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The ground state of a double-layer charged Bose system is investigated beyond the random-phase approxi-
mation by including the many-body correlation effects. The correlations within the layer are accounted for
within the self-consistent theory of Singwi, Tosi, Land, andi&jder, while we have neglected the effect of
interlayer correlations. The static susceptibility, the elementary excitation spectrum, and the static screened
potentials are calculated and their dependence on the boson humber density and the layer spacing is examined.
Results are compared with the recent work of Tanatar and Das where correlations are not included. It is found
that the inclusion of correlation effects combined with the interlayer interactions can significantly alter the
nature of the ground state and, in particular, can favor an inhomogeneous charge-density-wave ground state. A
comparison is also made in terms of screened potentials with the double-layer electron system that enables one
to have a deeper insight into the role played by the exchange and Coulomb correlations separately.
[S0163-182607)00846-1

[. INTRODUCTION include the variational calculation by Sim and co-worRers
and the diffusion Monte Carlo study by Magro and
The study of a layered charged Bose system has draw@eperley’ In connection with the higf-, superconductivity,
considerable interest in recent years due to its recognition ate 2D charged Bose system has recently been considered by
a possible model for high- superconductors that are lay- Alexandrov and Mot and Gold!! Alexandrov and Mott
ered materials. The system consists of a fluid of identicahave given an explanation for the unusual enhancement of
charged particles obeying Bose-Einstein statistics and corthe thermal conductivity in the superconducting phase in
fined dynamically to a plane in the presence of a uniformhigh-T. metal oxides by considering the bosons as the charge
neutralizing background. The model, proposed a long timearriers with charge € wheree is the charge on the elec-
ago by Schafrothin three dimensions, has received renewedtron. Gold*® has stressed the question of mechanism for the
importance due to the failure of the BCS theoty account  formation of charged bosons and has calculatgdh terms
for the unusual behavior exhibited by the highsupercon- of Bose condensation in agreement with the recent experi-
ductors. To the present level of understanding, the supercomaental measurement$lt may be mentioned here that it is a
ducting phase transition in the high-materials is expected multilayer electron system that has been found to exhibit
to be related with the Bose-Einstein condensation of chargebigh-T, superconductivity. This has led to a surge of inves-
bosons(bound pairs of fermions There are some experi- tigations of multilayer electron systems both at the
mentally observed facts that support the Bose condensatiaheoretical®'* and experimentd! levels. These systems are
as a possible mechanism for the highsuperconductivity. found to exhibit a variety of features due entirely to the in-
For example, the magnetic penetration depth belgunea-  terlayer Coulomb interactions. The possibility of charge-
sured in the muon-spin-relaxation experinteamd the varia-  density-wave (CDW) ground states, the enhancement of
tion of T, with mass and density are well explained in termsWigner crystallization densily and the observation of frac-
of Bose condensation. Further, the specific-heat behavidional quantum Hall staté%in the presence of a perpendicu-
near T, is similar as near the\-transition point in liquid lar magnetic field are among the typical examples.
helium-4% The different experimental properties of high- Tanatar and Da¥ motivated by the interesting behavior
superconductors in connection with different theoreticalexhibited by the double-layer electron system, considered a
ideas have been recently reviewed by Micnas andlouble-layer charged Bose system interacting via long-range
co-workers and Harshman and Mil%In view of the above Coulomb and short-range contact potentials. The bosons
interests, the study of a two-dimensiortaD) charged Bose were assumed to be in the condensate phase at absolute zero
fluid has become an important subject. temperature. The collective density excitation spectrum and
On the theory side, Hines and Frankétst studied the the static screened potentials were calculated for different
2D charged Bose problem to calculate its dielectric responskyer spacings. The calculations were based on the RPA that
and the elementary excitation spectrum within the randomtakes account dynamic screening but does not include the
phase approximatiofRPA). Other important contributions Coulomb correlation effects. However, the corrections to the
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RPA due to correlations are much more important in'2D. whereV(q)=2me?/q, is the intralayer Coulomb interaction
The inclusion of the Coulomb correlations in the RPA treat-potential.G,,(q) represents the local-field correction arising
ment of the double-layer charged Bose system is one of thdue to the short-range interlayer Coulomb correlations. How-
motivations for the present work. In particular, our interestever, in the present study, we assume that there is negligible
lies in investigating the effect of many-body correlations andtunneling between the layers, so that we can treat the inter-
of interlayer interaction on the static and dynamic structurdayer interaction to be the bare Coulomb interaction, i.e., we
of the system. We describe the intralayer correlation effectsake G;5(q)=0 in Eq. (1). From Eq. (1), the density re-
within the self-consistent theory of Singwi, Tosi, Land, andsponse functiorfmatrix) is obtained as
Sjolander(STLS) (Ref. 18 that we have recently used for
studying the ground state of a single 2D charged Bose layer, T o [x Mae)  =ViAa)
but, treat the interlayer correlations within the RPA. This is [x'(q.0)] 7= -Viq) x g, ®
justified up to some extent as the interlayer potential is not ] )
singular at the origin and, consequently, the interlayer correEOr x(0,®), we shall use the STLS expression given as
lations are expected to be weaker than the intralayer correla-
tions. The static density susceptibility, the elementary exci- - Xo(d,®)

