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It is here pointed out that the antiferromagnetic spin fluctuation may be associated with a gauge field which
gives rise to the antiferromagnetic ground-state chirality. This is associated with the chiral anomaly and Berry
phase when we consider the two-dimensig2&)) spin system on the surface of a 3D sphere with a monopole
at the center. This realizes the resonating valence fBN®) state where spinons and holons can be under-
stood as chargeless spins and spinless holes attached with magnetic flux. The attachment of the magnetic flux
to a charge carrier suggests that this may be viewed as a skyrmion. The interaction of a massless fermion
representing a neutral spin with a gauge field along with the interaction of a spinless hole with the gauge field
enhances the antiferromagnetic correlation along with the pseudogap at the underdoped region. As the doping
increases the antiferromagnetic long-range order disappears for the critical doping paréypeter this
framework, the superconducting pairing may be viewed as caused by skyrmion-skyrmion bound states.
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I. INTRODUCTION to enhance the antiferromagnetic correlations.
Amodel is proposetf for high-T, superconductors which
It is now well known that there exists an interplay be- includes both the spin fluctuations of the Tu magnetic
tween antiferromagnetism artiwave superconductivity in ions and of the spins of O doped holegspinong. The
cuprate materials. Indeed, on doping with holes, these insweharge of the doped holékolong is associated to quantum
lating compounds develop into superconductors even for lovékyrmion excitations of the Cu" background. The quantum
concentration of holes. This implies that the antiferromag-skyrmion effective interaction potential is evaluated as a
netic spin fluctuation plays a significant role in the develop-function of doping and temperature indicating that Cooper
ment of highT . superconductivity in these materials and thepair formation is determined by the competition between
d-wave superconducting phase is a nearly antiferromagnetig,ese two types of spin fluctuations. The superconducting

Fermi liquid. In this context Monthoux, Balatsky, and Pihes y4ncition occurs when the effective potential allows for skyr-
have considered spin fluctuation driven pairing for the cu-

prates near optimal doping. Rantner and \Kémthe frame mion bound states.
- . ) In a recen we have al r mechanism of
work of U(1) gauge fluctuations, have studied the under- a recent papéwe have also proposed a mechanism o

. ; -high-T; superconductivity from the view point of chirality
doped cuprates where the spin behavior shows the pecullc’%d Berrv phase. It is observed that the spin pairing and
competition between antiferromagnetic order and singlet for- yp - v pin painng

mation as is evidenced by pseudogap observed in NMR ani‘jh"’we pairing is caused by a gauge force generated by

neutron scattering. The spin pseudogap can be well e)magnetic—flu_x quant_a attgched to them. Diffe_rent phase struc-
plained in terms of the RVB state as proposed by Andefson {ures associated with highe superconductivity have been
It is argued that the effect of the preformed spin singletsStudied from an analysis of the renormalization group equa-
present in the RVB picture on the doped holes can be delion involving the Berry phase factar which corresponds to
scribed in terms of the fact that the spin of the doped holeshe€ monopole strength associated with the magnetic-flux
becomes an excitation whereas the charge remains tied to teglanta. It is found that there are two crossovers above the
empty site. This leads to the chargeless spin excitationguperconducting temperatuil¢ , one corresponding to the
(spinons and spinless charge excitatiofi®lons. Supercon- ~ 9lass phase and the other representing the spin gap phase.
ductivity arises when coherence is established after spinHowever, the spin gap temperatui is found to be depen-
charge recombinatiohHowever, underdoped cuprates havedent onT, and T5/T. shows a universal behavior with re-
a peculiar property which is apparently very puzzling. As thespect to the hole dopin@/ 5, with §, being the optimal
doping is lowered both the pseudogap and the antiferromagioping rate.
netic correlation increases. Naively, it is expected that the In this note we shall study the topological excitations of
larger the pseudogap stronger is the spin singlet formatiohigh-T. superconductivity in cuprates in this framework and
and weaker the antiferromagnetic correlation. However, irshall show that the charge carriers appear as skyrmion exci-
the underdoped region the scenario is different and both theations of the Cti™ spin background. The enhancement of
pseudogap and antiferromagnetic correlation increase. antiferromagnetic correlations along with pseudogap in the
In a study of high-T, cuprates in the underdoped region underdoped region is explained. The superconducting pairing
from a gauge theoretical point of view it is shown thatcaused by spin-charge recombination may be viewed as a
gauge-field fluctuations effectively remove the deficienciesconsequence of formation of skyrmion-skyrmion bound
of the mean-field theories in explaining the antiferromagneticstate.
correlations as observed in experiments. It has been argued In Sec. Il we shall discuss spin fluctuation and RVB
that gauge theory with an additional coupling to holons helpgheory from the view point of chirality and Berry phase. In
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Sec. Il we shall discuss skyrmion excitations and the en- W(C)=¢'¢(©), (6)
hancement of antiferromagnetic correlation and pseudogap ) ]

