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ABSTRACT

We, consider a spage-like aether field with a-fixed expectation value along
the extrd dimensions i an” M "*xT>spacetinie. The-crucial propetty in our model is
the energy-moementum tensor_associated with-the aether has mnot vanished and it
decays with an/exponential rate. These imply that thesaether field would inevitably
contribute to the potential.and.possibly-stabilize the extra dimensions. In addition,
the interactions, of aethers with scalar=field in our background lead to a modified
dispersion relation that increases the mass of'the KK exeitation. This mass depends
on both the moduli of the extra dimensions and-the angle of aether field in its own

parameter space.

Keywords: extra dimensions, Lorentz-violation, dark energy
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Introduction

Data from Type la_Supernovac_Observation and Cosmic Microwave
Background (CMB) suggested. that the universe conmsists of the unknown sort of
energy, namely dark enétgy which is responsible/for-accelerated expansion of our 4-
dimensional spacétime: Unfottunately;~the origin-of dark“energy is still not well
understood fof physicists:” Recently,-it was found *by Greene and Levin that the
Casimir enérgy of e¢ertain combinations of massless/and massive fields in space with
extra/dimensions could 'play a crucial role of /dark energy ‘and ‘it also stabilizes the
extra dimensions [4].. However, if there are/ non-relativistic matter fields in the
universe then' this-model cannot stabilize-‘the//extra“dimensions. Chatrabhuti,
Patchatamaneepakorn| and \Wongjunproposed-/a |way to solve this problem by
introducing the aether field into-their-model; the result showed that it can slow down
the acceleration' of-the-extra, dimensionand let thefine-tuned Casimir energy
stabilizes the extra dimension/successfully {2,3]. . However; to solve the hierarchy
problem, a six dimensional spacetime-is preferred {1).

In| this_paper_we /will ‘investigate the model in~ M7 xT *spacetime by
studying~the Liorentz-violating field, called aether with non wanishing expectation
value aligned ‘along the dir¢etion of extra dimensions. The /interactions between

acther and’scalar field have-also-been-discussed;

Aetherfieldin M= xT?* spacetime
We consider on a.product space M'> xT? Alamely-a prodiict space between

a 4-dimensional spacetime and.2-dimensional” toroidally-compactified space. Let’s
define the coordinates X2 =Ax“4x>X"} whete X*, with u_=0,...,3, are non-compact
coordinates and Xx’,X° €[0;2z]compact coordinates. We assume the cosmological

ansatz

ds* =g, (x)dx“dx” +h; (x)dx'dx’, (D)

where the metric h; represents the two dimensional compact space with i, j=5, 6 and

takes the form
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Note that 7 =7, +ir, is the.shape moduli and the.radion field b(X) parameterizes the

size of the extra diménsions:
Now we considerthe acther-ficld-u®.is of spacelike-vector type, and we can
define a field strength tenSoras
Vao =Vally= Vil | | (3)
Even though'the acther field is not related to the electromagnetic potential A, its field

strength tenSor 4s'in the Maxwell form. Demand /that the notm of the aether field is
fixed, we writ¢ the action with the-constraint U U} = v*as

szjdﬁx,/—gh {—%vabvab—z(uaua—v2)+ZLi] 4)
Note that L, represent vatious interaction terms between aether field and other fields

such as boson which we will consider-latet:

By varying the action with respect to theaether field;"we abtain the equation
of motion foru®;neglecting the interaction terms,

VL Uty VN =0, (%)
To find the background/solution-we-impose-the/acther field pointsralong the extra
dimensions, so that
u® =(0,0,0,0,u7,u°);

(6)
this selution-must satisfy the constraint equation, that is
2
b 20’z b’ |7
vi=—@)yE—u’ + 4 (U
TZ TZ 2-2
(7)

Using the complete square methed we parameterize the solutionsin our background as

g . ,
ua=[0,0,0,0, \ég[cosﬁ—qsmej Vsmej,

2
& by/7,

(8) where 8 = 0(t)is an angle parameter that depends
only on time. However, this configuration needs to satisfy the equation of motion.
Substitute into Eq.(5), we obtain the equation describing dynamics of the
parameter 4(t)
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0= 8[)1;9/2 V(t, cos @+, sin @)(—8H, 730 —2H, 7,7, + 2H, 7,7, cos 20 — 4H, 77,7, + 4H, 77,7, cos 20
2