. ; : x(0,0)=7— — : 4
tation spectrum, and the static screened potentials are 1-V(a)[1-G(a)]xo(d, w)
calculated for different layer spacings and boson numbe . . .
densities. Results are com{Jaredpwith%he calculation of Tan r_n Eq._ (4), xo(q.®) is the response function for t_he_: honin-
tar and Das. We have also compared our results for th eracting charged Bose gas and at absolute zero it is given by
screened potential with the double-layer electron system.
The comparison enables one to see the role played by ex- xo(Q, )= o,
change and Coulomb correlations separately and may have [(o+u7)"— €]

mterestmg consequences in connection with the theory OJvhereeq=ﬁ2q2/2m, is the free particle energy, is the bo-
high-T. superconductivity.

The paper is blanned as follows:  In Sec. II. we derive anson number densityy is a positive infinitesimal quantity,
bap P ' e ndG(q) is the local-field correction accounting for the in-

expression for the wave vector a_nd frequency-dependeq alayer short-range correlations between charged bosons.
density response function appropriate to the double-layer The static density response matrix corresponds+c in

system within the linear response framework. The static su =q. (3). On diagonalizing the resulting matrix, the diagonal

Cept'lblllty, elementary ex_C|tat|on spectrum and screened_ poéomponent of static density susceptibility defined ()
tentials are calculable directly from the response function.” T(q.0=0) is obtained as
Results and discussion are presented in Sec. lll. In Sec. 1V, x (.

we present the concluding remarks.

2neq

®

T, x(q)
X D=1y x@)

The plus sign corresponds to the case when the density fluc-
A. Expression for the density response function tuations in the two layers have the same phpse;(q)

Consider two identical layers of charged bosons separated on2(d)] and the minus sign to the case when they are out
by a perpendicular distanck The bosons are free to move Of phase bym [n;(q)=—dn,(q)].
in thex-y plane parallel to the layer but are confined in the
direction. At absolute zero temperature, the system is as- B. Elementary excitation spectrum and static screened
sumed to be in the condensate phase. We wish to study the potentials
density response of the system to an external potential
V®{(q,w) varying in space and time with wave vecwpand
frequencyw. Within the linear response theory, the total po-
tential experienced by particles in one layer consists of the T -1_
external potential plus the potential induced due to the den- detx (q,@)] 0. @
sity fluctuations in the second layer. Thus, the induced dernke.,
sity in the layer labeled ‘1’ can be written as

(6)
Il. THEORETICAL FORMALISM

The energy spectrui(q) [ =% w(q)] of elementary ex-
citations is determined from the solution of the equation

2
—Vifa)=0. ®
8n1(0,0) = x11(0,0){VF(Q,0) + Vi [ 1~ G1o0)] (X<q,w>) "
X 8ny(q,w)}. (1) Substituting fory(qg,») andVi5(q) in the above equation
and then solving the resulting equatidf(,q) is obtained as
x11(0, @) [=x22(q,w)] is the density response function for 2 —ad1/2
the single isolated charged Bose layer. Hereafter, we shall E(q)={eg* wp(a)[1-G(aq)xe ¥} ©
uhse.the no_tatior)(ll(q.,al))=X22(q,w)h=)((q,w). ViA0) ihs | where w,(q)=(27ne?qg/m)*? is the 2D plasmon fre-
the interaction potential between charged bosons in the layg,ency. Thus, for a double-layer system there are two plas-
ers ‘1’ and 2" and is given by mon modes, an in-phase mogtte sign and an out-of-phase
mode (— sign). It is evident from Eq.9) that the in-phase
ViA9)=V,i(q)=V(q)e 9, (2 mode has higher energy as compared to the out-of-phase
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mode and the inclusion of intralayer correlations will result
in the lowering of the excitation energy over the RPA where

G(q)=0.

