving an average hole doping
EZ=ef+A?, Ef=(El-EZ o) +4GTEZ, Ei=el, +(a, —NX/(N+2).

The CDW gap is most sensitive to stripe width, but in the
narrowest stripes superconductivity is also suppresgtes
suppression is stronger fordawave gap. Strong instabilities
are possible in the stripes, but they are shifted in doping

—Ayi0)% €:=€* €, and the nesting vectoQ
=(,7). The gap equations are

Oi(cy—cy)?/4

A=\, A3 away from xy=0.25. Thus, the CDW instability requires
EZ (—E% bothE; andEg ., g to be near the Fermi level; for a two-cell-
5 ) s o wide stripe, this is only possible near=0. On the other
EL k€6 Okl AT Gl E.x hand, superconductivity is possible anywhere if the coupling
2E. , an 2k T is strong enough. For a two-cell-wide stripe, the optimal su-
’ perconductivity arises when the Fermi level is at three-
E? —ec. o~ OiclA+GH  E_, dimensional VHSt the edge of one of the stripe subbands.
- 2E_, tanthB'T ) This depends o', and fort’ = —0.276 falls atx=0.582(a

larger gap is found on the electron-doped site,—0.376).
(14 1t should be noted that, even though the superconductivity is
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assumed to be-wave, in general a finite minimum gap is 2. Electron-electron coupling

found in the stripe, even when the CDW gap is zero. This is

because the vanishirgwave gap can be sampled only when In the above calculations, the's arose from electron-
the point (7/2,7/2) is sufficiently close to the Fermi surface, phonon coupling? Similar contributions follow from
which in general requireN to be oddrecall that the allowed electron-electron coupling, in an extended Hubbard model.
values ofk, are integer multiples ofr/(N+1)] or very  For instance, the near-neighbor Coulomb repulsion has the
large. following mean-field expansion:

t t t
V 2 ni,gnj,a,=4vlzz Cﬁ’(rCQ‘U—ZV«)n)QZ (cx+cy)c|z’ac,g,0—8V<Tx>§E Crs6.0Ck o

(L)oo’

~ it o~ ot
—AV(Ty) 2 Wk Gkt V(T 2 TG, 6,0 Gk
k,o k,o

+4VY YlAck ¢l +A*Cg ci ) HANV(A2+(O0n)2+(T,)2+(T)?), (16)
k

where(T)2=(T,)2+(T,)?+(T,)? and y,=(cx—c,)/2. The
first two terms in Eq(16) renormalize the chemical potential
and the hoppind, respectively, and can be neglected. The
terms in(T;) comprise a pseudospin triplet of CDW-like (i=x,y), with
distortions, withT, representing a CDW similar to the one
discussed abové,, being related to the low-temperature te-
tragonal distortion and’, an orbital antiferromagnet closely A= —2V>, cosl; acosl;a
related to the flux phase. The remaining term ig-aave ’ T
superconductor. The coefficients of the terms must be found
self-consistently by solving the gap equations andEj=\/(ej—eg)%+ AZI._
i For the uniform charged staténfinitely wide stripe
2 <CiT,gCi,a>:1_X+ 2(—1)"(Ty), (17)  Axx=Ay,y, and the gap symmetry can be simply analyzed.
o The symmetry can be eithdrwave (A= —A,) or extended

Ai: ;y A'v]AJ (22)

tanhEj/2kgT

2Ey 23

N swave (Ay=+A,), with the choiceA, ;A A,>0 giving the
Im(cI(,cH;(,,,):—Im(c{(,cH;,,,,}:(—1)”(TZ), (18)  largest gap. The\, , term is always BCS like, having the
opposite sign fronV, while the A, , term has the opposite

Re(ci‘igcw;yo):(on)Jr(Ty}, sign fromA, , the integral being dominated by the regions
near the VHS’s. Hence, there are two possibilitigsattrac-
Re(c{ociJrg,,g):(On)—(Ty), (19  tive (V<O0) d-wave superconductivity ofii) repulsive ¥
>0) extendeds-wave superconductivity. However, the latter
(chCL)ﬂ(’l):A_ (200 would require|A, |>|A |, which does not arise in the

present model, so only casg is possible. These consider-

The terms(O,,) and(T,) have recently been discussed by ations readily generalize to a finite-width stripe, for which
Valenzuela and Vozmediarid.A detailed discussion of the A Ayy.

