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Finite wave vector Jahn-Teller pairing and superconductivity in the cuprates
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A model interaction is proposed in which pairing is caused InpalocalJahn-Teller-like instability due to
the coupling between planar O states dn#0 phonons. Apart from pairing, the interaction is found to
naturally allow metallic stripe formation. The consequences of the model for superconductivity in the cuprates
are discussed. The model is shown to be consistent with numerous sets of experimental data in quite some
detail.
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[. INTRODUCTION an analysis of the data is shown in Fig. 1. The energy of the
anomaly of E;=65-85 meV is of the order of the

A Jahn-Teller(JT) polaron pairing effect was originally “pseudogap” energy, while its width oAE=5 meV cor-
proposed as a possible explanation for the superconductivitiesponds closely to the linewidth expected from the mea-
in La,_,Ba.CuQ, by Bednorz and Miler." Since then, the sured pair recombination ratdy mcr=4 meV.!® At the
JT effect has been discussed by a number of authors in difioping level ofx=0.15, the two-dimensiongRD) volume
ferent contexts® and although many features have been ob-of the object in Fig. 1 contains approximately 1.5 carriers.
served experimentally supporting the general concept of JTaken together, the implication is that the objects can be
polarons’® so far no generally applicable model has beeninterpreted ak-space “snapshots” of individual pairs.
shown to be compatible with the overall phenomenology ob- Additional experimental observations that we consider
served in the cuprates. One of the major problems is that thienportant in the present context are evidence for the coexist-
single-ion JT energy splitting between @y._,- states and ence of two carrier types in a large part of the phase
ds,2_,2 States is thought to be of the order of 1 eV or more,diagram}®?° and—in addition to the “pseudogap”—the ap-
too large to play a role in the pseudogap physics, which igearance of a temperature-dependent superconducting gap
believed to be the energy scale of the pairing interactionA.(T), which closes af, (Refs. 21 and 1Bthat is particu-
which is of the order of 0.1 eV. Nevertheless, the observatioharly well observed at higher doping levels and has a magni-
of a large isotope effect on both, (Ref. 9, T* (Ref. § and  tude atT=0 of A (0)=<A,.
penetration deptfl firmly establishes a role for lattice po-
larons in the pairing mechanism, while the fact that a depres- II. JT PAIRS AND STRIPES
sion in the spin susceptibility usually appears at a lower tem-
perature than the “pseudogap” observed by charge Before proceeding with the analysis of teep coupling
excitation spectroscopiE's? suggests that a lattice pairing for the case of generd, let us briefly discuss th&-point
mechanism is primary and the spin ordering follows. coupling k=0) in the tetragonal groubﬂ (14/mmm ap-

In this paper, we outline a microscopic pairing scenario inplicable to La_,Sr,Cu0,. The symmetrized cross product
La,_,Sr,CuQ, driven by a finite wave vector JT instability. of the representations at thepoint is
We find that the proposed model can explain many of the
general features both in the underdoped and overdoped re- [EuXEy]=[EgXEg]l=A14+B1g+Byyg, (D)
gions of the phase diagram and is fundamentally compatible
with the overall phenomenology of the cuprates.

The experimental observations on which the present sce-
nario is based are mainly those showing evidence for the
existence of dynamic incommensurate lattice distortions as-
sociated with doped holes. Inelastic neutron scattering,
neutron pair distribution functiotPDP), ** extended x-ray-
absorption fine structuréEXAFS),*>1® and electron-spin-
resonancéESR!’ experiments all show the existence of dy-
namic lattice distortions on time scales relevant for pairing of
10 -10"'® s. The inelastic neutron scattering ddtd can
be singled out fodirectly giving not only the energy, but
also the wave vector associated with the lattice distortion and k,~ (1/2a,0,0)
its range ink space without any interpretation or modeling.

