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Charge order and superconductivity in low-  Kobayashiet al, 1998; Mazumdaet al., 1999; Tomio & Suzu-

. - . mura, 2000; Kishigi & Hasegawa, 2000). From the considera-
dimensional organic conductors tion of inter-site Coulomb interactiorV{ in addition to the on-

site Coulomb interactiorl)), the CDW-SDW coexistent state has

Keita Kishigi 2* been understood as being caused by the interplay betwWesrd
) S V (Seo & Fukuyama, 1997; Kobayasht al, 1998; Mazumdar
@Faculty of Science, Himeji Institute of Technology, Ako, et al, 1999; Tomio & Suzumura, 2000; Kishigi & Hasegawa,

Hyogo 678-1297 Japan. E-mail: kishigi@sci.himeji-tech.ac.jp  2000). HereV is important, since Mila (Mila, 1995) has estimated
U/t ~ 5andV/t ~ 2 in quasi-one-dimensional organic conduc-
tors, wherd is a transfer integral.

In this paper, we study how the electron-fillin§) (affects the

. . . coexistent state of SDW and CDW dueMo By calculating the
We study the coexistent state of the spin density wave (SDW) anndensation energy, we finfl values at which the coexistent

mebgha(;ge 3'3?3\;3' ;/'Veglteh (S[:t[r:W) in fitonf'?'Ter}sgg]\?vl ex(;ecr;g ate in one-dimensional systems is stabilized. THaependence
ubbard moael. Ve find that the coexistent state 0 an f the ground state energy in the one-dimensional extended Hub-

is stabilized in various electron-filling cases when band paramet Srd model has never been studied althoughftdependence of
are for organic conductors. The ground state energies have cuspﬁﬁgg one in the Hubbard model has: been calculated (Carmelo &

minima atn/4millings, wheren andm are integers. The maxima Baeriswly, 1988). Based on the result, we propbsalues which

Of. the critical temperatures of th_e coexistent state/amfllll_ngs avor superconductivity in strongly correlated one-dimensional
will be observed in X-ray scattering measurements. We discuss ts?stems With/

suitable filling for superconductivity of which strong fluctuation in
antiferromagnetic ordering may be the origin.

2. Model
Keywords: stripe-type order ; superconductivity ;strongly The one-dimensional extended Hubbardhmodelﬁs,: K +
correlated system ; low-dimensional organic conductors. uU+v, K = —t ELG(C;F_G.CHLJ +he) U = UD ning;
Y =V Zm_g, NioNiy1o7, whereci*_d is the creation operator of
o spin electron at site,n;, is the number operatar=1,- - -, Ns,

Ns is the number of the total sites and=1 and]. We use param-
eterU/t =5.0,and 0<V < U.

In quasi-one-dimensional quarter-filled organic conductors such as The interaction termg/ andV, are treated in the mean field ap-
(TMTSF)X and (TMTTF)X (X=PFs, Br, etc.), superconductivity proximation as/™ and V™ and the self-consistent equation for
and the coexistent phase of CDW and SDW are observed (Ishigui@e order parametep,,(Q) is given by p,.(Q) = | S <

et al, 19_98). Pouget and Ravy (Pouget & Ravy, 1997) observet&f(kx’a)c(kX — Q,0) >, wherel = U/Ns. We consider thé vari-

Fhe coexistence ofle-_sr‘;'\D/l\_ll_VSand xF'C;]DW bg/_ the X-ray scattﬁr— ous electron-fillingsf = q/p, whereq and p are mutually prime

Ing measurement in ( . FFs at the ambient Pressure, Wnere n moers. We take the possible wave vectors of the order parame-
ke = m/4ais the Fermi wave number ards the lattice constant. ¢ ag) = nQy, whereQo = 2k- = (2r/a) - f andn=1,---, p

Under pressure (12 kbar), the superconducting phase appears at O. : Lo
K (Jeromeet al., 1980).

1. Introduction

9I'he condensation energl, is given byE. = Eg(p) — En,

. . . whereEn andEg are the normal state energy and the ground state
In (TMTTF)2Br, 4k--CDW accompanied with -SDW is energy for the ordered states.

found in X-ray sca_tt_ering mgqsurements (Pouget & Ravy, 1997). The electron density and the spin moment at figgen(j) —
;I'gae”::s;r;lonf;gz;nty transition occurs at 0.8 K under 26 kbar% o prr(QEV andS,(j) = 4 ZQ(PTT(Q) — p1u(Q))eRR,
AR T ] i . respectively.