Competition between the three CDW-like modes is giVen in ’Agtergerg et a|_34 recenﬂy introduced a model for “ex-

Ref. 16. otic” superconductivity in multiband superconductors. If the
o Fermi surface consists of several inequivalent but degenerate
3. d-wave superconductivity pockets, the order parameter can consist of symmetry-
Retaining only the superconducting term in Ej6), the  allowed superpositions of the order parameters of the indi-
interaction can be derived from a quartic term vidual pockets. Equatiof23) can be thought of as a form of

exotic superconductivity, with the degenerate VHS’s playing

, +t the role of hole pockets.
H'=2, ViiCe Cly € 7.(Ci (21)
k,I

with V= 2V[cos(<x—lx)a+cos(<y—ly)a]. Assuming A; B. Modifications due to magnetic order

= A, coska+Ay coska, the gap equations can be written in  In the above calculations, it was implicitly assumed that
the form the doping is high enough that the only role of the on-site
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FIG. 7. Linear antiferromagneti€(LAF) array with CDW's,
showing spin and doping distribution on different sites as a function
of interaction strengthv, with U/t=6,t'/t=—0.276. The inset
shows the arrangement of atoms.

FIG. 6. Dispersion of linear antiferromagnetitAF) array
along the linear directioriX) (a), along with modifications due to
d-wave superconductivity(b) or CDW order (c). U/t=6,t'/t
=0, V/It=2 (b), 0.1(c).

repulsionU is to renormalize the band parameters. Howeverstripes, Fig. 9. Note that the order parameter is not a dure
Baskarar? recently estimated that near-optimal doping cor-wave, the gap along the stripe being larger. Such a large
relation effects remain stronger than the kinetic energy assanisotropy is not consistent with tunneling measurements of
ciated with hopping. Hence, it is important to look for stripe the gap; it is possible that the anisotropy is reduced by strong
ground states which minimize this on-site repulsiolass B interstripe coupling. On the other hand, a large gap anisot-
stripeg. The LAF stripes discussed in Sec. lll are a goodropy has been found in YBC®, where the stripes are
candidate for the cuprate charged stripes: they closely resligned along the chain directicn.

semble the White-Scalapino strip€shave an appropriate  Note in Figs. 6b) and 8 that the combination of LAF and
doping, close tax,=0.25, include strong correlations, and d-wave order leads to a finite minimum gap over the full
have the additional advantage that a two-cell-wide LAFFermi surface. While the pure LAF phase is not stabilized by
charge stripe acts as a natural APB for the AF stripes. In thighe VHS, thed-wave superconductivity is optimized when
section, we will explore these stripes and show that they cathe Fermi level is at the#,0) VHS—at essentially theame

be further stabilized by additional interactions. doping xo=0.245, as the VHS on a paramagnetic stripe.
A special form of strongly correlated CDW is found to

exist on a LAF. The charge and spin distribution is shown in

the inset to Fig. 7, with the corresponding dispersion in Fig. 2 (a) /\ 2 (b) SN

6(c). There is a strong antiferromagnetic ordering on one | 140 }-‘ I_
sublattice, while most of the holes are confined on the other__ - Y
nonmagnetic sublattice. Whereas in a conventional CDW thes. o | N——— 1ot st

charge density is zero on one sublattice and two on the othet* - "-‘:~
in this strong-coupling case the hole density varies from 0to -1 - -1 ;_'_:ll "

1, and there is no double occupancy, Fig. 7. Whereas the

paramagnetic stripes were extremely sensitive to quantun -2 =2
confinement, these magnetic charged stripes are much les 2 K L 2
so: this CDW is stable almost independently of the stripe i (:)_- dinath ~ 1,1 @ N
width. From Fig. §c), it can be seen that the gapped Fermi — o ~.
surface still has hole pockets near/g,7/2), which would g | —_——— 1ol — /
lead to conducting stripes, consistent with optical w . Rl 2
properties’® However, it is only found near a hole doping ;. == ‘\_1 —_— /\
x=0.5, and so does not appear to be relevant for stripe phys il
ics in the cuprates. -2 ‘ ! -2 ! !

