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   XVe iiivest･igate the effect  ol' displaceir}e.Tits of  the brane in Llie ext･ra  dimension. The

SilZ2 cornpactified  5D  anti-dc  Sitte,r spa(.:etime  bounded  by positive and  ne.crative  t･ension
branes is considered.  The  relative  displacement oi' a  bralle is called  a  

[`radion;'.
 XVe st･udv

displacenients caused  b}, the 
"fluctua,tion"

 of  a  brane "'ithout  the rriatter  energy-rnornentum

tensor  on  Lhe br'ane. X･lie derive the solution  fc)r a  homogeneous  I'luct･uatioll of  an  expanding

brane. It is found that  the  hoinogeneous  brane fluctuation int,eract/s wit･IT  a,n  a,nisotropic

bulk pcrturbation  and  thereb,v nffects  tbe a,i]isotrop.v o!' t･he brane. By  deterniining the
bulk anisotropic  perturbation, we  calculate  the homogcricous metric  pert･urbations on  the

positive tenslon  brarie and  find a  iarge-scale C",IB  anisotropy.  An  interest,in.ff finding is that
the radion  contribut,es  to  the CN,IB anisotropy  if th(t' ctistance  between the  tw()  branes is tiine
dependeiit. The  observational  consequences  of  t,hese effects  are  discussed,

Sl. Introduction

    String theory  $uggests  the idea ot' confiniiig  the  standard  inedeL  particles to a
3-brane in a  liighcr-dimensional spacetime.  Based on  t･his brane world  idea, Randall
and  Sundrum  proposed vei'y int,eresting inodels  with  branes in a  5D  anti-de  Sit･ter

(AdS) spacetime.  If there is a  single  posit･ive tellsion brane, 4D  Newton  gravity can
be recovered  on  the brane alt･hough  the  extra  dimension extends  infinitely. . 

i)

    In brane world  models,  a  llew  geometrical degree of  freedom is illtroduced, i,e.
the  displacement of  the  brane in the ext･ra-dimensioll.  If we  cho()se  an  appropriate

coordinat･c  gauge, the  displacement of  th¢  brane is described bv the scalar  field
existing  on  the brane, Fer example,  the displacement of  the Meillkuwski bralle g
obeys  the  equation

                                       t{:2･

                                
D49=6T.

 (1･1)

where  T  is the  trace of  the  energy-rnoinentuin  tensor of  the  inatter  on  the  brane
and  Z,i is the d'Alembertian operator  in 4D  A,Iinkowski spac;etiine,  

3)
 Thus therc  are

tw･o kinds of  displacements of  the brane, corresponding  to the two  killds c)f solutic)ns
of Eq, (1･1), i.¢ . the homogeneous  and  the  particular solutions,  [[ihe homogeneous
solution  tbr Eq, (1･1) "fitli  T  :=  O represents  the C`fiuctuation;'

 of  the  brane. The
brane can  fiuct,uate by itself, without･  the matter  eiiergy-momentum  tensor. T]he
other  kind of  displaceinents is the ':bend"

 of  the brane, due  t･o t,he inatter  on  the
brane. The  trace of  the energy-momentum  t･ensor acts  as  a  tension, and  the  bra,ne
bends due  to this effect･ive  tension.

   
')
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   Of' particular iiiterest is the det,ectability of  the l)rane fluctuation. A  sirriilar

siLuaLion  "ra,s collside,red  iri t,he analvsis  of  the fluctuation of  a  thill doinain "Fall,4)                             tt

It wa$  shown  that the wall  fluctuation cannot  be seen  bv  am  jnt,erior observer  on                                              -

the "rall, becausc the  fiuct･uat,i()ii does not  challge  the curvature  of  the doinain "iall,

However, this analysis  was  done only  Ibr a, test doinain w･all.  If we  t･ake into account

s,ravitational perturbat･ions, it may  bc possiblc to see  the  effkict uf  the fluctuation.5}
'[I]he

 saine  statemo,nt  applies  to the brane fluctuation, If there is only･ one  branc,
thc bulk possesses  a, trans]aLional it"rariance, at  least "rheii  the  ellergy  density of

t,he inatter  on  the  brane  is sufllcieiitlv  snialler  than  the Lension  of  the  brane. In
t,his case,  the gravitational perturbations are  not  affected  by thc braiie fiuct･uation.