The observed distorted regions appear to be along the FiG. 1. The distortion in the Cu-O plane corresponding to the
(£,0,0) [or (0£,0)] directions and have typical dimensions anomalous mode observed in inelastic neutron scattering in
in real space of 8x5a(8x20 A), wherea is the lattice  La,_,Sr,Cu0, (Refs. 13 and 111 The O displacements are those of

constant. A schematic diagram of the distortion derived fronthe 7, mode shown in Fig. 3 and, in general, have different phases.
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FIG. 3. The ionic displacements in La Sr,CuQ, correspond-
ing to 7, symmetry of the little group at thE point in the BZ. The
mode observed in neutron scattering corresponds to th#&) @is-
placements.

ing along the Cu-O bond direction or along 45° to it, we
FIG. 2. The Brillouin zondBZ) of La,_,St,CuO, correspond-  Need to consider the general wave vectaand theA points,
ing to the tetragonal phase with point groDpy, . corresponding to the{(0,0) and ¢,,0) directions, respec-
tively. [The special symmetry pointd’( X, andM, etc) give
which contains no degenerate representations. On the othége to commensurate distortions that will be discussed Jater.

hand, the lattice vibrations at tHe point transform as The relevant lattice deformation associated with the neutron
mode at 75 meV(Ref. 13 (Fig. 1) is of 7, symmetry, where
I'=2A14+4As+ By, +2E4+5E,. 7, IS the irreducible representation of the little group corre-

sponding to theX direction in the BZ as shown in Fig. 3.

point, electrons can couple only with,. phonon modes. In Since in principle all modes of; symmetry can co.uple to

D t’here are two such modes associgated With apex o.x enel_ectrons, for comp_letel_wess we show all the possible modes
ah P YIENGith 7, symmetry in Fig. 3. However, the most relevant

or La ions. However, the experiments show that the modeg, e o the one for which the anomaly is observed to be

wxﬁlxedd |rr11 tthe mltractut?]% areinth_?_z(ia ?f L;l—plar;e t(h) ?Tt]oms’most pronounced—involves in-plane O1 displacements
ch do hot couple a point. This ieads us fo the ma along the Cu-O bondé&see also Fig. 11

conjecture of the proposed pairing model, namely, the exis-
tence ofintersite pairs that form via &+# 0 interaction.

The existence of intersite pairs in cuprate superconductors
is inferred from their very short coherence length. Given that Since theX point has a four-pronged star iD,,, the
the pair dimensiong, cannot exceed the coherence length,coupling of electrons in single nondegenerate electronic
i.e., 1p=¢&, we may infer that any possible lattice distortions states tck# 0 phonons can be written as
associated with pairing have a finite rang¢,. The effect 4
of such lattice distortions should also be evident in reciprocal .
space with an anomaly centered around a wave vector Hi”tzlz;f n'~3k0§=:l Ek: 9(ko,k)explikh) (bl by, (3)
=1/,. Following the inelastic neutron-scattering ddthat o
shows an anomaly approximately laj=[ + m/2a,0,0] ex-  Wherel is the site label, and
tending over almost half the Brillouin zonéBZ) Ak

Since there are nd@,y and B,y representations at thE

A. k#0 phonon coupling to nondegenerate electronic states

— 2\1/2 2 2
~1/2a, we can write the electron-phonon interaction for 9(ko k) =g(my) H((k=ko)™+ %), @
such an object in the form where k, are the four wave vectors corresponding to the
prongs of the star associated with the interaction. The non-
9(ko,K)=go/[(k—ko)*+¥], (2)  degenerate electronic states in this interaction allowed by

symmetry are associated wifl) orbitals of planar oxygens
and transform a#.,, or B, representations of th 4, sym-
metry group. However, the Hamiltonid8) above on its own
does not lead to symmetry breaking, and thus is not of direct
relevance for pair or stripe formation.

wheregg is a constant describing the strength of coupling
andk, defines the wave vector associated with the interac
tion and its range ink space, which—neglecting
fluctuations—also defines its extent in real spéogerhole
spacing asl,~ kgl. v=Ak defines its width irk space and
gives the width of the distribution of intercarrier distances
within the interacting pair. This is related to the average size
of the deformation of each particle in real spagce'.