Even in quasi-two-dimensional quarter filled organic conductors
such as (BEDT-TTRX, the coexistent state of CDW and SDW
is observed as the stripe-type order (Nakanetral,, 2000). This 3+ Results
coexistent state in quasi-two-dimensional systems has been the@/e search for the most stable self-consistent solutions by chang-
retically studied (Seo, 2000). Recently, it has been found that thing the initial values of the order parameters. Sincg, S(j) and
ground state irK=KHg changes from the charge ordering (Miya- E; for f > 0.5 is the same as those fér< 0.5 due to the sym-
gawaet al.,, 1997), which causes the stripe-type order, to supermetry between an electron and an hole and we do not focus our
conductivity under uniaxial pressure (Maesato, 2000). Moreoverattention on the low electron-filling, we calculate at various fillings
in the highT; cuprates such as La xNdo4SKCuQs (Tranquadaet 2<p<201<g<9intheregionof®@ < f < 0.5.
al., 1997), the stripe-type order is most stabilized when the rate of At f = 1/2, the stable state isk2 SDW, (|, 1), (S(1) =
the doping isx = 1/8 and the critical temperature of the supercon-—S,(2) ~ 1.0 andn(1) = n(2) ~ 1.0) for 2V < U and the state
ductivity becomes the highest at ne@B1From these experiments, is changed to &-CDW, (0,/1), (S(1) = $(2) ~ 0 andn(1) ~ 0
it is expected that the superconductivity appears near the coexiandn(2) ~ 2.0) for 2V > U, where the arrows mean the spin mo-
tent state of CDW and SDW. This may be due to the fluctuationment, 0 means small or zero electron density ghcepresents that
in antiferromagnetic ordering of the stripe-type order, because it ishe up and down electrons exist in the same site. For-2U, the
understood that the superconductivity in higheuprates is due to  period of the CDW becomes two.As this charge order is suitable
strong fluctuation in antiferromagnetic ordering (Anderson, 1996)for the nearest Coulomb repulsion interaction, the large charge gap

In one-dimensional quarter-filled system, these two kindsmade by the CDW exists at larye As a resultE:; becomes lower,
of coexistent states k2-SDW-ZX--CDW and Xr-SDW-2Kg- which will be shown in Fig. 5. This result at the half-filing has
CDW) have been studied theoreticallSeo & Fukiyyama, 1997; been shown ¥y Cabib and CallefiCabib & Callen, 197k
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. Figure 3
Figure 1 25(j) (j =1---4) as afunction oV /t.
25(1), 25(2) and 2%(3) as a function o¥/ /t.
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Figure 4
n(j) (j=1---4)asafunction oV /t.
0 1 1 1 1

Vit At f = 1/4, the stable state of@SDW, (4, 1,1, 1) (S(1) =

$(2) = —=S(B3) = —S(4) andn(l) = n(2) = n@3) =

Figure 2 n(4) = 0.5), is changed to 2-SDW and 4--CDW coexistent
n(1), n(2) andn(3) as a function o¥ /t. state,(],0,1,0) (S(1) = —S(3),5(2) = S(4) = 0,n(1) =

n(3) ~ 1.0 andn(2) = n(4) ~ 0), forV/t > 0.39, as shown in
Figs. 3 and 4. This result is consistent with the previous study (Seo
& Fukuyama, 1997). Fo¥ /t > 0.39, as the period of the charge
density is twoE. becomes large due to the large energy gap, which
will be shown in Fig. 5. The CDW-SDW coexistent state is stabi-

At f = 1/3, the stable state is the coexistence of SDW andized except forf = 1/2.
CDW, (4,1,1), (S(1)] = |9(2)] < S(3) andn(1l) = n(2) < We showE. in Fig. 5 as a function off for variousV. At
n(3)) for 0 < V/t < 0.8, where the distortion of the charge V = 0, Ec monotonically decreases dsincreases, becaus® is
density is small. The coexistent state of SDW and CDWD, 1) mainly determined by the density of states on the Fermi surface,
(S(1) = —=S(3),S(2) = 0,n(1) = n(3) ~ 1.0 andn(2) ~ 0), N(0) = Ns/(4nt sinak:), which decreases dsincreases. We can
is stabilized foV /t > 0.8. These results are shown in Figs. 1 andsee thaiE;| for f = 1/2,1/4,3/8,5/12, 7/16, 7/20 and 9/20 be-
2. As the period ohin ({, 0, 1) is three, there is a frustration fof ~ come large upon increasig It is found that the cusp-like minima
and the energy gap does not become large. Since the order paraai-Ec appear atf = n/4m, wheren andm are integers. In these
eters havin@Q = (2r/a) - (1/2) does not exist whep of f = q/p fillings, the period ofn accompanying the order of the SDW be-
is an odd number, the period ofioes not become two. Thus, when comes two, resulting in the large energy gap. The local minimum
p is an odd number, the order of the CDW is not suitabléfor at f = 5/16 may be too small to see in Fig. 5.
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f = n/4m. If the origin of the superconductivity of quasi-one-
dimensional organic conductors is so, the superconductivity will
be obtained by changing electron-filling slightly from the quarter-
filling.

5. Conclusion

We study the coexistent state of CDW and SDW in the one-
dimensional system with' by changingf. We find that the co-
existent state is stabilized &t= n/4mdue toV, which will be ob-
served in X-ray scattering measurements. Since strong fluctuation
in antiferromagnetic ordering is expected in the region close to the
coexistent state, the superconductivity will appear rfearn/4m.
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