For a double-layer system, there will be two different
kinds of screened potentials, namely, the intralayer and in-
terlayer potentials. The screened potential matrix in the static

limit (w=0) is defined as

s V()]
[Vi{(a,0]= (@01’ (10)
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1

V3Y(r)=e? +fwd Jo(qgr
12() [m 0 QO(CI)

[ x(9,00V14(0)
1-x2(9,0Visq)

[2e 9% x(9,0)V11(Q)

X (e 39+ e‘qd)]H. (19

In Egs.(18) and(19), the first term represents, respectively,

where[ €;;(q,0)] stands for the static dielectric response ma-the bare intralayer and interlayer interaction potentials and it
trix that in the STLS theory is related to the density responsgs the second term that accounts for the screening effects. In

matrix by the relation

1
m:[5ij]+[Vij(Q)][X;I}(qu)]- 11

Using Egs.(3), (10), and (11), the screened intralayer and

interlayer potentials are obtained, respectively, as

,0)
+2x(0,0Vyy(q)ViLa)], (12
s _ x(9,0)
19,00 =V1(q) + 1-2(9.0V%q) 12V1(q) V1A Q)
+x(9,0[ Vi) +Vi(a) Vi) 1} (13

In the RPA, where5(q) =0, x(q,0) is given by

XO(q!O)

M= T Viaixo(a 0l "

and the screened potentials are simplified to

V12(9) —[V3((9) — VZAa)1x0(9,0)

190 = TV (@) xo(0.0) P—[Vid D xo (.0
(15
and
« B Vi Q)
Vida.0= Vi @xo a0~ Vidxo( a0

The screened potentials in the real space can be obtained

the inverse Fourier transformation, i.e.,

d
5= | o e Vi@, 7

Substituting forv3s (q,0) and performing the integration, we

have

x(9,0V14(q)
1-x%(q,00VifQ)

1 0
Vii<r>=e2{;+f0 d quqr){

><[1+e2qd+2x(q,0)V11(Q)equ]H’ (18

the next section, we present numerical results for the various
quantities of interest.

Ill. RESULTS AND DISCUSSION

In the numerical calculations and the results presented, we
use a system of units in which=1 and lengths are ex-
pressed in units oqgl with gs=v2/[rsap]. rs is the di-
mensionless density parameter related to the boson number
density n as ry=ry/a;, where ro=1/Jnm and a,
=#2/[mé], is the Bohr atomic radius. For the intralayer
quantities, the STLS results obtained recently by us are used.

A. Static density susceptibility

The static density susceptibility constitutes an important
quantity as it provides information about the static structure
in the system. It is evident from E6) that the out-of-phase
component of the density susceptibili/ (q) can diverge
for a critical spacingd, even when the single-layer suscep-
tibility x(q) is finite. This can happen becaugéq) and
V15(q) are both positive. This implies that even if the single
isolated layer has a uniform density distribution, the inter-
layer interactions can induce in the system a particular den-
sity modulation. The corresponding critical wave veatr
and the critical layer spacind, can be specified from the
solution of the equation

1-V19e) x(9e) =0. (20)
Substituting fory(q) from Eq. (4), we obtaing, as

4=2%1{G(qc) +e %%—1]. (22)

tI%uation(Zl) cannot be solved analytically fay, and we
calculate it numerically. However, it may be noted that in the
RPA[G(q)=0] Eq. (21) has no solution withg.>0. Fur-
ther, whenG(q) is finite, the condition

G(qe) +e %d—1>0

must be satisfied fog, to be nonzero. This, in turn defines
the critical spacingd,. Thus, it can be concluded that the
intralayer correlations combined with the interlayer interac-
tions are together responsible for the divergence firfq).

The divergent behavior of' (q) means that below a critical
spacing the system will be unstable to a phase transition into
an inhomogeneous CDW state. Results§di(q) are shown

where Jy(qr) is the zeroth-order Bessel's function of first in Fig. 1 at three densities corresponding {e-1, 5, and 10

kind. In the same wayy35(r) is obtained as

for different values ofd. Clearly, y' (q) exhibits a sharp
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FIG. 1. The static density susceptibility” (q) vs q. (a) For
r«=1 andd=0.4945(dashed ling 0.4943(dash-dot ling 0.4942

(solid line).