We now proceed with an analysis of tleep coupling A more interesting case arises when twofold degenerate
using group theory fok+# 0 intersite pairing and first discuss levels (for example, the twdE,, states corresponding to the
the relevant phonon modes. The BZ corresponding to thelanar Op, and p, orbitals or theE, and E, states of the
tetragonal space groupﬂ applicable for La_,Sr,CuQ, is  apical Q interact withk#0 phonons. We are particularly
shown in Fig. 2. To consider local pairs and/or stripes form-interested in the phonons that lead to symmetry breaking and

B. k0 phonon coupling to degenerate electronic states
(Jahn-Teller-like pairing)
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allow the formation of intersite pairs or stripes. In E§), we

give the invariant Hamiltonian that couples degenerate elec-7

tronic states to phonons transforming as therepresenta-
tions of the group of wave vectofs, . Taking into account
thatE, andE, representations are real, and Pauli matriees
corresponding to the doublet d&y or E, transform as

A (KZ+K3) for
10
707 lg 1)

Big (Ki—kJ) for

Bog (kky) for

0 1
91711 o)

i o)

andAyg (s,) for
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FIG. 4. A schematic phase diagram suggested on the basis of the
proposed model for the cuprates. The dashed line indicates the tem-
peratureT*, wherekT*=E ;. The solid line indicates the tem-
peratureT. of the onset of macroscopic phase coherence and is
given by Eq.(7).

distortion will be determined by the balance of short-range

representations, respectively, an invariant Hamiltonian igttraction, long-range Coulomb repulsion, and kinetic

given by
4
Hin= Uo,lkEl 2 go(Ko.k)exp(ik)(b"  +Dby)
,S 0=
4
+> 03 2 2 ga(ke K)(KE—K2)
Is ko=1 K
xexp(ikh)(b! , +by)
4
+|2 0'1,|k21 ; 92(ko,K)kyk, explikl) (bl .+ by)
,S 0=
4
+2 0218, 2 2 Galko,k)kG explikl) (b +by),
(5)
where
9i (koK) =gi(m ¥ Y[ (k—ko) 2+ ¥?]. (6)

The first term in Eq(5) describes symmetric coupling and
is identical to the nondegenerate céke. (3)]. The second
and third terms describe thepinteraction corresponding to

the andA directions, respectively, while the last term de-

scribes thecoupling to sping?.
The proposed interactiaf®) on its own, results in a split-

energy?®

Now let us discuss the properties of the system governed
by this Hamiltonian Eg. (5)]. The importance of the differ-
ent terms is of course to be determined by experiments. For
example, the large 20% anomaly in inelastic neutron scatter-
ing at theX point clearly emphasizes the secordivwave
term, while the absence of strong anomalieskatO de-
emphasizes the symmetris-(vave) term and so the new
ground state is expected to be a pair that extends over a few
unit cells along the Cu-O bond direction-¢,0,0) or (O,
+¢,0).24 The internal lattice structure within the pair is dis-
torted, so pairing would be associated with a reduicedl
symmetry within the pair. In other words, the tetragonal or
pseudotetragonal symmetry of the crystal is broken locally
by the formation of a nonlocal JT pair with a binding energy
E;r given by the solution to the Hamiltonia®). We thus
associate the pairing energy gipr with the experimental
observation of a “pseudogap” &T* ~A,=E,.'**®

To understand these finite wave vector JT pairs in the
context of the phase diagram of the cuprates, we consider the
effect of thermal fluctuations as the temperature is reduced
through T* in the underdoped phag¢ig. 4). For T>T*
thermal energy prevents the carriers from forming pairs at all
levels of doping'shown schematically in the top row in Fig.
5). ApproachingT*, JT pairs start to form and exist in equi-
librium with unbound carriers according to chemical balance
at thermodynamic equilibriumy,pouna€xd —Ejr/kgT] and
shown schematically in the lower panel of Fighp [The

ting of the degenerate states, breaking the tetragonal symmeeping dependence af,, which is observed to approxi-