Because the brane fluctuation can  be dete,cted ollly  through  the  interaction with

gravitatic)nal perturbations in the bulk, the brane [luctuation has no  ph}rsical degree
of  freedom in the. one-t)rane  iiiedel. HoiKrever, if there are  two  branes, the  grav･ita-
tional perturbations are  c:onfined  bctw･ee.ll the. twe  branes, R,esult/ing displacemcnts

oi' the  branes change  tho. clistallc:e  bet"ieen the L"ro branes, and  they  sliould  tli(ll'efore

afTect  the, gravitati()nal perturbations. Thus  the brane, fiuctuation ac:quires  a  physica]

des,i'e(.i ()f freedom, and  there is a, pessibilit,y to (le't/ect/ it. If the  e.xtra  diineiision is

Z?" syninid,ric,  it･ is coinpact,  T'lie brane, fluciuatioll indeed changes  Lhe size  of  the

extrti  diniensioii. For this reason,  the  L)rane fiuctuation is cal]ed  a  
"ra,dion"

 in the

literature.6)

   Let us  corisider  a  Si/Z2 compac:tified  5D  AdS  spacet.ime  bounded by t･wo positiv･c
ancl  riegative  tensi()ll braiies,2) For such  a systeni,  it was  shown  that the 

.ifravity
 on

the l)ranes is describe('l by the Brans-Dicke (BD) theory. wliere  the radion  acts  as  a

BD  sca]a,r.3) If we  are  living on  a  positive tension brane, the BD  parameter  can  be

compatible  with  c)bservations  if the  distance between the  two  braiies is sutliciendy

large.

   Now  lct us  consider  cosniology  })ased on  this  scenario.  Tlie branes expand  due

to  the  inatter  energy-inoinentuni  t,e]]sor on  the brfx,ne, On  large scales,, the. brane

exhibits  a, hoinogelleous fluct･uation, Interestiugly, the dyna]nics of  a  honiogeneous

aii(l isotropic brane ar ¢  det,ei'rniiied onl.y  by, the  inatter  energy-inoillentiiin  tensor

on  the bra,ne if the  bull< is a  purely  AdS  spacetinie.  Thus  a, hornogelleous ra,dioll

does llot  afi'e.ct tlie (.ivolution of  a  homogeneous  ancl j'sotropic  braiie, However, i'E

one  allows  spatial  anisoLropy  of  the brai]e, Lhe sit･uation  cha' nges  significantly.  Ill

this case,  an  anisot･i'opi<t'  perturbat,ic.m in the  bulk is allowed  to exist,  Then,  the

hoinogeneous brane fluctuation inteTact･s "J･it]h the anisotropic  bulk perturbatioll, and

the hoinogeneous radion  coiitributes  to  Lhe  anisotropy  of  the positive teiision brane.

Our  uriiverse  has an  a,nisotropy,  which  is Tneasured  by the teinperature  anisotropy.

of  the  cosmi{:  microwave  t)ackground CCA'IB), Thus  it is importaiit to clarlfy  the

colltribution  of  the homogeneous  radion  to the CA,IB a,nisotropy.  The  aini of  this

paper  is 1,o derive a  solution  I'or the homogeneous  radion  in the case  of  an  expaiiding

brane a,nd  inve,stigate it･s effect/  on  the  anisotropy  of  the  positiv･e t,eiision brano.

   Ow･ing to the  limitation on  the length of  this paper,  w･e  omit  detailcd calculations.
Intereste(1 readers  can  filld these  ¢ alcu]ations  in R,ef. 7).
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g2. Set up  ofthe  model

   "ie consider  two  branes ]ocated at  the  Si!Z2 orbifold  fixed poillts in 5D  AdS

spacetime.  Our systein  is describe.d by the  action

        S =  2k2 ,/ 
d5a' Fb  (Rs + 

ll;/)

            +,=ElB(-ttZ/d4X  
-gbianeztfCiix

 
-ghianezLmaLLe,n)

 (21)

where  R5 is the  5D  Ricci scalar,  l is the  curviiturc  radius  of  the AdS  spacetime  amd

A'2 =  8TGtt, where  Gff, is t,he 5D Ncwtoll constant.  Th(i brane A  has positive tensioll

IiA, ancl  the brane B  has negative  tension  Iz,B. These are  taken as

                         2.,t  6 2B  6

                       
K･
 Lt･ 

=7,

 
fT･
 li･ 

=-7,

 (2･2)

in order  to ensur(., that each  bra,ne becoine,s A'Iinkowski spacetiine  when  there is no
nia,tter  on  it. [I]he induced nietric  on  the bralle i is denoted by gt,,,..,i., and  t･he
matter  tliat is cc)nfined  to the  braTie i, is described by the Lagrangian L..tt,,i･J XNie
assuine  that we  are  livins, on  the posit/ive t,en$ion brane A  and  we  clo not  explicitly

express  the  index i =  A  in the following.

