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U(1) gauge field of the Kaluza-Klein theory in the presence of branes
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We investigate the zero mode dimensional reduction of Kaluza-Klein unification in the presence of a single
brane in the infinite extra dimension. We treat the brane as fixed, not a dynamical object, and do not require
orbifold symmetry. It seems that, contrary to the standard Kaluza-Klein models, the four-dimeridiopal
effective action is no longer invariant under(l) gauge transformations due to the explicit breaking of
isometries in the extra dimension by the brane. Surprisingly, however, the linearized perturbation analysis
around the RS vacuum shows that the Kaluza-Klein gauge field does poddgsgalge symmetry at the
linear level. In addition, the graviscalar also behaves differently from the 4D point of view. Some physical
implications of our results are also discussed.
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I. INTRODUCTION (See also the appendix of R¢1L0] although it has the oppo-
site sign for the mass terin.
In the standard five-dimensional Kaluza-KlgiiKK) ap- On the other hand, there are other approaches to confine

proach where the full spacetime manifold is factorized asstandard model particles on the brane by allowing the fields
M,®S!, the five-dimensional gravitation theory which hasto live in the bulk spacetime. For example, bulk gauge
reparametrization invariance @8 can be interpreted as a bosons have been considered in REf4,12. It is important
gauge theory of the Virasoro group from the four-to derive the zero mode effective action because its zero
dimensional point of view(see Ref.[1], and references Modes(massless modgsorrespond to the standard model
therein. After the geometric spontaneous symmetry breakJarticles localized on the brane.
ing of the Virasoro invariance, the excitations of the 5D In this paper, contrary to the approach mentioned above
gravitational fields are split into 4D massless gravitationaWwhere the brane is treated as a dynamical object, we have
fields, massless gauge fields, massless scalar field, and #gated the brane as fixed, and investigate the zero mode
infinite tower of massive spin-2 field4,2]. In particular, the dimensional reduction of the Kaluza-Klein unifications. The
U(1) gauge symmetry of the vector fields in the 4D effectivebrane world model considered in this paper is the RS one
action is originated from the translational isometries in thewith a single 3-brane in the infinite fifth dimensiga]. As
extra dimension. expected, the breaking of isometries in the extra dimension
Recently, there have been lots of interest in the phenomby the brane makes the 4D effective action not being invari-
enon of localization of gravity proposed by Randall and Sunant under W1) gauge transformations. Interestingly, how-
drum (RS [3,4] (for previous relevant work see references€Vver, the analysis of the linearized equation around the RS
therein. RS [4] assumed a single positive tension 3-branebackground shows that the KK gauge field does possess the
and a negative bulk cosmological constant in the five-U(1) gauge symmetry at the linear level.
dimensional spacetime. There have been developed a large In Sec. II, we carry out the dimensional reduction of the
number of brane world models afterwards6]. The intro- KK unifications in the presence of a single brane with some
duction of branes usually gives rise to the “warping” of the ansatz for the zero mode excitations. In Sec. Ill, the linear-
extra dimensions, resulting in nonfactorizable spacetimézed perturbations of the 4D effective action obtained are
manifolds. More importantly, the presence of branes breakgnalyzed around the RS vacuum solution. Some physical im-
the translational isometries in extra dimensions. Therefore, ilications of our results are discussed in Sec. IV.
would be very interesting to see how the conventional
Kaluza-Klein picture changes in the brane world scenarios. Il. KALUZA-KLEIN REDUCTION
Dobado and Marotd7] recently have incorporated the _ . .
effect of the presence of the bra)rqe in the KaII?Jza—KIein re- Th? RS m.odell with a smglg brane car.1 be described by the
duction by introducing Goldstone boso(SB) fields. The following action in 5D spacetimeis},5,13:
GB fields parametrize the excitations of the bré8kand so . \/—A
the GB cor(espond to thg spontaneous symmetry brealgng of |:f d4xf dz 9 (ﬁ—ZA)—f d4x /—QBU- 1)
the translational isometries of the compactified extra dimen- —»  167Gs
sions by the brane. It has been shown that in the dimensional
reduction of the KK unifications a sort of Higgs mechanismHereGs is the 5D Newton’s constand, the bulk cosmologi-
related to the GH9] gives mass to the KK graviphotons. cal constant of 5D spacetimgg the determinant of the in-
duced metric describing the brane, andhe tension of the
brane. We assume that the valueoofs fine-tuned such that
*Email address: gwkang@post.kek.jp A=—6k?(<0) with k=47Gso/3. Let us introduce the
TEmail address: ysmyung@physics.inje.ac.kr domain-wall metric in the following form:
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A= gy dxXMdx mode solution withm?=0, we havey°(z)=c,H 2 thus

we find h® (x,z)=cph,,(x) with a constanty,. Other ex-

—H4-2 M 4 N s M .
=H"“(2)gundx"dx amples are the form of the zero modes for the bulk spin-0