try and resulting in a local orthorhomb ic distortion laf

mately follow an inverse lawh ,~1/x (Refs. 19, 18, and 35

extending overy in k space. It can, therefore, lead to the is suggested to be a result of screening as discussed by Al-
formation of bound intersite pairs and/or stripes with no fur-exandrov, Kabanov, and Mdi,and will not be discussed
ther interactions. Of course the stability and size of such durther here]
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Doping
x <0.1 x=0.1 x=0.15 x>0.2
. . . FIG. 5. Real-space schematic
: ° . ‘ ° diagram representing approxi-
. . . | T mately 100 unit cells £4&?) in
. . ¢ . °lle ® . KT > T the Cu-O plane at different doping
. . . e o« * c * . . levels: (a) for T>T*, the carriers
. . c e e e are unbound single particlese-
o . . e Ve gion 1 in the phase diagram in
= t e c T 5 Fig. 4) and (b) for T<T* in the
© ] underdoped stat@egion 3 in Fig.
8 . . . . . c, o 4), pairs and unbound particles co-
. . \\‘\%\ P k\\\\\\ B ///Z:%;/ . x\\ exist Wltth few s(;rlp_es. Foﬂ(’j<_T*th
. N //// - N 5 . . s \\N near optimum doping and in the
\\R\ % \ . . . . N kT <T overdoped state(c) and (d), re-
) . . 2 \\\\\\ ° . spectively, pairs coexist with un-
! . \\\ (_P)\ ol .. & 3 bound particles and stripes.
a) b) c) d

For such nonlocal pairs to be stable, the energy gained blgoth are consistent with the finite-wave vector nonlocal JT-
the JT pairing must counteract the Coulomb repulsion bepairing interaction described her@he detailed mechanism
tween two charge carriers within the p&s;=V,. Theup-  for the formation of a phase-coherent condensate is not the
per limit for the Coulumb repulsion between two carriers subject of the present paper and will not be discussed further
approximately one coherence length apart is givenvby here)
=e?/4mer=0.3 eV [taking r=ro=h/ky=1 nm <&, and ¢
=4 (Ref. 27]. However, sinces(w)>4 in the relevant fre-
quency range for pairingl—4 TH2,?’ the relevant value of
V; can be significantly smaller and can be easily overcome So far, the discussion concerned a intersite pairing-JT ef-
by Ejr. fect with two particles involved. If more than two particles

Once preformed bosonic pairs exist, superconductivity@re involved in the interaction, the effect of B§) is similar
can occur when phase fluctuations between these pairs ad@d provided,> y [Eq.(1)], a JT distortion can occur along
sufficiently reduced so that phase coherence can be estad-Stripe, for example. The internkdttice structure of such
lished between them. This can occur by Bosestripes is defined by the JT lattice distortion, just as for pairs.
condensatiof? 3 or some form of the Kosterlitz-Thouless The shape of these objects is determined primarily by mini-
transition®32 In both cases the critical transition tempera- mization of the Coulomb energy, and the formation of 1D
ture in the underdoped region of the phase diagram is giveftripes i35 clearly more favorable than 2D clusters in this
by an expression relatirif, to the pair densityr, and effec- respect? The incommensurability of the dynamic JT distor-
tive massm™*: tion given byk, means that the number of sites in the stripe

is larger than the number of carriers, resulting in a partially

TC:ﬁZnE/D/(Zm*)kB, (7)  filled ground state. The electronic wave function inside such

stripes isextendedthat is, it extends throughout the entire
whereD is the dimensionality of the systefi An important stripe, and the macroscopic transport properties in the normal
issue related to whether Bose condensation occurs or anothstate are thus expected to be dominated by hopping or tun-
mechanism is responsible for the formation of the condenneling of carriedetweerthe stripes, rather than within them.
sate formation is the number of pairs per coherence volum&he elementary excitations of such objects are expected to be
V¢. Using the experimental upper limit of coherence lengthFermionic and metallic in character, which makes their sta-
in Lay 555 14CUQ, at T=0 of é=20 A and assuming for the tistics different than for the JT pairs, which are bosons. The
moment a uniform carrier density in the Cu-O planes, then afT stripes are expected tmexistboth with JT pairsand
a carrier concentration of=0.15 there are approximately unbound particles, with their relative populations determined
1.5 pairs per coherence volum€onsidering the experimen- by chemical balance and the pair binding enekgy com-
tal error and uncertainties in geometrical factors involved inpared to the stripe formation energy. A schematic real-space
determiningg, it is clear that a crossover seems to occur neat'snapshot” of this phase is shown in Fig(d&. Note that
optimum doping fromn,<1 perV, to n,>1 perV,, im-  because we have a four-pronged star for Xhpoint distor-
plying a crossover from a Bose condensation to artions, four different types of stripes can form, each corre-
overlapping-pair superconductivity scenatiolmportantly,  sponding to one of the fous,. Since the little group at the