in the underdoped region. In Sec. IV we shall derive theWhich may be associated with the flux represented by the
critical doping parameted,, for the destruction of the Neel 9auge fieldA;; . Indeed, we may represent the chirality op-
order. In Sec. V we shall discuss superconducting pairing irfrator in terms of\;; so that

terms of skyrmions.

w(e)=1T e*i, )

Il. SPIN FLUCTUATION, RVB STATE, AND BERRY c

PHASE where A;; represents a magnetic flux which penetrates

We start with a spin system which is antiferromagnetic inthrough a surface enclosed by the cont@uWe may asso-

nature. In terms of Schwinger bosons we may write the lociate thisA;; with the phase fluctuation associated with the
calized spiné- at sitej as spin fluctuation caused by the doped hole when we have
J doping induced frustration in the system. Ag represents
1 Z: the Berry phase related to chiral anomaly when we describe
S A Rl the system in three dimensions we may wite
i=5(21.2)))0 2, (1) Y y
] :
: . y W(C)=e2mx, ®
Herez;,, andz;, represent Schwinger bosons at gitend
obey boson commutative relatiofs,,,z’ 1= 5,, and ~Whereu represents the monopole strengii-c=e=1). In
(z. .z ]=[z..2 ,]=0. We have ajlso the constraint V€W of this when a two-dimensional frustrated spin system
to 2ot 1o o’ i on a lattice is taken to reside on the surface of a three-

2,2j,2jo=1 for S=1/2. The Hamiltonian for the localized gimensional sphere of a large radius in a radial magnetic
spin system is given by field, we can associate the chirality with the Berry phase.
1 Eventually this will give rise to RVB state.
S — E = It may be remarked here that when a chiral current inter-
H 1912, FiF;, (2) : | urre
25 acts with a gauge field, we have the anomaly which is related

where|J|>0 andF, ZEUZLZJU- to the Berry phase through the relat®n

If a hole is doped in this spin system an appreciable 1 1 .
amount of spin fluctuations may arise which may be repre- gq=2,=— _f (9#Jid4xz Trf F . F,d%, (9)
sented byQ;; where(Qj;) =2 ,z,z;,. We may note that the 2 2
spin fluctuationQ;; consists of the phase fluctuation and the 5 ) — )
amplitude fluctuation. However, as the latter is effectively awhere J,, is the axial-vector currenyy, ysi, F,, is the
high-energy mode, so we may concentrate on the phase flufield strength, and*F,, is the Hodge dual. Evidently
tuation which is connected with the local gauge transforma= 2T,u f?péesﬁlms the Port\tryalgindi.nde?- VB stat
; - , T o study the spin system leading to a state we con-
tion of z,, andz;,, at each site given by sider a generalized nearly antiferromagnetic spin model with
Zjs—2Zj,eXp(—16;). (3y  nearest-neighbor interaction as

This suggests that the transformation in the phas@;pf H=]J XS QY 4+ A SPSE 10
can be described by a gauge fieg . 2 (8 U e (10