—2H,7/'7,7, +2H, 77,7, cos 20+ 4H, 7,757, sin 20+ 4H, 7,727, sin 20— 12H 7,7, cos 20 — 4H, 737,
+12H, 737, c0s 20— 4H, 17737, cos 20=AH7 737, §5in264 2H, 77, cos 20 + 47.7,0sin 20
—77sin20-27]%] sin 207, 7] sin20 ¥2%,03, ¥ 25%,7, —21,#sin 20 - 2r,7,7,
+05 1] sin 20+ 128°H, 75 (22,0 + 1, ~4H, 7,737, + 4H, 7154, 00520 — M, 7 00t +4H, 7737,
+4H, 7757, c0820-12H 1737, sin20 1 16H;mi7ysin 20+ SHyT T, 7 Sin20% 4H, 7,77,
—4H, 7,757,€08 20 41,7,0€0820 — 7,7} 1,5, cO8 20— 20, 5t 27753, €08 20— 7)1 7,
+T1 T, 008 2001 7,148 20 271,77, Sin 20 1+ 671 %, T, 63T, 008 20+67, 5.7 7,
21,04,7, 81020 — 73 #{7, —137,7, 008 20+ 27,7, 1 21,1,F; 008 20 <24, 7, 754277, 8, cos 20
HATIE; Sin 20+ 24 6315+ 21,15 5 c08 20—bP 7, (27,0 +1, )(“AH, 7.(cost B+ 7 cos” O +z,7, sin 20
+73 sin” @) — (¢} $in20 + 27z, #sin 20(1+ 23 )7, +2(c$’ 0 + rf cos” 6 — 1'22 sin” 0)z,)— 8739
4037, — 47,7 /c0s 20 —4737,) sin 26

)

where Ha=g, H, :9.
a b

Energy- momentum tensor of the aether field
By! varying the action| with respect/ to/ the metric,”we obtain the energy-

momentum tensor from the acther ficld-in the following form,

/< c 1 cd -2 dc (10)
T =Yeclh |S ZV“‘V Gap YU U VY™ Raising) an index to
obtain:
1 - : .
10, = Voot WA(4H, 7 T A0 47 cosP B+ 27,7 /510 204 75 (11)
2

+4H, 7, (/51 20 7, €08 20)+87,6-cos O(zyCosB + sin 67,))

1 . . . & . 4
T =2 VYAH. 7 + 47,0 +4¢fe0S” 0+ 277,510 20 +7,
2

+4H, 7, (7, sin20 —7, €03 28) 87,0 c086(7, cos@'+ 7, sin 0))

(12)
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1

T =- ™ V3 (=16H.7; (=7, sin 20 + (2 + cos 26)r, ) + 4b*H, 75 cos O(4z; cos @sin® O +

5 T25
(sin@—-3sin30)r 7, + 4z, cos’ @sin O(—1+17;) +,(4cos@sin® @+ (cos & + 375 cos30)r3))
(27,0 +7,) + 48H 7] cos O(—, sind=+15cosO)(7rsin 20 — 7, cos 20) + 87,7, cos” sin @
(7, cos 0 + 7, sin O + 4b°z5Cos (=7, simO+7, €08 6’)(2129 +7)(2(cos’ O + 1] cos® O —
77 sin” 0)7, + (7} sifl 20 +:27, 75 hsin 20(1+ 7 )Ty 2, 7, (8% cost@ + (6sin 20 +sin 40)7,7,
+4¢7 sin® 20) #2742 sin 20(1 + cos20 =z, )i, ~4eos” B(-28M 10+ (2 cos 20)7; )7, 7, +
8757 cos @5in’.0) +27,7,(~4€0s” (1 + c0820+ 75 )it 2sin 20(1 H(=2 +cos 20)7; )7 7,
+2(sin’ 20~ 4z; cos* @)#? ) - 21, (—2H, 777, 8in” 20 + 2H, iz sin 26((L+ 3 cos 20)7, —
2¢, sin 20=4H, 7. €05 O(2(sin /@ sin 20 +,-¢6530)7, + (sih & —3sin 30)75 139 4H, 77, cos O
(2sin30(— 1+ )7 + (4 cos @sin’ @ +(cosO+37] cos30)rs )i,) +22,(-87; cos O@H H, cos
+H. cos @+ H, cos @< 2H,8sin ) +4H,7, cos’ @sin O+ 4H, 7,7, cos? 6 + H,z; (10sin 20 +
3sin 40)7, — 42 c0s28 + cos 40)e))+ (872 (3H H; sin 20 +H, sin 20+ H, sin 20+
2H0¢0s 20) + (=1 cos 40) M, +4H, 73 cos” O((=14 3105 20)¢, — 2, 8in 20 ¥4 H jv2 cos O
(27, €08 30+ (=3 sin 8.+ 5sin 307, )=, (4 cos=@(54 cos 20)7, + (10sin 20 + 3sin 48)7,7,
—2(-2+c0s40)13) +47; (24 4¢0s 20)8°+cos' - Bsin @7, (sinh7, 4/ cos B7)) — 8 cos” O
(O((—4 + cos 26)7, +sin 207, )+ sin 207 — ¢0s 207,)) + (87 cos” @sin (7, cos @ + 7, sin )
274 cos Q=320 sin@ — 4rfsin’ 0 (—5¢0s 0 + cos 30)1 ¢, + 872-cos” Osin 0) + 272
((65in 20 4 t7sin 40 —4cos” H(~3 + 4c0s 20)7,7, i+ 247605 Bsin’ B) + 413 (O(—(~8sin 20
+sin 40)7, +(3+c0s40)7,)+ (~1+.cos40)7, 47, 5in 40)))