(b) For rg=5 andd=0.7125(dashed ling 0.7119

(dash-dot ling 0.7115(solid ling) and forry=10 andd=0.8275
(dashed ling 0.8272(dash-dot ling 0.8270(solid line).

peak with its sharpness increasing with decreasingt rg
=10, ¥ (q) diverges af.~0.93 withd.~0.8269, while at
r<=5, q.~0.69; d.~0.7115 and ar.=1, q.~0.102; d,
~0.4942. Thus, the value af for the CDW instability de-
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the double-layer charged Bose system. On comparison, we
find that our results are in agreement with the conclusions of
Gold.

B. Elementary excitation spectrum

It will be interesting to investigate the spectrum of el-
ementary excitations near the CDW transition. For this, we
choose the value ad well above and near the CDW insta-
bility and calculate the collective excitation modes by using
Eq. (9). In Fig. 2, we show the calculated dispersion for the
two excitation modes at density=10. To show the impor-
tance of correlation effects, results are compared with the
RPA calculation. We notice that the in-phase mode has
higher excitation energy, while the out-of-phase mode repre-
sents the low-lying excited state of the system and has acous-
ticlike linear dispersion at smat]. Further, the many-body
correlations depress the dispersion curves over the RPA re-
sults and near the transition poiut=0.8275, Fig. 2b)] the
energy of the out-of-phase mode becomes very close to zero
for g~0.93. The appearance of this mode indicates that it
costs very little energy to excite the system into a state with
a periodic modulation of density of wave vectpr0.93. For
d=0.8269, the minima in the excitation energy of the acous-
tic mode becomes exactly equal to zero and there would be a
strong tendency for the system to be unstable against transi-
tion into a periodic CDW ground state. It may be noted that
the values of criticaf] andd are exactly the same as encoun-
tered in the calculations of static susceptibility. A similar
behavior ofE(q) is also found atr;=1 and 5. Thus, we
demonstrate clearly that the excitation spectrum is dramati-
cally affected near the CDW instability. We further notice
that the many-body correlations have significant effect on the
dispersion curves even at small valuegofl o illustrate this,
we calculate the dispersion in the long-wavelength limit, i.e.,
g—0. Takingg—0 limit in Eq. (9), we obtain

Y
1+a

qd
E+(q>~wp(q>ﬁ{1— u (22

and

1
E(q)~wp(q)\/q—d[l—§ (%ﬂ 23

where

1 %
Y="3 f dq(S(q)—1],

0

creases with decrease iq, i.e., with increase in density. accounts for the correlation effects and is a positive definite
This arises due to the weakening of the intralayer correladuantity andS(q) is the intralayer static structure factor. The
tions with increase in density. Also, the critical wave vectorcorresponding limiting behavior in RPA is given by

g. associated with the instability decreases with decrease in
rs. This suggests that, corresponds to a CDW state as if it

had been the wave vector associated with the Wigner crystal

it would not have changed withy. Further, we notice that

xT (q) approaches the single-layer result e d,. Thisis and
expected as the interlayer interaction effects become very
weak at large layer spacings. It may be mentioned here that
Gold?® has also predicted the presence of the CDW state in

qd
E+(q)~wp(q)\/?(l——) (24

4

1
E_(<:1)~wp(cwﬁ(l—;1 qd)- (25)
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FIG. 2. The elementary excitation spectrigq) [in units of w,(q)] vs q at r¢=10. (a) For d=1.0. (b) For d=0.8275. The curves
labeled STLS(+) and STLS(—) represent our results for the in-phase and out-of-phase modes, respectively. The curves labgled RPA
and RPA(-) represent the corresponding results in the random-phase approxintali&?.(q) vs g for d=1.0, 0.8269, 0.75, and 0.5.