C. Stripes
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point does not have inversion symmetry, the stripes can havat low temperature¢see Fig. 4. In contrast, the crossover
a local polarization(i.e., have a ferroelectric phaserhis  from region 1 to 3 is governed by excitations across the
may explain the presence of a spontaneous polarization ipseudogap with the temperature dependence of the suscepti-
these materials and the appearance of a pyroelectric effect hility given by x(T) o 1/T® exy —E;r/kT].26:1912
La,_,Sr,CuQ, (Ref. 34 and other cuprates.

A most simple and appealing possibility is that supercon- IV. DISCUSSION
ductivity in the presence of stripes still occurs via the same
preformed pair scenario as discussed in the previous section. AN important issue that needs to be discussed is the effec-
However, the stripes then appear to have a detrimental effeéive mass of the nonlocal JT pairs coupled k¥ 0 wave

on superconductivity because they take up carriers and thigctor phonons. Let us consider—for simplicity—only the
reduce the number of pairs. most experimentally relevant interaction far-point cou-

pling, i.e., the kf—k?) term of the Hamiltonian Eq(5). In
this case, we can apply the Lang-Firdbwransformation,
Ill. OVERDOPED REGIME which will give an appropriate estimate of the particle
mass=® In that case, the effective mass renormalization is
As the density of doped holes increases with increasing@xponential:
doping, the spacing between them becomes comparable to
the pair size and they start to overlap, so interactions be- * _ 2 8
tween the pairs and stripes become important, and some kind FO = eXPQerr), ®)
of collective or cooperative effect that extends over both ,
types of objects needs to be considered. wherem, is the bare electron mass, and
The Hamiltonian in Eq(5) introduces a number of length
scaleqsee Fig. &c)]. The first is the mean distance between
the charge carriers in the pafor within the stripg I,
=1/ky. The second is the length of the stridgsand finally, o ) o )
there is the length scale, describing the characteristic dis- FOr simplicity, here the integration is carried over the Cu-O
tancebetweerthe pairs or stripes, which is determined sim- Plane, s refers to in-plane momentum. Assuming that the
ply by the carrier density. main cpntrlbut!on comes fr_omzko, ignoring the effect of
With increasing doping, the distance between the pairg’ @nd integrating, we obtain
and stripesl, decreases, and increased screening reduces 2 o4
Coulomb repulsion, which in turn leads to increased stripe 9er1=9°kol 1—cogkoa) /8. (10
lengthls. At some point|. becomes comparable to the Su- s formula can be rewritten in terms of the ground-state
percpn_ductmg coherence Ien_g&g, _and _the pairs become energy of a single polaron as
proximity coupledo the metallic stripe§Fig. 5(c)]. In other
words, superconductivity in the stripes will be induced below Ep[1—cogkoa)]

2
2w ’

9%= J d?kgi[1—cogka)]. 9

(2m)?