(13)
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1
T =—
167;

(cos@+3cos30)r/t, —4r, cos@sin® O(—1+173 ) +1,(sin @ +sin 36 + (sin 6 —
3sin36)7;))(27,0 + 7,) — 2453H sin O(z, cos O+ T3sin O)(7, sin 20 —cos 2607, ) +

477, cos” Osin (7,005 0 +¢, $in d) = 2077, sind(r;¢0s O+, sin 6)(27,0 + 7,)(2(cos” 6

V2 (=8H, 7 (=7, sin 20 + (=2 + cos 20)r, ) + 2b*H, 75 sin O(4z; cos’ Osin & —

+77 cos’ O —1; 8in’ O)7 5t At/ sin 20425+ 5in 200 4 73))7, ) w7, 7, (sin 207 +
(5+c0s20)¢,7, 4 22,) + 257 sin 0(2 cos O(1 +/c0820=7; )& + 2sin O(2 cos” 0 +

(2+75 c0820)é,7) — (F5C0s O+ cosBOYTIT ) + 41T, sinB(sin' @l +,c0820 — 75 )7} +

cos O(3+ (=24 c0s20)73 )77} +sin@2eos’ O + (3 +cos 20) ;5 ) i)+ z5(2H, 77, sin” 26
+2H, 7'z, sin 20((1 3 cos 20)7, + 27, sin 20) + 4H 77 sin §((sin @ + sin 30 <277 sin 39)7,
—(¢os @ +3co830)r; 1)+ 4H, /7, sin O(2cos30(+1+7)7, + (sind +sin 36 + (sin & —
3sin36)7; )3, A 27, (=8sin Oz, (BH_H; sinf+H{ sin  +H, sin@+2H, 6 cos§) +
4cosOH, sin® 07, '+ 4H, 7,7 eesOsin® @ +H, 2((2sin20 —3sin 48)7, +4(—2 cos 26
+c0s40)ty)) =t,(8r (3H, H; sin 20~ H] sin 26 H, sin 26 +2H 0 cos 20) +
(—1+cos49)H, 7= 27, sin20) - 4H, sin> 9rs (14 Bcos 20)¢, —2sin 207, +

2H, 75 (2(3cos 20+ cos 44) ¢ +/(-2sin 26 + 5sin40)#)))) +, (47, cos” Osin O(7, cos O
+7, sin ) + 12((6sin 260+5in 48) 1 +2(54 cos 26 — 2¢os40)7 7, +(10sin 20 -
3sind@); ) + 275 (867 sin 20 A sin’ O sin 20 4(—5/ c0s20)7,,+277sin 20)) + 273
(G(—(#85in 204 sin40)7, # (34608 40)7 )+ (=1 # cos 497, + 7, sin 44)) —