To visualize the spin fluctuation in a two-dimensional - 11
; : . : whereJ>0 and the anisotropy paramet&r=(2u+1/2).
(2D) antiferromagnetic system we consider the Helsenberq.he Berry phase facton can take the valueg=0,+1/2,

model with nearest-neighbor interaction represented by the 1+3/2 It isnoted thatA=1 corresponds tgu= 1/2

Hamiltonian and represents the isotropic Hamiltonian which is(3un-
variant. ForA —o, it corresponds to an Ising system. When
H=J> (S'S/+9/9/+5S)), (4  A=0(u=—1/2) we have thexX model. For a frustrated
spin system, this corresponds to the singlets of spin pairs
where S; is a spin operator of an electron at sitend J which eventually represents the RVB state giving rise to a
>0. The ground state of antiferromagnetic system in twonondegenerate quantum liquid.
dimensions on a lattice which allows frustration is character- In a recent papérwe have studied the different phases
ized by the chirality operatbr associated with superconductivity in cuprates through the
renormalization group analysis involving the facpor It is
noted thatu takes the usual discrete values of-G, +1,
' ©) +32 .. at fixed points of the renormalization gro(RG)
flows whereu is stationary and represents the Berry phase
where o are Pauli matrices an@ is a lattice contour. The factor u* of the theory. In terms of energy scale, it is found
topological order parameteaN(C) acquires the form of a that as energy increasédecreasesu also increasesde-
lattice Wilson loop creasep So to study a critical phenomenon, we can associate

1+a .
277S

W(C)=Tr _HC
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a critical temperature with a standard discrete valueuof acterized bylu|=1/2. Indeed for any integew the Berry
corresponding to the Berry phase factot which represents phase may be removed to the dynamical phase and the geo-
a fixed point of the RG flows. To study the crossover, it ismetric phase is realized when a pair is form&dhus the
noted that for B<|A|< 1 there are three critical values cor- spinon and holon may be viewed as if a neutral spin as well
responding tou=0, u=—13%, andu=—1 which represent as a charged spinless hole is attached with a magnetic-flux
the fixed points of the RG flow. We associate three criticalquantum characterized byt|=1/2 and these appear in a
temperatured’; , T3, and T, with fixed values ofu=0,  pair.
u=-—1/2, andu=—1, respectively. However, in a frus- Now it is noted that when a spinless hole is dressed with
trated spin system, the chirality demands tpashould be & magnetic-flux quantum given By|=1/2, this will repre-
nonzero. So the critical valug=0 is not achieved and as sent a skyrmion. Indeed, the magnetic-flux quantum has its
such there will be random coupling around the vajue 0rigin in the background chirality which is associated with
=0. This will then represent the cluster glass phase at thihe chiral anomaly and Berry phase. Indeed, from(&p.we
critical temperaturd? . In this situation, after doping, holes Note that the Berry phase factqr is associated with
will form a glass of stripes. The next crossover will be at *F..F,., and we can write
w=— 3 corresponding to the pseudog@pin gap phase. As
u=—73 corresponds taA=0, the spin chain will represent q=2u
the system of spin singlets leading to RVB phase. The spin-
charge separation here describes the spin (papudogap . 4
phase. Finally, we arrive at the superconducting transition == 16772f TrF . F ,,d7X
temperatureT. at w=—1 corresponding taA=—1/2. At
this point, the Ising part coupling constant is {/2)J with
a sign change which represents an attractive force causing :f d*xa Q (11)
the superconducting pair formation. e

The concentration of doped holes may be parametrized b%here
a length scald.. In view of this, we may consider as a
function of 6 at a fixed temperature. The doped holes will
suppress théJ(1) gauge fluctuation describing the antifer- OF=— 1 P BTH(AF . o+ 2AAA ) (12)
romagnetic spin fluctuation. At zero doping, we have the 1672 vhap s sTeth
Heisenberg antiferromagnet. The Neel temperalyés re- ) o
duced upon doping and at a critical dopifig(5,)=0. As IS the Chern-Simons secopdary characteristic class. In case
the doping is increased, the magnetic long range order i%e haveF,;=0 we can write
destroyed. However, as the doping is lowered both the .
pseudogap and the antiferromagnetic correlation is increased. Au=0 79,9, geSU?2) (13
This aspect will be discussed in the following section.