_ H72(2)[7,deﬂdxur X (dz— KAMdX,L)z]_ ?) gnd spin-1 fields on thF RS backgrourdl]. For the spin-0
field ®(x,z)=H¥%y(2) $(x), we havey=ceH %2 for the
Here H=K|z|+1, ¢?=gss, and kA,=—0s,/0ss. The zero mode and hence its localized zero mode is given by
standard Kaluza-Klein decomposition of the metric is givendO(x,z) =c4 ¢(x). In the case of the spin-1 field ,(x,2)
by =H%¥%0(z)v ,(x), one findse=cyH 3?2 for the zero mode
and hence its zero mode is given M?L(x,z)zcvv#(x).

242 _ 2
_ Y TICETALA, kP Ay From the observations mentioned above, we may propose
(Gun) = —KkP*A, ¢? ' that the zero modes are constants with respectztd Fur-
thermore we stress that fér,s# 0,hss# 0, it may be not a
v “ correct way to obtain the zero modes from the linearized
y KA : h . .
MNy L, ) s 3 equations. This is because their forms are too complicated to
(@7 =| kA" ¢ 1+ k2p2A-A) analyze the zero modg43]. Even if we choose the gauge

fixing, it is hard to obtain the consistent zero mode solutions.
Hence the integration of Eq1) over z could be a good
starting point to obtain the zero modes.

Note first that

with A#=y#*"A, andA- A=A A*. Herex is the gauge cou-
pling constant.
Under the specific class of coordinate transformations

such as
-~ ~ V=g=H %¢\—, 6
XH—xF=x"(X), z—z=2z+f(X), (4) g ¢ ©
we obtain ~Ge=H *z=0)V= W[+ 2FAA . (D)
~oxeoxP o X L Of
Yur™ o e B BT at K X Using gun=H %gun. ONne has
$(X,2)=p(x,2) (5) R VeVPH  VRHVPH
R=H? R(g)+8 o 20 — |- )
according to H
gMN_&';(M ; N IPQ

Py—pr -2 27 . ’
We see thaty,, transforms similar to a four-dimensional VeVIH=H (¢ "+ kA-A)+ «H

metric tensor, an@ a scalar field under diffeomorphisms in

Eq. (4). However, we point out that the 5D diffeomorphisms X

are split into the 4D diffeomorphisms plus the gauge trans-

formations for the field,, . 9
In this paper, we are mainly interested in the zero mode

effective action. In general, it is a nontrivial problem to de-, o have

termine what the “zero mode” is if the full spacetime is not

factorizable. As an ansatz for the zero mode, we assume that

Yuv+ Ay, and¢ are functions ok coordinates only, i.e., no V-VPH VeHVPH

z-coordinate dependence. If one requires Zhee.g.,R/Z,) 8—7— 20 2

orbifold symmetry in the brane world model, there will be no

vector zero mode fluctuations. It follows because in the pres- [ H" (H ! ) 2

1
-1 a
¢ ARG, P+ EAM B3, YVapt aMAM) ,

ence ofZ, orbifold symmetry in Eq.(2) the vector gauge 820 (¢~ 2+ KA-A)

field A, should satisfy A, (x,—2)=—A,(x,z) and so

A,(x)=0. In what follows, we consider general cases with- H’ _1 1 B

out having the orbifold symmetry in the theory. T8k | & AR b E SARYTEd yapt 0 AT,
The above assumption comes from the crucial observation

that the graviton zero mode,,, in y,,=7,,+«h,, de- (10

pends only on %" even if one starts fromh,,(x,2)

= H3’2¢(z)ﬁw(x) in the RS approach4] where the trans- where the prime denotes differentiation with respect.to

verse fluctuations are fixg@.g.,hs,=hss=0). For the zero Then, the five-dimensional action EQ.) is given by
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where we have omitted the surface terms.

