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Inflationary cosmology with five dimensional SO(10)
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We discuss inflationary cosmology in a five dimensioBa)(10) model compactified oi$Y/(Z,x Z5),
which yields SU(3).XSU(2), XU(1)yxU(1)x below the compactification scale. The gauge symmetry
SU(5)X U(1)y is preserved on one of the fixed points, while “flippe8U(5)’ X U(1)y is on the other fixed
point. Inflation is associated with (1)y breaking, and is implemented througkterm scalar potentials on the
two fixed points. A brane-localized Einstein-Hilbert term allows both branes to have positive tensions during
inflation. The scale of) (1) breaking is fixed from5T/T measurements to be around4GeV, and the scalar
spectral indexn=0.98-0.99. The inflaton field decays into right-handed neutrinos whose subsequent out of
equilibrium decay yields the observed baryon asymmetry via leptogenesis.
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[. INTRODUCTION found to be essentially negligible. In &0(10) model with
the subgroupH given above, the inflaton decays into the
In a recent papefl], we showed how supersymmetric MSSM singlet(right-handed neutrinos, whose out of equi-
(SUSY) inflation can be realized in five dimensiondD) librium decay leads to the observed baryon asymmetry via
models in which the fifth dimension is compactified on theleptogenesi$8,9]. As we will see, this is also the case even
orbifold S'/(Z,x Z5). Orbifold symmetry breaking in higher with a different subgrougH of SO(10). Baryogenesis via
dimensional grand unified theorié§UTs) have recently at- leptogenesis appears to be a rather generic feature of 5D
tracted a great deal of attention because of the apparent eaS€(10) based inflationary models considered here.
with which they can circumvent two particularly pressing Although our considerations are quite general, in this pa-
problems encountered in four dimensioféD) SUSY GUTs  per we focus on an example based®@(10) with subgroup
[2]: namely, the doublet-tripletDT) splitting problem and SU(3).x SU(2), XxU(1)yXU(1)x obtained fromS/(Z,
the problem caused by dimension five nucleon decay. The Z;) orbifolding. The standar@U(5) X U(1)y is preserved
apparent reluctance of the proton decay, as shown by then one brane, while “flipped’SU(5)’ X U(1)y is on the
recent lower limits on its lifetim¢3], seems to be in broad other brane. All massless modes from the chiral component
disagreement with the predicted rates from dimension fivef the 5D vector multiplet can be easily superheavy by in-
processes in minimal SUSSU(5) andSQ(10) models. The  troducing Higgs fields in the bulk. Inflation is associated
existence of the orbifold dimension makes it possible towith the breaking ofU(1)y, followed by its decay into
implement DT splitting and simultaneously suppreé®  right-handed neutrinos, which subsequently generate a pri-
even eliminatg dimension five proton decay. mordial lepton asymmetry. The gravitino constraint on the
The inflationary scenario described in Rgi] was in-  reheat temperatufed.0] imposes important constraints on the
spired by the above particle physics considerations and hafasses of the right-handed neutrinos which can be folded
some novel features. The primordial densitgmperature  together with the information now available from the oscil-
fluctuations are proportional tdM/M pjanc) 2, along the lines  |ation experiment$11].
of the 4D model proposed in Rg#]. HereM refers to the As emphasized in Ref1], implementation in five dimen-
scale of some symmetry breaking that is associated with insions of the inflationary scenario considered in Rél.re-
flation, and Mppnq=1.2¢<10"° GeV denotes the Planck quires some care. Note that the five dimensional setup is the
scale. In ar5O(10) model, for example, the orbifold break- appropriate one because of the proximity of the scale of in-
ing can be used to vyield the subgroud=SU(4). flation and the compactification scaleoth are of order
X SU(2). X SU(2)R [5], so that inflation is associated with Mg 7). The inflaton potential must be localized on the orbi-
the breaking ofH to the minimal SUSY standard model fold fixed points(brane$, since a superpotential in the bulk
(MSSM) gauge groud6,1]. The anisotropy measurements is not allowed. For a vanishing bulk cosmological constant, a
[7] can provide a determination &f independently of any three space inflationary solution triggered by nonzero brane
particle physics considerationdl turns out to be quite close tensions(or vacuum energigsexists[1]. However, 5D Ein-
(or equal to the SUSY GUT scale of around 0GeV. Last  stein equations often require that the signs of the brane ten-
but not least, the scalar spectral index of density fluctuationsions on the two branes are opposite, which is undesirable.
is very close to unity 1=0.98-0.99) [6,1]. The gravita- As shown in Ref[1], this problem can be circumvented by
tional wave contribution to the quadrupole anisotropy isintroducing a brane-localized Einstein-Hilbert term in the ac-
tion. The two brane tensions are both positive during infla-
tion, and they vanish when it ends.
*Electronic address: bkyae@bartol.udel.edu The plan of our paper is as follows. In Sec. Il, we review
"Electronic address: shafi@bxclu.bartol.udel.edu cosmology in a five dimensional setting, and discuss in par-
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ticular the transition from an inflationary to the radiation _ B’ g\ 1| B a pBa
dominated epoch. In Sec. Ill, we discuss the orbifold break- G}zs[(— + —) }— —|27 25+4— a
ing of SO(10) to SU(3),x SU(2), X U(1)yx U(1)y. Sec- Bl \PB B B
tion IV summarizes the salient features of the inflationary SN2 2 2