T. by a JT pair-gap proximity effect. AbovE;, there is no Getr= (13)
proximity coupling, and so clearly, the superconducting or-
der parameter must be zero in the stripes. Thus, it is evideRfhere the polaron binding energ§p=gzk3w/4w. When
that the superconducting gap has tobelependent within  compared with the similar expression for the effective mass
the Stripes. This presents an explanation for the experimer]n the Holstein model, which has nodependence’ we find
tally observedcoexistenceof a T-independent pairing gap that the effective-mass exponent is a factor 2 smaller than the
(“pseudogap” E;r and aT dependent superconducting gap corresponding expression in the Holsteigi)polaron3® If
Ay(T)¥213850r which A((0)<E,7. ko< /2a, the effective mass becomes even smaller, reflect-
The proposed model suggests a simple explanation whing the fact that for forward scattering, the electron-phonon
T. decreasesn the overdoped regime. With increased dop-interaction does not increase the mass strongly. Indeed for
ing, the stripe length increases, leading to increased overallk,— 0, the effective mass approaches the bare electron mass
metallicity, while at the same time¢he number of pairs de- m* —my. This effect is similar to that discussed by Alexan-
creasesleading to a decrease i, according to the formula drov for the case of the Froehlich interactithHowever,
given by Eq.(8). Eventually in the metallic, nonsupercon- note that in this case, the interaction is weak and there is no
ducting phasel.=<lI,, and the material becomes a homoge-pair binding at all fork=0, which means that it is not rel-
neous metal with no pairs and hence, the phase no longevant if we are considering pairing, big relevant if we
supports high-temperature superconductivity. consider single-electron transport in the normal state. On the
Above T* the crossover from the underdoped to the over-other hand, ifky>/2a, the mass enhancement becomes
doped phase manifests itself in a change of nondegenerate itwore pronounced because of strong backscattering, and so at
degenerate statistics, as indicated by region 1 and region #he zone boundary, corresponding to the special poirasd
respectively, in the phase diagram in Fig. 4. In principle,M in the BZ, we expect a very large coupling and a strongly
they should be distinguishable from the temperature deperenhanced pair mass. This situation would be relevant to a
dence of the susceptibility, for example, which should bezone doubling(for the M point) or quadrupling(for the X
Curie-like in region 1 and Pauli-like in region 2, particularly point) charge-density waveCDW) formation and/or the for-
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mation of long-range order associated with a structural phase
transition. The caseelevant for pairingis of course interme-

g O
diate, as indicated by the wave vectqrin the neutron ex-
periments.
As already discussed, according to the neutron data, the
interaction in the cuprates appears to take place over a large
range of wave vectory centered neak,~1/,. An inter-
esting case arises at the 1/8 doping level, where the interpar-
o o

ticle distance |=+8a. If | corresponds exactly td
=2mlky, we expect to observe a CDW with a periodicity
given byk,. (Note that this is different to the simpler case of
a zone-boundary CDW discussed in the previous para-
graph)

In the underdoped state, the JT model is different from the
bipolaronic modef®*!and other intersite modéfsprimarily T ’07
with regard to the detailed mechanism of bipolaron forma- 1
tion. Whereas t_he standarq bipolaran model usually r_efgrs to FIG. 6. A superposition of twa; modes[observed in neutron
quantum—chgmlcal calculatioffsand does npt necessarily in- scattering by McQueenest al. (Ref. 13] with orthogonak vectors
volve a particular JT mode nor a specific local symmetry t theX point has the same displacements as thenode at the
change upon pairing, the present intersite JT pairing mode-jOne boundary observed in ESRef. 17.
does so, and implies a very specific Hamilton[&y. (5)]
that is based on the symmetry analysis of experimentally
determined local distortions. EquatidB) at first sight has
some common features with the phenomenology of t
CDW scenarid® The present model offers a microscopic
description for the origin of this interaction as arising from
JT coupling between k# 0 mode and degenerate electronic
states.

Reconciling the slight differences in the interpretation of
héhe observed lattice distortions in ESR, EXAFS, and inelastic
neutron scattering, th&-point symmetry analysis of ionic
displacements in La ,Sr,CuQ, shows that the distortion of
77 Symmetry at the zone boundary, which was invoked to
explain the ESRRef. 17 and EXAFS(Ref. 15 (Fig. 6), is

The proposed scenario suggests the coexistence of Fernift fact the zone-boundar§.e., short-rangeequivalent to the
onic excitations in stripes and bosofmirg over the entire 71 distortion occuring over a further extend(_ed length scale
phase diagram in different proportion determined by thermo@/ong theX direction in the BZ, and the experiments may be
dynamic equilibrium. This appears to be born out by thedetecting the same mode described by €. ,
susceptibility dat and the two-component interpretation of ~ We end the discussion by noting that the choicekgf
the optical conductivity”*4 amongst other made on the ba_5|_s of neutron _data also dete_rmlnes th_e sym-