7, (—47pc0s Osin 7 O(z;cos 0+ sin O) w72 (—1 £8 00828+ cos 49) ¢ 4 (=2 sin 20 +
3s5in40)7,7,— 2(4 — 4 ¢0s 20 cos 4T+ 4r, (2 +4<0s 20)0F + 7/sin’ O(47, sin 6+
%, cos)) + 2z, (0@ —10cos26+ cos 40)¢,+8cos Osin’ G4+

4sin’® O(¢, sin 20 — 7,¢0s 20))))

(14)
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1
327;
sin 20(—1+72))(27,0 + 7,) — 24Hr3sin20(7sin 26 — 7, cos 26) + 8 cos’ 0
sin@(1+ 17} )°7,(7, cos @ 7, sin@) #4826+ 7 )z, 75((2 + cos 20)7, +
7, sin 26) - 2b’z,8in 249(2729 +7)(2(cos” O +ticos’ O=1; sin’ O)r, +
(7 sin 26 + 2¢, g+ sin 20(1 +.27))zs Y+ 473008 O2sinOB #0820+ 77 )] +
(7cos @ —3cos36)7 7, #4sin (2 c0s20 + 17 )7} ) wdry sin 20(80° *¢, sin O
(7, sin @— 75 €05 0) )4 A7y(H, sin” 20(1+7] )’ 7, + H,7]7, 'sin’ 204 2H 7, sin 20
(1+27)7,(=¢{ cos26 + 7, sin 26) — 2H 73 c0s O((cos O+ 3c08 30 + 47, cosBsin” O)7,
+2(Fsin O +sin 30)(2+ 7)1y ) — o5 (12H_H, stn 20+ 4sin20(H 2, + Hb)
+H, (80 cos 20+ £,(—7, sin 40.+127, sin” 20)))) + 275 (20(=(£8 sin 26 + sin 46)z, +
(3+cos40)t)) +2sin28(7,7,((=2 +cos 287+ 1, 51n 20) — 27, sin 20 +275,c0520)))
(15)

TS = VZ(16H.7; sin 20— 4b’H, 75 sin 20(~7; sin 20 + 27,7, c0s 20 +

1. = 4175v2 (73(=z, 5in O+7,760s )(r.cos + 7, 8in6)(27,0 47,)* -
2

75 (—7, sin O+ 75.C08 0)(2129 B7)(2H,7y(-7, sSin@ ¢, cos0) +7,(7; sin @

7, cos )+, (£.cos 0 + 7,5in.0)) + 75 (7, cos O 1+ 1, sin @) (2750 ++, )(2H, 7,
(7, cos O+ 1, sind)+ (7, sih @7, cos @)+ 74 (¢/cosf + 7, sin@)) - 7. 2H, 7,
(=7, 81N 0+, cosO)+1, (7, Sin § -7, cos@)=7, (70080 +75std))(2Hgr,
(rycos8-+17,'sin O)+1,(7, SIn @— 75605 O)+75(¢, cos 0 +7, 51 0)) ~

;(rl sin. @7, ¢os 0)(z, Cos Q4 7, sin)I6H 7, 20 Hy 7 (—7} $in 20+

27,7, €05 20 +5in 20(~1+ 7 ))(2129 +7,) +12H-7 (—7, sin 204 7/€6520)
+2c0s O + 1.7, (7¢08 0 + 7, sin@)+27.(147 ) 7,7, (2 # cos20)%, +
7, 5in 20) <b*15(27,0 + £)(2(eos* B+ cos* O=72si” 0)éptiz] sin 26 +
27,7, +sin 2000+ 73 ))d5) + 275 (305 20 =77, + 37,7, sin 260 #(3 -
20820+ 277)22 Y1) (802 +24sinb(7; sin O £,'cos ) + 27, (H, sin 20(1+7)?
¢, +H, 77, sin 20 - 2H, 7l + 7 )7, (7, c0s 20— 7, sin26) — 2H, 75 (sin 20(-3 + 7 )7,
+2¢0520(2+17)t,) 275 (6H H, T2HZT2H, —H,7,(¢, cos 260 — 7, sin 20))) +
27; (—20((—2 + cos 20)t, + 1,51 20) + 1,7,((=2 + cos 20)7, + 7, sin 20) — 27, sin 20
+27, cos 20)))
(16)
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The crucial property of the aether field in our model is that its energy-momentum

tensor depends on the background spacetime and the field parameter €(t), therefore

if the extra dimensions are stabilized with b, 7,,7, =0, its energy-momentum tensor

dose not vanish but remains:

Too :_%vzéz
(17)
P o) L 0
V3o’
7/=— 3 (+27,stn26+(1++ 2 cos20)7,) (19)
2
S .
IRNG \ (27, sin20+(1=2c0820)7,) (20)
2
3 Vzgz vn 2 ok
T = ——= (=7, sin20 277, 08204 7, sin 20)
TZ
@1)
2 )2/
T, = v°O7'sin 260 (22)
%2

and the equation of metionyEq.(9) reduces to/the form:
6. =<3a’H 0 (23)

After the! extra-dimensions-are, stabilized; if the’Hubble parameter H, is constant in

time thenthe scale factor a(t)ec e™* Therefore; the solution for/Eq..(23) are

90 _| 3971 _3aa, (24)
ot)
and
0‘(t>=exp[—§a2] (25)

These, important results show that the aether field in our background
contributes to the energy density and it decays\with an exponential rate. Therefore, it

will contribute to the effective-potential generically.

Interaction of the aether on scalar field
We now consider the effect of the aether coupled to real massive scalar

field. The simplest Lagrangian is
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2 1 5, | .
L, == (04) =S m*¢" —— 5 u'u"0,40,4, (26)

1
2 Ly
this imposes a Z, symmetry, U — —u® because if we have not imposed it the lowest

order coupling is —,u;luaéa¢ - —y;l(éaua)¢ by integration by parts, which vanishes

in our background’solution foru®. The equation of motion for this Lagrangian is

0,029 =M= 71" 05(Uu0, )" (27)

Expanding the¢ ‘scalar field in Fourier; modes, we, ebtain the modified dispersion

relation;
2 |T|2 525 LY
kk#=m"+—anic—nny+—5—n+
b7z, bz, b7z,
3. 7L 7y$in20- 7,)cos’ @ —rleos’ G sin20 27, sin"0 sin’ 6,
a¢[( 2 2 + > - 2 )nl +( b /7 2 )n]n2+2kn2]
bz, b b bz, b bz, bz,

(28)
where the dimensionless parameter o, =V s the ratio /of the acther vey to the

coupling ;. Momentum of)the scalar field aleng the compactified extra dimension
will be quantized-as K.=n.andk, =n, in’our /spacetime geometry. Eq. (28) suggests

that the"mass gap between the different-states in/the. KK tower jis enhanced by the
interaction ‘with the dether field cand " the ~distortion ~of the extra dimensions

parametrized by.b, 7,47, Themass also’depends crucially, on the angle parameter & .

Conclusiens
We have shown that the dispersionrelation’of thesealar field is modified

by the presence’of the Lorentz-violating-aether-field and.the shape moduli. In our

spacetime geometryy aether ficldrotates in-extra dimensions with parameter 4(t) but

the solution shows"that it'has an exponential\decay. This“implies that aether should
rotate with a decreasing rate_and could finally be-fixed in its own parameter space

with constant 4(t).

In the future work we will consider the aether field and Casimir energy of
certain combination of massless and massive fields in the same background

spacetime. We hope that the acther field together with the Casimir energy should be
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able to stabilize the extra dimensions of our universe in the matter dominating era.
Once the extra dimensions are stabilized, it is possible to interpret the Casimir energy
as the dark energy which is driving the accelerated expansion of the universe in the

current epoch.

Bibliography

Burikham/P.,.Chatrabhuti’A., PatcharamaneepakornP & Pimsamarn K.(2008).
Dark-enefgy and modulistabilization of extradimensions_in
M'" xT 7 spacetime, JHEP-0807(2008).
Carroll S. M. & Tam H. (2008). Aether compactification. Phy, Rev. D78(2008)
Chatrabhuti A:, Patcharamaneepakorn P..& Wongjun P:(2009). Aether field,
Casimir, energy and stabilization of the extra dimension:; JHEP.0908(2009)
B.R. Greene &.J. Levin. (2007)-Datk energy and stabilization of 'extra dimensions.
JHEP.Q711(2007).

Y i
MydszauauonaUITes AT UNAANYKIIA ATIN 17
9 v

HAEMIFUNUIFINIINOIHEUNT NUITOGENBY ATIN 5