Away from this doping, CDW instabilities are relatively " X s 0T X S r
weak and it is possible to stabilizewave superconductivity, FIG. 8. Dispersion of a LAF witf-wave superconducting order

Figs. 6b) and 8. While the overall dispersion varies with for a uniform systenta) or a single stripe of widtitN=10 (b), 6 (c),
stripe width the superconducting gap is also relatively insener 2 (d) atoms. Darkness of lines reflects the relative intensity of the
sitive to the width and actually increases for the narrowestlispersion feature.
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FIG. 9. Linear antiferromagnetid_AF) array with “d-wave

superconductivity, showing the magnitude of the gap alengr . . .
across(x) the stripes, as a function of stripe width. FIG. 11. Constant-energy cuts of photoemission dispersion for a

(2,2 stripe array, with LAF charged stripes, withia) 30, (b) 100,
(c) 200, or(d) 500 meV of the Fermi level.
VI. EXTENSION TO ARRAYS

In Ref. 9, the Fermi surface was calculated for a series oge_harged stripes, and in Figs. 1x<1/8) and 12 %
ordered stripe arrays. These results can now be compared fo°-1875) for LAF stripes.

experimental photoemission dafaFor this purpose we re- For both ”?C;]de's’ the stnpehbanq r;_e?re;m is in good
plot the data as integrated spectral weight over a finite energ greement wit _experlment. t_ere IS lttle dispersion perpen-
cut within energyAE of the Fermi surface. Figure (4) icular to the stripe, while the intensity falls off toward (0,0)

shows a cut WithAE=200 meV for the model of a 1/8 due to the structure factor effect. In general, the LAF stripes
doped stripe arrayi.e., x=0.125)° The pattern is readily are in better agreement with experiment, since the additional
understood: the stripe superlattice leads to a number o ubé)a?ds p(rjedcl)cted for patramagr_lettlﬁ stnﬁms_vmg tfrc\)/\r/r;]_l
quasi-one-dimensional bands; however, due to structure fa r? ) (t)\_/varl ( w)t]_are no S?ﬁn In the ex;iezlhmen : e "
tor effects, they have significant intensity only near the origi—thetm‘;’lh.rlx € (fafmetn mproves i € aglzjree;cmen ' te.ory s#gtges S
nal Fermi surfacésolid line in Fig. 1@a)]. For comparison at this eoec IS ~present only for certain photon
with experiment, the calculated spectral weight is Symmepolarlzat_lons“. One disagreement with experiment for both
trized (0gr)« (,0) in Fig. 1ab) to represent a sample with mode!s IS thaF fo_r shallow energy C.UBO’ 100 mey the
regions of stripes running along bob and Y directions experiment still finds a smeared dispersion rather than a
Finally, an empirical matrix element is included, Fig.(d)Q
which extinguishes spectral weight along the zone diagonal (™ (mm)
(0,0)—(7r,r), similar to the matrix element assumed in ana- ' (@ H

a ) (b)

|

lyzing Bi22123839The resulting Fermi surface maps for sev-
eral values ofAE are illustrated in Ref. 12 for paramagnetic

(0,m) (m,m)

(0,0 (1.0

FIG. 10. Constant-energy cuts of photoemission dispersion for a
(2,2) stripe array, within 200 meV of the Fermi level. Lines
= Fermi surface of bulkor very widg charged stripes. Relative (g o)

(m.0)
intensity increases with darker shadin@ Representative of a
single domain sampldp) for a multidomain samplésymmetrized FIG. 12. Constant-energy cuts of photoemission dispersion for a
about the zone diagonal(c) with a diagonal-suppressing matrix (2,6) stripe array, with LAF charged stripes, withia) 30, (b) 100,

elementM=|c,—c,|. (c) 200, or(d) 500 meV of the Fermi level.
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sharp Fermi surface. This is presumably an effect of stripdut in either case associated with strif@$° Similarly, a
fluctuations. pseudogap arises in the nickeld@fein conjunction with

It should be noted that all the spectral weight in Figs.stripe fluctuations and turns into a true gap at the charge
10-12 is associated with the charged stripes; the lower Hulordering temperature. Therefore, the fact that the pseudogap
bard band of the AFM Stripes lies below 0.5 eV in LSCO. It closes in the overdoped regime in the cuprates Strong|y sug-
is somewhat surprising that the spectral weight nearest thgests that stripes terminate at the same doping, as a form of
Fgrmi level is near 4,0), since this i_s where the pseudogapquamum critical pointQCP.>%In an EPS model, this dop-
arises. Nevertheless, our calculation reproduces both thgy should also be,, and we present evidence that this is the
(quantum confinementpseudogap, Fig. 4, and the spectral . qa
weight distribution. Tallor*? finds an optimal doping at,,;=0.16 for all cu-

prates, with respect to which the stripes terminate at a doping

VIl. DISCUSSION x=0.19. However, it is hard to reconcile a common optimal
A. Evidence for charge stripe dopingx,=0.25 doping with muon s_pin resonance d?&a/,vhich_find T is_,
. . optimized at very different values af/m (ng is the pair
1. Doping on charged stripes density, which seems to scale with the hole dopthgndm