The significance of correlations at smajlis self-evident C. Static screened potentials

from Egs. (22)-(25. We further notice that ford<d., We have so far seen that the ground state and the elemen-
E_(q) becomes imaginary over a range @fvalues that tary excitation spectrum are markedly affected by the inter-
broadens with decreasind. To illustrate this behavior, layer interactions and the many-body correlations. It is natu-
E2(q) is plotted in Fig. Zc) atd=1.0, 0.8269, 0.75, and 0.5 ral to expect the similar signatures in the screening properties
for r¢=10. It is apparent that at=0.75, E2(q) cuts theq also. For this, we calculate the static screened intralayer and
axis twice, namely, afj~0.439 and 1.495. This implies that interlayer potentials by using Eqe.8) and(19) and examine
there are two values af satisfying the CDW criterion fixed their dependence on density and the layer spacind. In

by Eq.(20). This is equivalent to saying that E@Q1) has all ~ Fig. 3(@), the screened intralayer potenti&fi(r) is shown at
three roots(q=0, 0.439, 1.495distinct atd=0.75. How- rs=1, 5, and 10 fod=1. Also shown for comparison is the
ever, with further decrease th(for example, ati=0.5), the =~ RPA result at ;=10. From the curves shown, it is clear that
two nonzero roots become equal. Thus, our calculation¥3$5(r) exhibits an attractive part and its depth is strongly
show that the system is unstable to two different CDWenhanced over the RPA valgapproximately by a factor of
ground states for a range of layer spacing below the criticab atr,=10) by the many-body correlations. Also, the many-
spacing. A similar type of behavior has recently been foundody enhancement of attraction increases with the decrease
in an electron double layer by Let al* in density. The screened interlayer potenti(r) is plotted
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FIG. 3. The static screened potenti®f&(r) (in units of e?q,) vsr for the Bose system(@ The screened intralayer potential for
=1.0 andrg=1, 5, and 10; the dashed curve is the RPA resultat10. (b) The screened interlayer potential = 1.0 andrs=1, 5, and
10. (c) The screened inter- and intralayer potentialsder0.5 andr=10. The value ofl lies well in the charge-density-wave instability
region. The curves labeled 11 and 12 are the present results for the screened intralayer and interlayer potentials, respectively. The curve
labeled RPA(11) is the RPA result for the intralayer potential.

in Fig. 3b) atrg=1, 5, and 10 fod=1. In V5¥(r), r defines  two potentials differ exactly byr. This clearly indicates the

the parallel separation between particles in the two layerEEXistence of a periodic density modulated ground state in

i.e.,Vi5(r) represents the screened interaction between a pa, ach layer. This is what we expect dds taken to be less

ticle at origin in the layer ‘1’ and a particle in the layer 2’ at han the critical spacing for the CDW instability. The period

. o . ) of the oscillatory potential yields the length scale for the
a distance parallel to the layer 1", Unlike/35(r), ViX(r) is  gensity modulated state. The phase differencéetween

not singular atr =0. We have also calculated the screened,sc SCrrY ia i ; o
otentigls for an isolated charged Bose layer and, on co d\—/ll(r) andVi(r) is in agreement with the fac_t_ that it is the
POte _ g Y , Msut-of-phase component of static susceptibility that shows

parison, it was found that the depth of the attractive pargjvergence. For comparison, the RPA regdtshed lingfor
increases due to the presence of interlayer interactions. V5S(r) is also shown. It can be seen from Fig&)3and 3c)
Now, we select a value df lying well in the CDW in-  nat the RPA results fovSS(r) are almost independent df
stability region. For this cased=0.5), the screened poten- This once again confirms the relative importance of correla-
tials are plotted in Fig. @) atrs=10. We observe that both tjgns effects.
11(r) and Vi5(r) exhibit a periodic oscillatory behavior |t is interesting to compare our results for the screened
about zero with very small damping at langeThe phases of potentials with the double-layer electron system. Before we
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unstable against a phase transition into an inhomogeneous
charge-density-wave ground state below a critical spacing
20} S N between the layers. It is noted that the critical spacing for the
et L100RPA(TY) | CDW instability decreases with increase in the density. We
L — r=10.0 (12) have compared our results with the RPA where we find no
ol —11 transition into the CDW ground state. Also, no such transi-
tion has been found to exist in an isolated layer in the density

|K1 “\.\. /\ 1 range Xr¢ <10 examined. Thus, we may conclude that the

T v T T T T T

N many-body correlations and the interlayer interactions are

V()

9 N e together responsible for transition into the CDW ground
N | state.

We have also compared our results for the screened po-
- tentials with the double-layer electron system. For the same
spacing, the screened potentials are relatively more negative
in the electron system and this may lead to the formation of
_ . . bound pairs of electrons and hence, bosons. The comparison
4 6 8 10 we have discussed could have its relevance in connection
with the theory of high¥,; superconductivity.