and(},, will represent a topological curredt, given by

I1l. SKYRMIONS, ANTIFERROMAGNETIC 1
CORRELATION, AND PSEUDOGAP — vaf -1 -1 -1
Ju 247726” Tr(g™"9,9)(9" "9,9)(9™ ~dp9). (14

To study the spinon and holon excitations in our
modef-*#**let us consider a single spin down electron at a s may be written in terms of chiral fieldsr,(a
sitej surrounded by an otherwise featureless spin liquid rep_gq 2 3) as @
resenting a RVB state. Due to the chirality caused by the '’
gauge fluctuation we may consider the system such that a

monopole represented by=—1/2 is in the background J = ! B eaboln 5 o, med gy (15)
leading to RVB ground state. As a result, the single spin will * 1242 vibTatens

be characterized bju|=1 formed by the single spin state

characterized by.= —1/2 coupled with the orbital spim Now representing a hole by a Dirac fermion fieldwe

=—1/2 caused by the monopole in the background. Thisnay consider the doped hole coupling with the magnetic flux
neutral spin attached with magnetic-flux quanta given byassociated with the chirality in terms of the interaction given
|| =1 will appear as an excitation and represent the spinorby the Lagrangian

Now when a doped hole interacts with this spinon, it will

give rise to a spinless charged excitation called holon. Thus L=y{iD +im(mo+iysmr) ], (16)
holons may also be represented|jny=1 characterized by a A R

flux ¢o=hc/2e. The residual spinon will then correspond to where D=1y,(d,—iA,) following the constraint7-r§+ w2
Mets=0 which is realized when the unit of magnetic flux =1.

characterized by.= —1/2 associated with the single down  The Dirac fermion may be viewed as if it has flaldiso
spin in the RVB liquid forms a pair with another up spin that for polarized and unpolarized state we hbivel and 2,
having =+ 1/2 associated with the hole. Again the holon respectively. Now integrating for fermions, we can write the
having|uers] =1 will also eventually form a pair each char- action
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_ and plays a role of magnetic field for the carriers. Because of
W=—In f exp(—Ld*x)DyDy the magnetic field around a carrier, the Lorentz force acts on
another carrier. Due to this Lorentz force an attractive inter-
action is induced between carriers and leads to Cooper pair
formation.
It is noted that the mechanism suggestswave pairing.
=iNf %A I +i7NHat NM2 As already pointed out by Kotliar and Litiin the RVB
moR 3 theory spinons form the-wave pairing. Now in the super-
conducting pair, the spin-charge recombination occurring
X J’ d“xTr(aMg‘l&Mg). (17)  through spinon-holon interaction along with the phase coher-
ence suggests the charge carriers also ltbwave pairing.
Here g”s=(1+ v5/2)g+(1—ys5/2)g~ L. M is a coupling Indeed, the fact that superconductivity occurs in the vicinity

constant having dimension of mass; is a topological in- of antiferromagnetic long-range order, the Cooper pai is

variant of the map of the space time into the target si&ice Wave.

There are only two homotopy classes(S%)=Z,, so that It is known that skyrmion topological defects which are
Hs=0 or 1. In fact the termimH is the geome’tric phase introduced by doping are responsible for the destruction of

and represents the term. Thus we see that the charge car-the antiferromagnetic order and their energy may be used as

riers dressed with magnetic flux can be represented by &N Order parametér’ Ingeed, in two spatial dimensionslthe
nonlineare model and may be treated as skyrmions. nonlinear sigma fieldn® may be expressed in th€P"

To study the underdoped region of cuprates in this framel@nguage in terms of a doutT)Iet of complex scalar fields
work, we note that spinon-holon interaction through theZi» | =1,2 with the componentz =1 as
gauge force eﬁectlvgly leads to a spin pair characterized by nae A ods 18
meii=0 where the isolated down spin in the background i Fije

with p=—1/2 forms the pair with the up spin of the hole \yheres2 are Pauli matrices. In this language the continuous
with = +1/2. Indeed this may be taken to represent as gie|q theory corresponding to the Heisenberg antiferromagnet

spinon-antispinon bound state. This essentially correspongs gescribed by the Lagrangian density if 2 dimensions
to the SF flux phase as suggested by Rantner andWen.