= ! J d*x\— vy R(g)f dzH 3 We observe that the zero mode gravitational degrees of
167G freedom in the 5D spacetime are split into the 4D gravita-
H” b2 tional fieldsy,,, , a vector fieldA , , and a graviscalar fielg
+(¢’2+K2A-A)J dzH3 8——20—) as usual. However, the properties of the vector field and the
H H?2 scalar field are very different from those in the conventional

KK reduction. The first two terms in this effective action are
the same form as in the ordinary dimensional reduction of
the Kaluza-Klein unifications, and they have thélJUgauge
symmetry. The difference from the conventional KK reduc-

tion is only the last term which is proportional to the brane
—f d*x = yv| 84+ kK2P2AHA | o tension squared. If one started from the KK metric decom-

position withA,=0 and¢=1 in Eq. (3), this “potential”

(11) term would disappear and one obtains the ordinary Einstein

gravity on the brane with zero effective cosmological con-
It should be pointed out that the 5D Ricci scalar curvaturestant as well known. As can be easily seen in 8¢), this
constructed frongyy R(g), is independent of coordinate  happens because of the fine tuning between the brane tension
since the metric elementg,y are functions ok* only. Us- o and the 5D bulk cosmological constaht

-1 1 af H'
+8x| § A+ A Y, yup N | | dzg

—2Af dzH™®

ing H'=ké(z), H"=2ké(z), [*.dzH =1k, and The appearance of the nonlinear ternte.g.,
J” ,dzH %=1/ for the RS model with a single brane, one /| &%+ k*¢“A*A,|) as well as the squared termA), shows
gets the 4D effective action not only that the 4D effective action no longer has the gauge

symmetry, but also that KK photons are not massless. This

1 170, arises from the presence of the brane#(Q) in the five-
lkk= 167Gy EJ d™xV=71¢R(9)— HA dimensional spacetime. Because Etp) contains a nonlin-
ear term which generates a lot of terms, a truncated form of
+6k%(¢p 1+ k2PA-A) the effective action may be useful to understand the dynam-
3 ics of the fields easily. If one expands the full action up to
— 167Gk |8 + k"B AFA, ] (120 the order of«?, one has
- f d*x = ¢R(g) —
16'77'64 KK 167TG f d4X |:¢R ,y)_ _¢3F2
+6KA(p~ T+ p—2V| 8L+ K2 PPAA, |
+K2HA-A)]. (13 +6K(p 1+ p—2+ K2Pp(1—p)A-A)|. (16)

Here the 4D Newton’s constant is defined@g= Gsk. No- ——— 5o

tice from Eq.(12) that it reproduces the ordinary KK reduc- Here we used/| &} + k? *A*A [=1+ 3 k*$*A-A.

tion in the presence of the cosmological constant as the brane In order to explicitly see how the dynamical aspect of the
at z=0 disappearsi.e., o, k—0). The 5D scalar curvature ¢ field comes out, let us conformally transform the metric as
R(9) is related to the 4D Ricci scalar curvature constructed

from , R(y), as v,
'}’,w (FY) yﬂy_> YMy:qStu' (17)

K2
j dxy— WbR(g):f d*xy— 7¢[R( V) - Z‘Z’ZFZ} Then, the zero-mode effective action Edj5) is written by

! i[-”]. s Ik = d4x\/_4{R(7)_—¢3F2

166

The last term is the surface term. The field strength is defined 3
asF,,=d,A,—d,A, andF?=F , F**. Using Eq.(14), one - _¢—2Vu¢Vﬂ¢,+ 6k2p 2 1+ ¢
finally obtains 2

PN e rsrvre) . }
0 Torg, [ ey [¢R(7)——¢3F2 2o+ EESARITEGAN| (19

+6kA( 14 p— 21| 0"+ K2HPAPA |+ K2PA-A) |, up to the surface terms. Herg?= y“"y*PF , ,F 5, A*
=yH*A,, andA-A= y””AMAV. The truncated effective ac-
(15 tion in this Einstein frame is also given by
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2
[ a3 ra- o

1
167G,

IT
KK

- ;(b‘zv“dﬁ#w 6k ¢ 2(d 1+ ¢—2)

+K2(l—d))A~A]}. (19

As shall be shown below, the form of these actions abov
also suggests that the metric tensor which is responsible f
the 4D Einstein gravitation is not the,,, but indeed the
7;1,1/ .