   "t'e take t/he metric  for the backgreund  spacetime  as

              ds2 =  e2XY't)dy2  -  e2i3(IV't)dt2  +  e2"(  ･V:t)6,IdxZdxj. (2･3)

The  extra  coordinate  :ij is c,oi/npact alld  runs  from  
-l

 to t. Furthermore, the i(leiitifi-
cat/ion of (y. t, xZ)  with  (-y, t, ,:i) is ma,de.  Thell the ext,ra  diniension becomes  Si !Z2
con]pactified  spacc.  The  brane A  is located a,t y =  O aiid  the brane B  is loca,ted at

y =
 l, Tlie 5D  energy-inoine,ntuin  tensor (including the Lensiolls of  the branes) is

taken  as

      [Z],iY =  [(- 
.6,tdiag(O,

 1, 1. 1, 1) + diag(O, 
-p,

 p, p, p)) ti(y)

            + ( .6,ldiag(O,  1, 1, 1, 1) + diag(O, -pB,pB,f)",  1)B)) oA cy -  l)] . (2,4)

"･ie write  the power  series  expa,nsion  of  the  Tnetric  near  Lhe bra,ne$ as

                                   ce2(t)  o

             
a(y,t)=a,o(t)+ai(t)ly[+

 2 Y+･･J,

             a(y,t)-a,B(t)+aF(t)gy-tl+aS,(t)y-l12+,,,,  (2.s)

   XNiheii we  consider  the  perturbatioiis, t･he exp]icit  form of  the  bulk inetric  rr]ust

be known.  In a(ldition,  we  also  nced  to solvc  the bulk evo' lution equa'tion  ft)r pertur-
ba,tions. It is generally  difficult to exactly. solve  the  evolution  equat,ic)ns  in the  bulk,
For this reason,,  we  solve  t,he evolution  equatioii  in the  bulk by assuining  that  the
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systein  is lleai'ly  static,  [[k) do so,  we  assunie  that the ()nergy  densit･y･ of  the  ina,tter

on  the braiie is suMcientlv  srnaller  than the tension of  the brane                    v

s,:21p K  1, ft2zRB  <  1. (2･6)

Froni the  Friedmann  equation  on  the bra,ne, the  t･ime derivative ()f the inetric  (;2 is

oi' the order  (K2t-ip)i'i2. Also, froin the  junc:tion condition,  the !/ derivat･ive of  tbe

ll)etric a'' is of  the  order  Z=i for K･21p  <  1. 
'Then

 thc  time derivative of the rnetric  is

inuch  snialler  than  the  y-deriva,tive of' the Tnetric:

(eOyt
 7t)

2

 rv  t{2zp K  1 (2･7)

[[ihe bulk rnetric  can  be ol.)tained  by  solving  the  Einsteill equation  aiid  ,iunct･ion

colldit,ions  perturbatively. in terms  of  t{21R.  The leading orcler  solutions  are  obtained

a$  8)

              a--b(t)\+cvo(t),  ,B=-b(t)\,  
"r'=logb(t)..

 (2･8)

where  b(e) is the fiinctioll that  describes the  time  evolution  ol' the phy$ical  distance
betw･een two  branes:
                           l

                          ,L dye"Cy'`)-lb(t). (2･g)

"J'e assunie  that  t･he time  dependcmce of  b(t) is also  "Teak,  i.e. (b!t)2 e"  f"21p  <  l.
flihe

 behavior of  the scale  factor ao  and  the distaiice between  t･he two  branes b(t) are

deterinined by the llext  order  equations.  It should  be noted  that the fiJnctioii b(t)

is a,lso called  the 
[`radion"

 in tlie lit･erature,8) I.n order  t() avoid  t･he confusien,  we

use  the  terin 
CLradion':

 ollly  in the  rcftrrenee  to the displaceinents of  the brane in this

paper,

S3. Brane  fiuctuatioR

   In this se,ction, "ie  find the solutioii  for the bra,lle fluctuat･ion, The  brane fluctu-

ation  is not  coupled  to the energ.y-momenturn  tensor  of the matter  on  the  brane.