Indeed we can visualize a_spin asa massless fermion and this Lns= (DMZi)T(DMZi), (19
picture of spinon-holon interaction may correspond to a

massless fermion coupled td1) gauge field along with the whereD ,=4d,+iA, andAM=iziTaMzi . This possesses soli-
holons coupled with the gauge field. The pair formed bytonic solutions called skyrmions and charge is defined as
massless fermionsping dressed with magnetic flux may be

viewed as a spinon-antispinon bound state. This spinon- Q:J' d3x 30 (20)
antispinon bound state present in the nearly antiferromag- '

netic chain will enhance the antiferromagnetic correlation of 0 .
the system. The simultaneous presence of spin singlet stal EreJ N tﬂsﬁzeroth cqmponent of thg topolggmal current
will lead to the pseudogagspin gap. Thus in the under- ¥ — (1/2m)€*®7d,Ag. It is noted thaQ is nothing but the
doped region we will have the enhancement of the antiferroMagnetic flux of the fieldA,, indicating that skyrmions are
magnetic correlation along with the pseudogap. As menVortices and represent defects in the ordered Neel state.

tioned earlier, as doping increases, the antiferromagnetic Now the following Lagrangian density may be proposed
long-range order is destroyed. or describing the dopants and their interaction with the

background lattice in 2 1 dimensions with the topological
f-term

=—NInDet(iD +img?s)

IV. SKYRMIONS, CRITICAL DOPING, AND THE
DESTRUCTION OF THE ANTIFERROMAGNETI RDER - o
STRUCTION O OMAGNETIC © L,.y=(D,z) (D#2) +ithad, v, tha— M* vEthaiha

In the present framework, superconductivity arises with o
the charge spin recombination when a phase coherence is Va2t Ly, @D
established. Indeed, prior to spin-charge recombination, @here the hole dopants are represented by a two-component
spinless holon may be viewed as if a spinless hole is movingjrac field ,,m* and vr are, respectively, the effective

in the background of a monopole. This eventually causes thgass and Fermi velocity of dopants. Herg is the Hopf
hole pair formation each having a magnetic-flux quantumerm given by

characterized bju|=1/2. When the spin-charge recombina-

tion occurs a spin pair each having unit magnetic flux inter-

act with each other through a gauge force and a phase coher- LHZEGMQ'BAMaaAB- (22
ence is established. As we have pointed out in the earlier

section that the charge carrier attached with a magnetic fluk should be mentioned here that long ago it was showrtthat
corresponds to a skyrmion, we may view the superconductntiferromagnetic spin correlation do not produce a Hopf
ing pair as a skyrmion-skyrmion bound state. Indeed, theerm on a 2D square lattice. In fact, these authors have
skyrmion excitation is created at each position of the carrierpointed out that the presence of the nontrivial Hopf term may
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come from something else other than the spin itself. In this 1
case, the Hopf term arises from the doped holes which will P=- —2* R (30
be revealed later. 167
It is noted that the dopant dispersion relation is given by,ynhere
e(k)=\k?vg+(m*vg)?, (23 *Fu=3€"PF,,. (31)
which is valid for YBCO(YB3Cu30s. 5) where the Fermi Itis noted that in the partition functiof26) when L ,dx

surface has an almost circular shape which is centerdd at s replaced by Pd*x, the latter integral just represents the
=0. For LSCO (La_sSr;CuQ,) the Fermi surface is Pontryagin indexq related to the monopole strengif
different’ which corresponds to a dispersion relation of thethrough the relatiom=2u as given by Eq(11).