Recent evidence suggests that the stripes and pseudogeffective masgfor LSCO and YBCO. We assume instead
terminate at the same doping while superconductivity per- that m is approximately constant, sq,,; scales withn/m;
sists to higher dopinf.However, the proper choice of, thus, if Xopt=0.16 for LSCO, it is 0.21 for YBCO, in good
requires some discussion. The neutron diffraction measurexgreement with several estimaf@sThis also resolves a
ments of Tranquadat al? and Yamadaet al® have estab- problem with the thermopower. While the thermopower ap-
lished that charged stripes in 43S, CuQ, (LSCO) have an  pears to be universal for most cuprates and the best means of
invariant topology over the doping range 0s0%<0.125, estimating the doping is from room-temperature ther-
acting as APB's for the AFM stripes and having a net dopingmopower, LSCO is anomalous in that “overdoped” samples
of 0.5 holes per stripe. However, there are two models foktj)| have high thermopowéPf If the doping for YBCO is
how this charge is distributed: either in one row with averaggegcaled as above, however, the thermopower data of LSCO

hole density 0.5 hole per copper site or in two rows with 0.25¢5)| ony the universal curve. Hence, the anomaly for LSCO is
hple PEr copper. These two .alternatwes are often somewh%t in the thermopower, but in a too low valueBf, which
simplistically referred to as site order versus bond order. The

: P ' "% accompanied by a too low value ®f,,. It is likely that
strongest evidence distinguishing between the alternanvet?1ese fearzures arg associated with asr::tompeting {TT phase
comes from x-ray data on the charge ofdet x=1/8: non- ’

observation of diffraction harmonics suggests a sinusoidat‘f;g'cn?c::tTg;:lﬁggzgesq:iéz I;iﬁgaat‘igﬂs\'vhmh also leads to

distribution of charge. For a four-Cu-wide repeat distance, . .
two insulating and two charged rows would be exactly sinu- 12KINg Xop=0.21 for YBCO gives x,=19/16x0.21
soidal, whereas one charged and three insulating rows shoufd0-22, Which agrees with the above estimate for the doping
have significant harmonic content. A similar conclusion wasPn the charged stripegy. We believe this value holds feill
reached by muon spin resonancetSR) line shape Ccuprates including LSCO, as shown below. This would lead
analysis*? However, the charge ordering peaks are weak!0 very wide charged stripes near optimal doping: the width
and it remains possible that fluctuations or disorder could®f the charged stripes), satisfiesN/(N+2)=16/19 orN
wash out the harmonics. =32/3=10 Cu wide. Hence, models of isolated quasi-one-
Direct evidence for the density on the charged stripes islimensional charged stripes are likely to be valid only in the
found from low-temperature nuclear quadrupole resonancar-underdoped regime, while for the good superconductors a
(NQR) measurement§, which find valuesx,~0.18-0.19. better model would be a metal with intrinsic weak lirfKs.
While this is close to the lower value, the small difference Here we show that strong magnetic correlations extrapo-
can also be understood: this isogal measurement, and it is |ate to zero(i.e., magnetic stripes disappgat the same
expected that some holes will be pushed off onto the magdoping for which the pseudogap clos€s®? Figure 13a)
netic stripes. The lower doping is also more consistent wWithcompares the intensity of the integrated inelastic neutron
the t-j model simulations of White and Scalapitiblndirect scattering near+#, ) as a function of doping in YBCQREe.
evidence favoring the lower hole density includes the factsg) and LSCO?LIn a stripe picture] should be a measure of
that it is easier to understand the properties.of AFM stripes ifha fraction of material in AEM stripes. Remarkably, the in-
terms of even—_Ieg Iadder(se;l%., the AFM stnp_es would be tensity extrapolates to zero at nearly the same doping in both
two coppers V\."de a=1/8), " and that the stripe phase ap- materials, even though,(x) peaks at substantially different
pears to terminate when the average doping approaxhesdopings_ For both materials, this is the doping at which the
=0.25, as discussed below. pseudogap closes. Furthermore, a study of the neutron dif-
fraction pair distribution functiot for LSCO finds evidence
for charge fluctuations, presumably associated with stripes.
We assume that the pseudogap is associated with an ord€he excess fluctuations are maximal near0.15 and termi-
parameter which competes with superconductivity, representiate neax=0.25. Strong reductions of thermal conductivity
ing either magnetf“® or charge-density-wavé*’ order,  associated with stripe scattering also terminate at a compa-