Be.cause the e,volut,ion of  the  brane univei'se  is detcriniiie.d $c)lel}.r by  the  matter

energ.v-inonienturn  t･eiisor, the brane fluctuation does not  change  Lhe  evolution  of

the  brane imiverse,  [I]herefore, we  will  fiud the  displacemerit of  the brane that dues

no't affect  the  evolution  of  the hoinogeneous and  isotropic braiie,

   Lct us  consider  a  brane A  that  is located at  z/ =  O. Now,  suppose  that  the

location of  the brane is displaced infinitesimally, . The  displa,ced brane is denoted by

A, The  displaced brane is iio ]onge.r lo(;ated at  
･y
 =  0. It is convenient  to pertbrm an

iiifinitesiinal courdinate  transforrnation aiid  go to the coordillate  sy. st,em  in which  the

displaced brane A is located at 9 =:  e. For this purpose, we  perform  t,he coordinate

tra,nsforlnation

                a;M-:rM+c;M,  EM=(C"(y,t),C`(y,t),O), C3'11)
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which  preserves  t･he homogeneity and  isotropy of the brane. By  choosing  an  appro-

priate gt, we  can  impose the normal  condition  gyo =  O. This choice is

                    ct (y, t) =  
,1[I

"

 dye2(:' 
-'3)6Y

 (y, t) + 7b (t), (3･2)
whcre  [lb (t) is the residual  gauge trallsibrmation  whi(;h  depends only  on  timc  t. Theii,
the induced metric  oll the displace.d brane A is gjven by

                   ds7. ...yt  =  -e2S[' 
(t>
 dt2 +  e2aOCL)  o-,,? dx`da;･i, (3.:3)

where

                    ,2,So =  e2`if}(1 + 2[it] +  2,Bo7b +  26iC8)･

                    e2du=e2"o(1+2ao7h+2aLCoY).  (3'4)
Let us  find the coordinate  t･rallsformation CY that does not  chaiige  the  evolution  of

the  brane, It sliould  be neted  that t･he evolutioll  of  the  brane is deterrnined oll1}J by
ao,  ,So.  a]  and  ,6i,  Hence, we  first demand  that the mc}tric  oii the brane be unchanged
by the  coorciinate  transfomnation; that is,

                           (')/o=ao;  ,Bo=,6o･  (3･5)
Then 7t)(t) is determined by ec"/ as

                     [Ik} --[;.  ;' c,Y. [tb :-  
-si

 coY -  ,Bo  Tb, (3･6)

Hence. t･he physical  displacement･ of  the brane p  =  c"'OCoY should  satisfy

                       P-  (?cff;'.,. (ai,.9'TL9) =O,  (3'7)

w･here  T  is t･he cosmic  time  oii  the  brarie. Next,, we  consider  the first derivatives of
the  metric  with  respect  to y, In orcler  to ensure  that the evolution  ()f the  inetric

ceo =  ctro and  
,Bo

 :=  
,3c)

 on  t･he displaced brane A  is the same  as the cvolut･ion  of the
metric  on  the  brane A, the junc;tion collditions  should  be the  sa,me  as  t･he junction
conditiolls  for the brane A. These coiiditions  also  give the  equation  for g,

    g," + (2 + 3c,2)ae,Tp,T 
-
 (3a?/,. + 2ae,.T + dv\eU21"'-2T.,, + 3c,2, cing,.) v =  O. (3･s)

It is very  interesLing t･hat this equatioll  has a  conserved  quantit/y C*, where

                 CL* 
=-ctzie-"O

 [g- iVoti;'. (ai.q.T7g)] (3'9)

If C, =

 O. the  condition  (3･9) is compatible  with  the condition  (3･7). For u) -- cZ  =[

const,  we  caii integrate Eq. (3･7) aRd  obt･ain  the solution  for p, At high energies

(K21p >  1) and  at  low energies  (fi,i21p <  1). we  obtain  t･he solution  as

             g(t) =f(t),
 f(t) =  f.e"C3t"t2)a'u, (for K21p>1)

                                   3u'+1

                                     2 
CiO,

 (for K21p<1)  (3･10)                         f(t) =  ,1'.e-
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where  f. is the integration  constant.

[I]he saine  argLmient  iiolds for the
fliictuati()n of  the brane B  as  fB(t)

 
'I"hese

 are  the  solutions  for the brane fiuctuation.