form From dimensional hierarchy, the relation between topo-
logical terms suggests that ir+3L dimensions, wheh, is

T 2 T 2 . . .
_ ™ ™ 2 . 212 replaced byLp, the coefficientd is related tow. Indeed
e(k)= \/ (kxi 2 TRy 2) vEF(MvE)~ (24 replacingLy by the Chern-Simons Lagrangian
Now following Marind’ the doping parametef is intro- _L wap
duced by means of a constraint in the fermion integration I“73_4776 AudaAp, (32

measure we note that the current is given by

D[Eav'pa]: DZaD ¢35(Zayﬂwa_AM)r (25

whereA“=45f;de§“b\°’(z—§) for a dopant at the position
x and varying along the line. Here the factor 4 corresponds 5.4 the zeroth component corresponds to
to the degeneracy of the representation (4-compgrfent

the Fermi fields. This yields the partition function B
Jo= kﬁ' (34)

J

k
M:EE#QB(?QA‘B (33)

Z:f D(z0.2, A, 4, A22= 1) 84y, th =A%) So from the relation$22), (32), and(29) we find

“ k
xexp[ fo d*x 2p4(D,z'D,2) Th=5=20. (35
; m*ve It is noted that if we takeS=0 which represents the
+ _ ok n p pure
E('af‘y” h Y A”) Yt Ln ] 26 undoped quantum antiferromagnet we do not have the Hopf

term which is consistent with the observation of Fradkin and

wherepg is the spin stiffness andy is the Hopf term. Stonel®
Upon integration over the fields z, ¢, ¢ the resulting It has been shown in Ref. 11 that the Chern-Simons coef-
equation of motion for the zeroth compone#y yields the ficient k is related to the monopole strengthin 3+1 di-
result mensions by the relatiok=2u. This impliesu=246. As in
- the previous section we have noted that each charge carrier
0 9,Aj=465[z—x(1)], (27)  in the superconducting pair is associated with the skyrmion

topological defect which is caused by the magnetic-flux
quantum having|u|=1/2, superconductivity occurs &k
=0 for the critical doping parametef,. given by|u|=1/2
=206, yielding 6,.=0.25 for YBCO. When the doping pa-
rameteré is connected with the oxygen stoichiometry pa-
rameterx we have the relatiod=x—0.18 so that we have
Xsc=0.43, which is in good agreement with the experimental
valuexs,=0.41+0.02"" For LSCO, the Fermi surface has
four branches and this yield$.=xs.=0.06 which is to be
TO=26. (29) compared wi'_[h the _experimental resudgczo_.oz.18 It is
noted thatd. is a universal constant depending only on the

When we translate this result in the+td dimensional nature of the Fermi surface. _ _ . _
formalism where the 2D spin system is considered to reside We have pointed out earlier that int3l dimensions chi-
on the surface of a 3D sphere with a monopole at the centef@l anomaly leads to the realization of fermions represented
we note that in the Lagrangiai21), apart fromu being a by doped holes interacting with chiral boson fields, with
four-dimensional index, we have to replace the Hopf term bythe constraintwg+ m2=1. The mapping of the space-time
the topological Pontryagin term given by manifold on the target space leads to the homotopgS®)

where x(t) is the dopant position at a time If B is the
magnetic flwor vorticity of A, then this equation becomes

0B=466[z—x(1)] (29
For the skyrmiorB= 67[z—x(t)] indicates that the skyr-

mion topological defect configuration coincides with the
dopant position at any time ahd
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=Z, which takes the values 0 or 1 and leads to theerm
representing the geometric phase. The third term in(Ef.

gives rise to the solitonic solution such that the charge carrier
appears as a skyrmion. However in-3 dimensions, the

PHYSICAL REVIEW B69, 094505 (2004

and the size foE,,;, as

o 1
T 2My”