2. Doping at termination of the stripe phase
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100

coupled with a suppression ®f..°” On the other hand, both

s | facts are compatible witly~0.25, Fig. 13.

60 |
3. Crossover at /B doping

Te

40
For xo~1/4, the crossoveKk. =Xy/2 can be identified
with the 1/8 anomaly, where both charged and AFM stripes

have their minimal widthitwo Cu atom$ There is consid-
erable evidence that the doping 1/8, in addition to its special
stability, acts as a crossover in the properties of the stripes.
Thus, Uchidaet al.®® studying the Hall coefficien®,,, find

a crossover from one-dimensional behavi®,(~0 asT

_ —0) for x<x.,=1/8 to two-dimensional behavidcoupled
charged stripgsfor x>x,. In YBCO, the spin gap grows
slowly with doping for x<x;,, then more rapidly forx

A >X¢r; this behavior can be understood in terms of coupled

20 |

0.8

0.6

04

02

° 008 o X°'15 02 0251 spin ladders, as the coupling changes with the width of the

o _ ~ charged stripeS.In Eu-substituted LSC®’ the Meissner
FIG. 13. (8 Magnetic inelastic sc_atterlng intensity Vs in fraction is negligibly small fox<x.,, then grows roughly
YBCO [squaresRef. 59] and LSCO[diamonds(Ref. 2 and tri- |inearly with doping untilx=0.18, staying large up to at least

angle (Ref. 1)]. Inverted triangles= (scaled effective exchange
constant in RE-substituted LSCO, estimated from slowing of spi
fluctuations(Ref. 64. (b) Correspondingd .(x): solid line = YBCO
[circles(Ref. 59]; dashed line= LSCO.

x=0.22. Finally, the two-magnon Raman peak in LSCO has
"a splitting at low temperatures which has been associated
with stripes’® in analogy with similar observations in
La,_,SrNiO, (LSNO).”* For x<x,, the ratio of the two
peak frequencies is constant and consistent with a simple
stripe model; forx>Xx., the lower frequency starts decreas-
ing with doping. Moreover, the higher frequency loses inten-
sity with doping; nearx=0.26, theintensity of one mode
approximately disappears, while tlfiequencyof the other
mode extrapolates to zero.

rable dopind’* while a recent optical stud§ finds evidence
for a quantum critical point at a similar doping~0.22.
Moreover, in Bi2212, Tokunagat al®® have introduced a
new crossover temperatuiig,x based on Cu NMR, below
which AFM correlations develop; they finB,x—0 nearx

=0.26.
A recent NQR study of the slowing of spin fluctuations in
rare-earth(RE-) substituted LSCQRef. 64 finds that the 4. Clusters for »>1/8
effective spin stiffnespS'" (or equivalently the effective ex-  The yamadi?®™ plot, Fig. 14a), provides a severe con-