At the end we would like to add that in our analysis of the
boson ground state the effect of short-range interlayer corre-

FIG. 4. The static screened potentiéif(r) (in units ofe’de) VS |ations has not been taken into consideration. This approxi-
r for the electron system fod=1.0 andrs=1, 5, and 10. The  4iinn seems quite reasonable provided the layer spating
curves are labeled the same as in Fig).3 . . . L

is larger as compared to the particle spacing (within the

draw the comparison, it may be mentioned here that théfYe'- However, in our calculationd/ro<1 and, conse-
ground state of an isolated 2D electron system has been stufi¥ently, the interlayer correlations are not sufficiently weak
ied by the quantum Monte Carlo method due to Tanatar anéP e negligible as compared to intralayer correlations. One
Ceperley?! Therefore, for the electron system we deduce thehay notice that the inclusion of interlayer correlations be-
necessary intralayer inputs from the accurate Monte Carlyond RPA would act to reduce the strength of bare interlayer
study. Results foi$5(r) andVSy(r) for the electron system PotentialV5(q) and this will in turn lead to an upward shift
are shown in Fig. 4 at;=1, 5, and 10 for the same spacing [EQ. (9] of the dispersion curve corresponding to the out-of-
as in Fig. 3a), i.e., d=1.0. Here, lengths are expressed inPhase acoustic mode. Thus, we expect on physical grounds
units ofq';]', Or being the Fermi wave vector. By Comparing that the inclusion of interlayer correlations beyond the RPA
the curves in Figs. 3 and 4, it can be noticed that the manyWwill contribute in a direction to oppose the tendency towards
body enhancement of the attractive part in screened poteithe inhomogeneous CDW ground state. For the electronic
tials is relatively larger in the electron system. Also, the po-double layer(and also for the electron superlattictleilson
tentials in Fig. 4 exhibit a damped periodic oscillatory and co-worker€ and Luet al** have analyzed the effect of
behavior that is less pronounced in the Bose case for thimterlayer correlations on the existence of the CDW ground
corresponding spacing, i.ed=1.0. From the comparative state within different theoretical schemes and have arrived at
study, we may conclude that the CDW instability shoulddifferent conclusions. Neilson and co-workers have treated
occur at a larger critical spacing in the electron system aghe interlayer correlations within the self-consistent STLS
compared to the Bose system. This we also anticipate on thgoproximation, while Luet al. have used the quasilocalized
physical grounds as the intralayer correlations in the electrogharge approximatidfi where the interlayer and intralayer
system are determined by both exchange and Coulomb cogpntribution to correlations are determined by satisfying the
relations while the former_ are ab_sent in the Bos_e case. Th@irqg frequency-moment-sum rule of density response func-
above study of screened interactions may have its relevangg,, The STLS calculations show that the correlations be-
to superconductivity in layered compounds. tween layers act to oppose the development of the inhomo-
geneous CDW ground state, but, the effect of these is not to
IV. SUMMARY AND CONCLUSIONS destroy the existence of the CDW state. However, in con-
We have studied the ground state of a double-layefrast, Luet al.find that the transition into the CDW ground
charged Bose system beyond the random-phase approximgate may be quenched with the consistent accounting of in-
tion by including the corrections due to the many-body cor-terlayer correlations and the acoustic excitation spectrum is
relations. The intralayer correlation effects are incorporatedramatically modified by the appearance of an energy gap
through the static local-field factor calculated within the self-that has a stabilizing effect on the CDW instability. In our
consistent theory of Singwi, Tosi, Land, and §juder. We  opinion, the use of STLS may be a poor approximation for
have neglected the effect of interlayer correlations. The statishort-range interlayer correlations whefr g is substantially
density susceptibility, the elementary excitation spectrumless than unity. In view of the above discussion, it seems that
and the static screened potentials are calculated and thehe transition into an inhomogeneous CDW ground state
dependence on the layer spacing and the boson number deseuld be an artifact of the neglect of interlayer correlations or
sity is critically examined. We find that the system will be of its inadequate treatment.
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Further, in the present study we have assumed the corte Coulomb correlations and of interlayer correlations need
densate phase as the ground state for the bosons. However finther study.
view of recent diffusion Monte CarlgDMC) study of 3D
charged Bose systems by Moroni and co-work&ithjs as- ACKNOWLEDGMENTS
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