It can also be shown to be consistent with the temperatur@€ry of the pairing channel in Ed5). The first term is
and doping dependence of angle-resolved photoemissidCtropic & wave) while the second one haswave symme-
spectra. A pairing JT deformation at tf% point leads to try along the Cu-O bond axes. T_he relative st_rengths of the
objects that have finite dimensions along ther b crystal ~ €rms are of course to be determined by experiments, but the
axes. We therefore expect to observe features associated wi@f9€ Phonon anomaly at the point in the inelastic neutron
these objects ik space along th& direction(i.e., along the ~data clearly emphasizes tevave component.

I'-M) and the appearance of a “pseudogap” in the angle-
resolved photoemission spectroscd\RPES spectra. The
range of wave vectors where such a “pseudogap” appears is
given by Ak~ vy from Eq. (1). In the metallic stripes, on the The main aim of the present paper is to identify an inter-
other hand, in which Fermionic excitations exist in the nor-action that can lead to pairing in La,Sr,CuQ, on the basis
mal state, abové . we expect to observe a band that crosseof a symmetry analysis of the experimentally observed
the Fermi level along th& direction. Importantly, with in- anomalies in the&k#0 phonon spectrum. It essentially de-
creased carrier concentration, the increasmtpling between scribes the interaction that causes the microscopic inhomo-
pairs and stripedeads to increased 2D order, progressivelygeneities observed in experiments. The rest of the paper is
extending the Fermi surface in the overdoped state. Clearlydevoted to a discussion of the implications for superconduc-
the temperature-dependent superconducting &) that tivity and the phase diagram. The nonlocal Jahn-Teller pair-
forms in the stripes will appear in the same regionk $pace  ing interaction which couples; modes at th&, point with

as the Fermionic band. If we assume that the model can béegenerate in-plane @, and p, states is in spirit, if not in
extended to BiSr,CaCyOg, s, the coexistence of a detail, similar to the motivation described in the original pa-
T-dependent “superconducting” gap and a “pseudogap”per on La_,Ba.CuQ, by Bednorz and Mier.! The pseu-
alongT’-M [i.e., theX direction(see Fig. 2], and especially dogap in the normal state results from pair density fluctua-
the apparent “destruction of the Fermi surface” with tions, and the temperatuiie represents an energy scale for
underdoping® can be understood to be a consequence of théhe pairing kT* ~E;7=32 meV for La_,Sr,CuQ,. The
Hamiltonian Eq.(5). model naturally leads to the formation of stripes and the

V. CONCLUSION
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crossover from a predominantly pairdbosoni¢ normal  we note that similar larg&+ 0 lattice distortions have been
state to a mixed fermion-boson system in the overdoped reeported in YBaCu;O;_ 5,%%° and we expect a similar
gion. A straightforward and appealing way to explain themechanism to work there also, as well as the other cuprates
doping dependence 4T, in the overdoped regime by E(B)  and oxides in general where mesoscopic inhomogeneities are
arises from the fact that at higher doping levels, the averagebserved. We have also omitted a discussion of the spin
stripe lengths increase and thdlse number of pairs is re- coupling associated with the local pairs given by the last
duced,thus reducingl .. Apart from giving rise to a rather term in Eq. (5), but mention only that in contrast to the
simple phase diagram that is consistent with experimentatolstein model, the present Hamiltonian allows the forma-
observations, the model also answers the question of whijon of spin singlebr triplet pairs'? Finally, we might add as
superconductivity often appears near an orthorhombic phase general comment that a short superconducting coherence
of the material. However, because the pairs are dynamic anléngth of the order of the intercarrier spacing may be an
incommensurate, the locally orthorhombic phase associataddication that carriers are paired by a finite-wave vector JT
with the JT pair cannot be easily detected by time- and spanstability forming nonlocal pairs. Apart from the cuprates,
tially averaging experimental techniques, and one dusis alkali doped fullerenes might be an example of such a case.
expect to observe a static and uniform orthorhombic phase
belowT*. On the other hand, the model can explain well the
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