change constahscales to zero at a ccf)fmparable doping; thestraint on any model of stripes: in LSCO the incommensura-
inverted triangles in Fig. 13 showr2pg /460 K. There is a  pjlity § is found to grow linearly with doping fox<x., but
1/8 anomaly, in that the doping dependence®f changes to saturate fox>x.,. Furthermore, the saturation value is
radically belowx=0.12. Note that while the integrated neu- just the incommensurability expected for=1/8 doped
tron intensity scales approximately with the area fraction ofstripes, 55,=x., . A similar saturation has been reported in
charged stripes, epg” scales to~460 K asx—0. Thisis  YBCO, but different groups find different values féx,,:
only 1/4 of the actual spin stiffnesszp=1.133=1730 K = ~1/6 (Ref. 73 or ~1/10 (Ref. 74. If either of these values
in the undoped AFM. The change by nearly a factor of 4 isproves correct, it would suggest some nonuniversalitgyin
suggestive of a dimensional reductidower coordinatiof, ~ perhaps associated with bilayer splitting.
but for an isolated straight spin ladder, a factor of 2 might For x<1/8, the EPS model agrees with the Yamada plot,
have been expected. Fig. 14b): an increase in doping causes the AFM stripes to
It is important to note the proximity of this termination of narrow, with no changes in the charged stripes. Note that, for
the phase separation regime to the VHS: the arrow in Figconcreteness, we have assumed that the charged stripes have
13(a) shows the doping at which the pseudogap in the heatAF order (Sec. Il)); these stripes naturally act as APB'’s,
capacity® closes, leaving an approximately logarithmic consistent with the neutron evidence. However, a simple ex-
peak®* while the X indicates the point at which photoemis- tension of the stripe model for>1/8 is in disagreement with
sion finds the VHS crossing the Fermi le%&Termination of  the Yamada plot, Fig. 14): as the charge stripes get wider,
the stripe phase close to a VHS is an important prediction ofnd the incommensurability should decrease, while the neu-
our EPS model of stripes. tron peaks may broaden if the wider charge stripes do not act
Figure 13 provides strong constraints on the valugpf as APB’s. This behavior is not observed. However, the model
LSCO is the only cuprate for which the value »is mea- can be simply modified to explain the observed saturation,
sured directly, and a valugy=0.19 for the stripe termination Figs. 14d) and 14e). This would be a commensurability
is clearly too low for LSCO: when the stripes are gone, mag-effect, with part of the sample pinned at 1/8 doping while the
netic correlations should be weak, but there is evidence forest forms a different phas@.g., at 1/4 dopingwhere no
long-range magnetic order at=0.2*> and 0.21, the latter stripes are present. Such behavior is well known in nick-
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anomalies in Bi2212 have been interpreted in terms of simi-
o lar electronic domain3 suggesting that they are representa-
@) o s tive of the bulk, while measurements on other cupratesd
500 \ © similar anomalous behavior which was interpreted in terms
of pinned CDW's, possibly stripe related. A domain picture

01 r N 1 would also explain the persistence of nodal quasiparticles in
o the underdoped regime, at least down to 1/8 dofing.

/\\ In conclusion, the assumption of a charged stripe doping

AN Xo=0.25 reconciles the neutron diffraction data, evidence for

0.05 b c AN 1 a termination of the stripe phase negs, and the 1/8
N anomaly as a crossover effect negf2, while commensura-
N bility effects can explain the saturation in the Yamada plot
. . and the STM observation of charge domains.

X B. Superconductivity in charged stripes

We suggested earliethat the peak and hump features
seen in photoemission from Bi2212 were associated with the
charged and the AFM stripes, respectively. As such, the in-
tensity of the peak should have the doping dependence pre-

& cooybo dicted for charged stripes, with the intensity increasing from
coofto zero at half filling, approximately linearly with doping
% coofy 4o This has now been verified experimentafif* Moreover,
cooebyo . . . .
the maximum intensity of the spectral weight occurs at the

FIG. 14. (8) Yamada plot of incommensurabilit§ vs dopingx ~ Same dopin® x, discussed above, where the stripe phase
for LSCO. Open squares= elastic neutron scattering in Nd- terminates. Remarkably, the peak spectral weight closely
substituted samplegRef. 2; others= inelastic neutron scattering tracksT., suggesting that theuperconducting pairs “live”
for vertical stripegopen circlesRef. 1) or diamonds(Ref. 73] or  in the charged stripesas predicted by several modéf$?
diagonal stripedsolid diamonds(Ref. 72]. Dashed(solid) line Consistent with this, a number of measures of the strength of
= prediction of EPS model withouwith) commensurability effect superconductivitycondensation energy, critical currgmtre
at 1/8 doping.(b),(c) = Stripe phase model without commensura- optimized at this same pofiit®®® where the charge stripe
bility effect, atx=1/12(b) and 1/6(c). For this figure, the charged intensity is maximum and AFM stripes vanish. The fact that
stripes are assumed to have linear antiferromagnetic 68eer Il). T jtself is actually optimized at a slightly lower doping may
(d),(e) = domains associated with commensurability pinning of 1/8 e g hint that stripes can enhance the superconducting gap, as
doped phase(e) = blowup of (d). found above, Fig. 9. An analysis of the superconducting fluc-

elates, where the coexistence of 1/3 and 1/2 stripes is comtyations in the under_dpped_cupréfdeads_ to similar conclu-
mon. sions: superconductivity arises predominantly in the charged