Now the field equations derived from the effective action
(19) are given by

K’ 3 o = 2 2
Ruv= 8| FuaF "= 37,uF |~ 6K2KE(1- $)A LA,

3 -2rv 4v 2. -1
+5¢ VbV, 0= 2Ky, (¢ 1+ 0=2)], (20

VAF,,+12k%k%¢ 31— $)A,= —3¢ 'VH¢F

g

(1)

VAV ,p— ¢ VLY ,p+2K ¢ H(4— p—3¢ 1)
2

—K2¢2A-A]=KZF2. 22)

Here we used the truncated effective action for simplicity.
The essential properties of solutions do not change.
It is well known in the RS model that if the flat metric on

PHYSICAL REVIEW D63 064036

N_
V=

diag1—2M/r+Q’'%/r?, (1—2M/r
+Q'?/r?)~1,r2 r?sirf6]

Y
(23

with Q" =«Q/2, F,,=Q/r?, and =1, satisfies Eqs(20)
and (21). In this case we have, = —d,Ay with Ay=QI/r.
However, it does not satisfy Eq22) (i.e., —2k?A-A
=F?2/4). This is so because of the presence of both brane
and ¢. Thus, the 4D Reissner-Nordstnoblack hole with

é{)= 1 cannot be embedded in the brane world. In the absence

f the brang(i.e., k=0), there exist charged black hole so-
utions with nontrivial ¢ field. However, such a charged
black hole is very different from the Reissner-Nordstro
black hole[18]. It does not seem that the presence of the
brane changes this feature of the Kaluza-Klein theory much.
On the other hand, however, if the scalar field were frozen
somehow from the beginning in E() (e.g.,¢»=1), there
would be no equation like Eq22). Consequently, by ob-
serving Egs.(20) and (21), one can easily find that the
Reissner-Nordstra black hole is a solution.

Ill. LINEARIZED PERTURBATION

In this section we consider the linearized perturbations
around the RS vacuum solutiony(,= 7,,,A,=0,¢=1)
for the dimensionally reduced effective action in E{8).
Actually, at the linear level, the truncated effective action in
Eq. (19) is equivalent to the nontruncated one in Ef8).
Let us introduce the perturbations around the RS solution
¢=1+kp. (24)

Yur=Nuvt &by, A,=0+a,,

Consequently,

;,MV: 7],LLV+KF,MV! F,uv: h/.LV+(P77/.w- (25)

the brane is replaced by any Ricci-flat 4D metric then the 5D . ] _
Einstein equations with a negative cosmological constant ar&hen the bilinear action of Eq18) or (19) which governs

still satisfied[15—17. Now note thatA ,=0 and¢=1 sat-
isfies Egs.(21) and (22). In this case, Eq(20) becomes

R,,=0. Thus any 4D Ricci-flat metriey,, is a solution.

Therefore, although based on the assumption for the zero

mode which isz-coordinate independent, our results repro-

duce this well known property in the RS model. Such some-
what general agreement may indicates the validity of our

ansatz for the zero mode. One can see that= 7, corre-
sponds to the RS solutigd]. Since the metric for the 4D
Schwartzschild black hole is Ricci-flat, the Schwartzschild
black hole can be embedded in the brane world as we
known. That is, assuming the spherically symmetric back
ground gun=H %(2)(;,.4%) with v, ,=diad1-2M/
r,(1—2M/r)‘1,r2,rzsin23] and ¢=1, we obtain the black
string solution in 5D anti—de Sitter (Adp spacetimd 16].

the perturbative dynamics is given by

o - K
KK_16’7TG4

dixd — Srornesa B~ ot T
x{ = 7[0*h*3,h 5= *ha,

— _ — — 1
+20%0,,0"h =200 ,,0"NET - 7(0,8,- 0,a,)

3
X(dMar—g"ak) = 59,90 o+ 6k%p? !, (26)

Whereh= 7*"h,,=h+4¢. Surprisingly, it turns out that the
bilinear effective action is invariant under the(ly gauge
transformation. The 1) gauge symmetry breaking term in

Eq. (19 appears as higher order term than the squared order:

i.e., B2k (1—¢p)A-A=—6k’k*para,.
Since this black string solution is unstable near the AdS ho-

In order to understand what physical states there are, let

rizon, but stable far from it, it is likely to end up with a us analyze the field equations as below. From the action Eq.