(41)

stability of the soliton is not generated by this term alone asraking M and 5 as a function of5, we note that for the
_rescallng of the scale varlgbiew\x may lead to shrinking vanishing energy we hav (5, =0 which corresponds to

it to zero size. However, in the present framework, the atthe fact that the spin stiffness vanishes. From the relation for
tachment of magnetic field with the charge carrier will pre-R,, it is evident that the skyrmion size is infinite. However,

vent it from shrinking it to zero size.

we can have the vanishing energy for finite nonzkt6s)

Indeed this gives rise to a gauge theoretic extension of th@hen 7 is infinite. This suggests that at this poiR=0.
extended body so that the position variable may be written aghijs implies that for finiteM, the vanishing energy suggests

Qu.=d,tiA,, (36)
whereq,, is the mean position. Ag= —1/2 and+ 1/2 cor-

that the skyrmion shrinks to the zero size. So apart from
energy, we can take the size of the skyrmion also as an order
parameter.

responds to vortices in the opposite direction we may con-

sider A, as SU2) gauge field when the field strength is

given by
Fuo=0,A,—d,A,+[A, Al (37

whereA,, is a SU2) gauge field. Wherk,, is taken to be
vanishing at all points on the bounda®j of a certain vol-

ume V4 inside whichF ,,#0, in the limiting case towards

the boundary, we can take
A,=97'9,0, geSU2). (39

This helps us to write the action incorporating théerm
as

S= MZJT ~19,9)d* !
-1 rd,9 "d,9)d"x+ 32,7
><fTr[aﬂggfl,avggfl]zd“xjL I
2472

><Lst,Le’““Tr[(g’1&9)(9’1%9)(9’1&09)],

(39
whereM is a constant having the dimension of mass and

V. DISCUSSION

It has been pointed out here that the antiferromagnetic
spin fluctuation gives rise to a gauge field which determines
the antiferromagnetic ground-state chirality. This is related to
the Berry phase and helps us to realize the RVB state where
spinons and holons can be understood as chargeless spins
and spinless holes attached with magnetic flux. The attach-
ment of the magnetic flux of the charge carrier suggests that
this may be viewed as a skyrmion. The interaction of a mass-
less fermion representing a neutral spin with a gauge field
along with the interaction of a spinless hole with the gauge
field enhances the antiferromagnetic correlation along with
the pseudogap at the underdoped region. The superconduct-
ing pairing may be viewed as caused by skyrmion-skyrmion
bound states. This effectively leads to topological supercon-
ductivity. It is also shown that the destruction of antiferro-
magnetic order is at the critical doping parameigy which
is a universal constant depending on the nature of the Fermi
surface.

Abanov and Wiegmaf** have pointed out that topologi-
cal superconductivity in 31 dimensions and 21 dimen-
sions has its roots in the 1D Peierls-Rlioh model which
suggests that the72 phase solitons of the Eintich modef?
are charged and move freely through the system making it an
ideal conductor. In spatial dimension greater than one this

a dimensionless coupling constant. Here the first term is recorresponds to superconductivity when the solitonic feature

lated to the gauge noninvariant temvmzA#A“, the second

of a charge carrier is attributed to the attachment of a mag-

term (Skyrme term is the stability term which arises from netic flux to it. It may be remarked here that ir-1 dimen-

the termF ,,F#*, and the third term is thé term given by

sions we will have a nonlinear sigma model with the Wess-

*F ,,F ., Which is related to the chiral anomaly and Berry Zumino term when the target spaceS$which is theO (4)

phase.

nonlinear sigma model. In the Euclidean framework, how-

Marino and Neté have pointed out that at the critical ever, this geometrically corresponds to the attachment of a
doping d5., the energy of the skyrmion vanishes. When wevortex line to the two-dimensional sheet which is topologi-

compute the energy of the skyrmion from the actidg), we
find the expression for the minimum enetgpas

127°M
Emin:T (40

cally equivalent to the attachment of a magnetic fltithis
suggests that the topological feature of ideal conductivity
visualized by Fralich in 1+ 1 dimensions and that of super-
conductivity in 2+1 and 3+ 1 dimensions have a common
origin.
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