Further evidence for commensurability pinning is found StiPes (or domaing, so the phase coherence temperature
by noting? the similar doping dependence of the chemicalf@!ls in underdoped cuprates, due to weak qquphng between
potential x in LSCO (Ref. 79 and LSNO(Ref. 76, where _domalns. Rer_narkably, the mean-flelq transition temperature
the latter is clearly caused by commensurability pinning of 45 €nhanced in the underdoped regime, consistent with the
striped phase. The recent STM observations of local chargelf€oretical results of Fig. 9.
domains in Bi2212Ref. 4 paint a similar picture. The ob-
sg_rv_ed broad gap distribution is prgsumably due.to tht.a.sen- VIIl. CONCLUSIONS
sitivity of the EPS to the local density of charged impurities,
presumably interstitial oxygen in Bi2212. This sensitivity to ~ Recent experiments have provided considerable evidence
impurities leads to the question of which came first: is afor the presence of stripes and EPS in the cuprates, but there
preexisting EPS sensitive to local impurities, or does oxygeriemain many questions as to how universal these are, how
clusterindg’ provide the driving mechanism for domain for- they arise and vary with doping, and how they interact with
mation? Since the electronic inhomogeneity seems charactesuperconductivity. We have here elaborated our edrlier
istic of most cuprates while there is considerable variety inmodel of stripes driven by frustrated phase separation, in
the doping counterions, the simpler interpretation would apparticular adducing evidence that the doping on the charged
pear to be that the EPS is primary. Thus, in,CaQ,, s Stripes is close tx=Xxy=0.25 and that when the average
(LCO), the interstitial oxygens are highly mobile, allowing doping approaches this value EPS terminates. Moreover,
the domains to grow to macroscopic size. Similar clustergiearx,,=Xq/2 there is a crossover in stripe properties: for
form in YBCO (here associated with chain oxyggnsut can  X<X, the charged stripes are quantum confined, andfor
be suppressed in fully oxygenated samples by quencfiing.>Xx., the AFM stripes are so confined. This model can ex-
On the other hand, well-formed stripes appear when the dogplain the 1/8 anomalyX=x.,), the anomalous Hall effect
ing counterions are least mobile in LSCO. Microwave (Ry—0) (Ref. 68 for x<<1/8 (charged stripes confined,
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hence one dimensionaknd the growing spin gap in YBCO leveP*®is consistent with VHS-stabilized charged stripes.
for x>1/8° Finally, the idea of a commensurability effect near 1/8

On the important issue of theructureof a charged stripe, doping, leading to a coexistence @émainsfor x>1/8, pro-
we have explored a number of possibilities without comingvides a simple explanation for a large variety of experimental
to any final conclusions. While there is evidence that superfindings, including the saturation of the Yamada plot, the
conductivity “lives” in the charged stripes, there also ap- direct observation of domains in STM studies, and a variety
pears to be a second instability in these stripes, which stabsf microwave anomalies. This may also lead to a resolution
lizes the stripe phase while competing with of the combined puzzle of magnetic neutron scattering in-
superconductivity. We have shown that a semiquantitativeommensurability and the neutron resonance peak. A stripe
understanding can be achieved by looking at the propertiesiodel provides a natural explanation of the incommensura-
of a single doped ladder, and we have discussed how a nurbility for x<1/8, including a stripe reorientation transition at
ber of instabilities(both CDW and superconductihngary  the metal-superconductor transition ngar0.053. However,
with ladder width. We showed that strong correlation effectsa band pictur® (with Ex close to a VH$ provides a supe-
could lead to charged stripes with a residual magnetic orderjor model for the combined, frequency-dependent incom-
introduced a simple model for White-Scalapino-like stripes,mensurabilitycum resonance peak found near-optimal dop-
and found novel superconducting and CDW instabilities asing in YBCO and Bi2212. An EPS crossover from stripes to
sociated with such stripes. We illustrated how stripe ordetlomains neax~ 1/8 would provide a natural explanation of
would affect angle-resolved photoemission spectroscopyhese phenomena.

(ARPES spectra, both dispersions and Fermi surface maps.
Fu_ture studies will apply the model to describing other prop- ACKNOWLEDGMENTS
erties of the cuprates.
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