“black cigar” solution as conjectured in Reff16].
Secondly, it would be of interest to ask whether or not the
Reissner-Nordstra charged black hole can be embedded in

the brane world. It is straightforward to see that the Reissner-

Nordstron black hole solution

(26) we have the equations of motion

Oh,,+d,90,h=(3,0"N,,+3,0%,,)

—7,,(0h=3%Ph,5)=0, (27)
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Oa,—d,(4,a")=0, (28
Oe+4k?p=0. (29
By taking the trace of Eq27), we have
Ch—d%9Ph,z=0. (30)
Hence Eq(27) becomes
Oh,,+d,3,h—(d,0%N,,+,0%N,,)=0.  (31)

So far we have not chosen any gaugeﬁgrv. Now let us
choose the transverseor harmoni¢ gauge in the five-
dimensional spacetime. Since

hMV —a,

OMN= TMNT KEMN (€MN):<—aV 2¢), (32

the five-dimensional harmonic gaugeMeyn=3dne is
equivalent to

#h,,=5d0.h, 3,a"=0. (33

PHYSICAL REVIEW D63 064036

observe the effect of the bran&=%£0), thus, one needs to
study the one-loop correction rather than the linearized one.
For example, we expect the relevant vertex correction
(k®k3pa*a,) from the last term of Eq(19).

We also have observed that the spin-0 mode propagation
has a tachyonic mass, indicating some instability of the RS
background spacetime through the “radion” or “modulus”
field. Presumably, it suggests that some stabilization mecha-
nism for the 55-metric component is necessary in order to
have the stable RS background spacetime with a single brane
as in the case of the two branes. On the other hand, if one
requires theR/Z, orbifold symmetry in the brane world
model, there will be no vector zero mode propagations as
mentioned above. Thus, tH&/Z, orbifold symmetry with
the “modulus” field stabilization establishes the usual local-
ization of gravity on the brane in the RS modél.

In deriving the Y1) Maxwell term from the 5D RS brane
model, we use the conventional Kaluza-Klein approach. Ap-
parently, we find a nonlinear term as well AsA. This
arises from a sort of brane-Higgs effect: Here the isometry of
extra dimension was broken spontaneously by the presence
of the brane. Hence we expect that the gauge field becomes
massive. However, we have found that the massive propaga-
tion of the KK gauge field does not reveal at the linear level.
Fortunately, instead we find the massless vector propagation.

That is, the 5D harmonic gauge is split into the harmonicWhat will happen if we take &-coordinate dependent or
gauge for the 4D gravitational field and the Lorenz gauge foPther form of ansatz for the “zero modes™? We still expect
the 4D KK gauge field. Using these gauge conditions abovethere should be nonlinear or mass terms in the reduced ef-

Egs.(31) and(28) become

th,,=0, Oa,=0,

0

(34)

respectively. Therefore, it proves thELV and a,, indeed

fective action due to the broken isometry in the extra dimen-

sion. However, in order to answer whether or not the gauge
field becomes massless when linearized, some further work
in detail is needed. There were other attempts to achieve the
4D U(1) symmetry from the 5D () bulk gauge fields

represent the massless spin-2 gravitons and the masslddd 19

spin-1 graviphotons on the brane, respectively.
On the other hand, the spin-0 scalar field fluctuatpom

On the other hand, the RS solution can be extended to
accommodate the Schwarzschild black hole solution on the

Eq. (29) appears to be massive. However, it has a tachyonifrane as a zero mode solution. This is possible because the

massmiz — 4k? proportional to the brane tension square
It seems to indicate that the scalar fluctuation of the 5D;
gravitational degrees of freedom corresponds to the unstablB

mode in the RS background.