Huctuation ot' the brane B. "･t'e w･ill denote t,he

g4. Radionandlargescale  anisotropy  on  the  brarme

4.1, Ani,sotropic shea,r  in the brane worZd

   Ir! 
'the

 previoiis section,  xxre ft)und the  solut,ion  for the  brane fluctuation f(t)
"rhich  does noti  (:hange  the evolution  of  a, hoinogeneous an(d  isotropic iiniverse.  In

this case,  the evolut,ion  of  the  brane fluct,ua,tion is detei'Tnilled locall.v, a,nd  it is lloL

neces/sary  to ilnd the geoinetry of  the w･hole  5D  spacetirne,  However, c)nce we  take

into account  thc allisotropy  of' the brane, the, situation  changes  significant,1,y,

   Let us  considei'  a  hoinogeneous biit slightl},r anisotropic  5D  spacetirne.  III'he Tiietric

for this 5D  space.tiine  is taken as

         ds2 =  e2:'(y･t)dy2 +  e2I3CV't)dt2  +  e2`' 
(W't)(o',]

 +  el(?y. t))dx' dx'7 , (4'1)
where

                     fl7i.i (Y, t) =  O, (fOi' 
･i
 =T. j)

                            :-  III(y,t). (for 
'i
 7L.7') (4･2)

The braiies are  a,gain  located at Lt =  O and  
･y
 ==  t, respectively.  For a  liiiear a.nis()iropic

shear  I]'(zy,t) <  1, the  evolution  equat,ioii  for II(y,t) is givell by

        -(IT"  + (3ct' +  ,B' 
-  o･')IIZ") +  e-2<"-'D(ll  +  (i3("> -  i') +  i,') I)') =  O, (4'3)

   Let us  investigate the effect of  t･lie brane fluctuation on  the  tniis()tropy･ of t･he

braiie. New, suppose  that  the brane is displaced due  t,o tlie brane fluctuation. XSJ'ei

again  perfor. rri an  i'nfinite.sinial coordinatc  transforniation  ai]d  consi(ier  the coordinate

svstem  iii whicl]  the brane is loceited at  9 =  O:

          :x 
iV

 -  ,i･ 
'W
 +gA'f. g ̀

'V
 =  (Y(y,t, .ct),T(y. t, ,ir'), X' (y. t, :"')), (4･4)

In an  a,nisotropic  spacetirne.  a coordiuate  transft')nnation  that depends on  the spatial

coordillate  is allowed.  VLie take the  coc)rdinate  t,ra,llsft')riiiation fiinction to be

           Y=  4Y(y,t)w(a:`). T  ==  C`(y,t)w<xZ), Xi  
--
 g(y,t)ai(g:t), (4･5)

"rhere  cti(,n'") and  a'i(xi) Eire functions of  the. spatial  coordinates  given  by

          l2uv'(a;i) =  l2 +  (,rix:2 +  ::L':r3 +  ,r3a)i),

          lai (u't) =  ti)2 +x3,  la2(m') =  :':S +  a;i, Za3(nri) =:[  xi' +x2.  (1･6)

The  functions cv(frt)  aiid cr'(ft]i) were  deterniilled so  t/hat the  spatial  hoinogencity

of  t･he ulliverse  is preserved  after  the coordiiiate  transforrna,tion.  As  in the  isotropic

univeT'se,  we  caiJ  find a  coordinat･e  trarisforrnaLion that  does not･  chaiige  the  evolut,ion

of  the metric  by. choosillg  CtYt =  er:'`'f(t)  and

                   E ̀(y, t) =  
,1:

"

 dye2(,-3)c'Y(y, t) +  
'Tb
 (t) ,, (4･7)

NII-Electronic  
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where  [I}) is givcn  by Eq. (3-6). The  norinal  condition  gyi, :]  O alld the condition

bio =  O on  the brane A  can  l)e satisfied  by  choosing  an  appropriate  X":

                ,e(!/, t) =  
-l-2

 Y[l
"

 dye2(:'-or)CY(y, t) +  l-iXo (t),

                .Xro(t)=l-ie2(Bo-`tze)7-b(t). (4･s)

Thc  trace part of  g,) is not  transformed.  However,  the  traceless part of  giJ･, namely

the  anisotropic  shear  I]'(y,t), is trallsforined as

            D(y, t) =  iii(y, t) 
-
 2bL' y:

Y

 e2h'=")cy(y,  t) +  21-ixo  (t). (4･g)

Thus the .junction  condition  for III' is given b),r

                      ll1 =o=  JTI -2eheLLao)t-2f(t).  ".lo)

Thus, now  the problcm  is to solve  the  wave  equation  for U(y.t), i,e, Eq. (4･3)
-Tith  the boundary  conditions  (4･10) and  to calcLilate  the anisotropic  shear  1)o(t) =