IV. DISCUSSION

d.RS solution is Ricci flat. Hence the Ricci-flat Schwarzschild
psolution can be embedded into the brane world by introduc-

g the spherically symmetric spacetime. Now it is very im-
portant to check whether or not the RS brane world allows to
have the Reissner-Nordsinoblack hole on the brane. As is
shown above, the Reissner-Nordstrdlack hole cannot be
embedded in the brane world, because this casd,ef0

We have investigated the KK zero mode effective actioncannot be a solution to the effective action of Eg5) in-
in the presence of a single brane in the extra dimensiorgluding the nonlinear term and-A. To obtain this black
Although the four-dimensional gravitational modes behavediole on the brane, it seems to be necessary to introduce some
as usual, the vector and scalar modes behave quite diffekl(1) bulk gauge field in the five-dimensional spacetime
ently. In the 4D effective action, it seems that the vector fieldvhose dynamics is localized on the brd2@].

A, does not possess thg1) gauge symmetry and that KK

photons are not massless any more. The scalardietdalso
no longer massless and couples to the vector field.

We have observed that the naive propagations of the sca-
lar field gives rise to the tachyonic mass proportional to the
tension of the brane. It may induce the instability of the RS

However, this is not all of the story. The linearized per-vacuum. In the linearized gravity, by using the residual
turbation analysis around the RS background spacetimgauge freedom, one can also impose the traceless gauge in a
shows that the 5D massless gravitational degrees of freedofipurce-free region in addition to the harmonic gauge. It fol-
are split into spin-2, spin-1, and spin-0 modes as the standat@ws mainly because [ Trace” vanishes in asource-free
KK model up tox? order. We have observed that the mas-region. What will happen if such traceless gauge is imposed
sive propagation of the vector mode in the 4D effective acin our linearized analysis? The five-dimensional trace is
tion is not revealed in the linearized perturbation. In order to= "Neyy=h+2¢=h—2¢. Hereh=h+4¢ is used. By
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combining the trace of Eq34) and Eq.(29), we have 1 P
k= —f dxV=y|R(7)~ 7 ¢°F
167TG4 4

Os)e=0h—20¢=8k%p, 35 ~2_uv 205 _ 77

(5)€ ¢ ¢ (35 +2 729", bd, B+ BKA(2— 2[4+ KX ZAFA,|
where O(sy=0+dZ. Thus, imposing the five-dimensional +K2Pp*A-A)

traceless gaugé.e., e=0) directly results inp=0, that is,

no graviscalar fluctuation. Sinde=e—2¢ andh=e+2¢, 1 . K2

it also means the four-dimensional traceless gatige, h ~ 167G, d*xy =7/ R(y)— Zd) F

=h=0). In other words, we naotice that the existence of the

tachyonic graviscalar fluctuation is mutually inconsistent +2¢72yd,$0,b|. (36)
with imposing the traceless gauge condition. Therefore, the

resolution of the_ instability of the RS background spacetime o o e see that the graviscalar fluctuation as well as that of
QUe to the graviscalar transforms to whethe_r or not one caf, gravivector becomes massless in the linearized perturba-
impose the traceless gauge. In the linearized gravity, thgons Therefore, in order to clarify the issues discussed
trace of metric fluctuations can be set to be zero by usingpoye further investigation is required on what the correct
remaining gauge freedom provided that there is no matteform of the ansatz is for the zero mode in the brane world
source in the region in consideratip®l]. In our analysis, scenarios.
however, since the graviscalar field plays as a matter  Finally, it will be interesting to extend our study to vari-
source in the trace equation above, it does not seem to hgus types of brane world modef§] as well as to the RS
plausible imposing such gauge condition in the first placemodel with two positive and negative tension braf@sand
Presumably such traceless gauge condition can be imposede how the (I) gauge field behaves in the 4D effective
onﬁ(DFzO), but not onh (CJh=16k%p). action. It_WiII be also_ Wort_h investigf'iting how graviphotons
As mentioned above, another possible caveat of our resund grawsg:alar partlclesllnteract with the 5D bulk standard
is that the tachyonic graviscalar fluctuation is merely an arodel particleg11,12,23 in the presence of branes.
tifact of the ansatz for the zero mode we used in this paper.
For instance, instead dfl(z)=k|z|+1 in Eq. (2), let us
assumeH (x,z) =k|z|¢(x) + 1 for the zero mode. This ansatz ~ The authors thank Hyungwon Lee for helpful discussions.
is analogous to the form used in RE22] for the case of RS G.K. thanks Seungjoon Hyun for useful conversations. This
model with two branes. Then the 4D effective action is givenwork was supported by the Brain Korea 21 Program, Minis-
by try of Education, Project No. D-0025.
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