IIIo(t) +  21-iXo(t) on  the  displa{'ed brane, If thc solution  fbr ito is dilferent from
I7b(t), we  conclude  that the brane fluct,uation atfects  the, anisot,ropy  ()fthe  brane,

4.2. Ani,sotropic sh,ear  indu,ced by brane fizLct'uation

    As rnentioned  in li2, we  so]ve  t,he bulk evolution  equation  using  the assuinption
of  a, nearly  static  configuration.  The  bulk metric  is giveii by Eq, (2-8). Then  the
wavc  equation  for ll iri the bulk is give.n by

     RF" 
-
 b(t)lll' 

-
 b(t)2eLb(')ylt (fi + (i' :

't2

 + 3do 
-
 2b(t)\) br) =  o, (4･ii)

Here, the tirne dependence of  JT is assumed  to be weake,r  than tlie :l dependence  of

u:

                            (a( i
llu)

2

 =s<  1' (4'12)

"Jithin this approximation,  we  obtain  the  followillg solution  for b'o that depends on
f(t):

           fro--2e-2""f,.,(,t,)l'3Ar(b(t)), Ar(b(t))=(2,.i
b

i)(t)) (4･13)

Thus  elle can  see  Lhat the brane fiuctuation becomes a  source  of  a,nisotropic  shear,
However. if we  take b -> oc yielding the one-brane  mode],  we  get N(b(t)) -  O. Hence,
in this case  the brane fluctuation does not  affect  the evolution  of  the  anisotropic

shear,  Thus, the brane Huctuation has no  physical degree of  freedoin in the one-

brarie rriodel.
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S5. Conclusion  and  discussiorm

   In this paper, we  invc",st･igated the  efE'ect, of  displaceinents of  a  brane in t,he. extra

dimer)siell. ",'e considered  the Si/Z2 compactifie(1  5D  AdS  spacetime,  The  positive

aiid llegatisre  teiisic)n branes are  locat･ed at  the  orbifoIcl  fixecl points. It is assumed

that  we  are  living on  the positive tension  brane, XS･:'e showed  that  a, hoin()geneous

fluctuat･ion of  this brane f(t) evolves  as  ,f'(t) o( e-('SL"+i)"OR  at low energlcs,  where

e"O{t)  is the scaLe  factor ofthe  brane, Such a  ILornogcneous brane fluctuation can

interact with  an  anisotropic  pert･urbation of  the bulk. In this way,  the  anisotropy  of

the  branc  is aff'ected bv the  iluctuation. ",'e derived the anisotropic  shear  induced

by the brane fluctuation, In order  to derive this soluti()ii,  it is necessary  to solve

the bulk evolutien  equat,ion.  ",'e solved  this equation  with  the  assumption  tha,t the

systein  is nearly  static.

 
"

 Aii iiitere.sE'iiie point is t･ha,t the C),IB anisotropy  due to the Sachs--XN･J'olfe effect

is given by

                 
AvT

 ==  -3e"el  
tr
 [e""li'o] =  

N(.b,it))l-if(t)
 (5 1)

Then, lf iihe distance b(t) is tiine dependent, the brane fiuctuation will indeed aff'ect

the C)･IB anisetropy,  However, ii' the  distanc:e between two bralles is time  indepeii-

dent, the aiiisotropic  shear  induced by. the  brane fluctuation will  not  contribute  t,o

the C?s･IB anisotropy,  The time variaLion  of  the  distallce between the two  branes

makes  the effective  4D  Newton  cQnstant  vary  with  time. [["his time  variat･ioll  of  the

4D  Ne.wtc)n constant  is constrained  by observat･icms.  If we  consider  ollly  the displace-

ineni  of  our  braiie, thc inodification  I'nduc:ed by the tinie variation  of  tl]e dist,ance is

supprcssed  by the  fact'tor )II(b(t))/(fuo, which  is of  order  10-6 at the decoupling. Be-

cause  the  braiie fluctuation f(t) is a  dccreasiiig functioll of  tiine in a  dust dornillated

universe,  it is difficult to detect the fluctuation of  our  brane,

    lf we  consider  displaceirients of  the  hidden brane,, the, sitiiation  becoines iiiore

c;einplicate.d.  Displac;errients of the  hiddeii brane apl)ear  in t･he CAilB anisotropy  cm

our  brane in a  noTi-trivial  i'nalliLer. It would  be very  interesting to per'forin detailed

c;alculations  of  their eHie(t'ts with  suinc  specific  niodels.

1)2)3)4)5>

6)

7)8)
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