. . : B a M;
scenario and subsequent leptogenesis. Our conclusions are 1= £ 2 |= E Sy—VY)— —
summarized in Sec. V. B a =T M3 B2

. . 2 2
sl -
X|2=4+2—+4———| = =1, 4
Il. 5D COSMOLOGY B a Ba B a @)
We consider 5D space-timeM=(x*y), x=0,1,2,3, g\2 33 a pa |a
compactified on anS'/Z, orbifold, and the supergravity G§=6[(E) }——2 E+5 BE 5+ al b
(SUGRA) action is typically given by ®)
Ye VE oy—yi) Gos=—3 ('B—I) (6)
szfd“xf dye —>Rg+ Lg+ > ——— B
~Ye 2 =l e

where primes and dots respectively denote derivatives with
respect toy andt, and the terms accompanied by delta func-
, (1)  tions arise from the brane-localized Einstein-Hilbert terms.
Let us first discuss inflation under this setup. Since 5D
N=1 SUSY does not allow a superpotentiahd the corre-
o spondingF-term scalar potentiglin the bulk, we introduce
whereRs (R,) stands for the 5 dimensionét dimensiongl  the inflaton scalar potential¥/, ;;(¢#) (=0) on the two
Einstein-Hilbert term,Cg (£,, £;) denotes some unspeci- branes where only 4DN=1 SUSY is preservefil,14]. The
fied bulk (brane contributions to the full Lagrangian, and energy-momentum tensor during inflation is given by
y,=0, vy, =Y. indicate the brane positions. The brane scalar

2
— R+ L

X
2

curvature tern§4(gﬂv) is defined through the induced met- -|-8:-|-;: - 8(y) i — 5(y_yc)ﬂ (7)
JEN— 3 31

fic, 0,,(X)=0,,(x,y=0) (u,»=01,23). The brane- 5 M3

localized Einstein-Hilbert termisn Eq. (1) are allowed also 5

in SUGRA, but should, of course, be accompanied by brane T5=0, ®)

gravitino kinetic terms as well as other terms, as spelled oUWl herei =
in the off-shell SUGRA formalismi13]. Here we assume that branes ay=0 (B1) andy=y, (B2), respectively. They are

the bulk cosmologlca_l constan_t IS Z€r0. . suitably chosen to provide a large enough number of
For the cosmological solution let us take the following g fqgings to resolve the horizon and flatness problems. The
metric ansatz, end of inflation is marked by the breaking of the “slow roll”
conditions, and the inflaton rolls quickly to the true suep-
ersymmetric vacuum with flat 4D space-time. Thus, for the
ds?=B2(t,y)[ —dt®+a2(t)dx?]+dy?, (2) inflationary epoch it is sufficient to consider only scalar po-
tentials in the energy-momentum tensor. We will discuss
more general cases later.
which shows that the three dimensional space is homoge- The exact inflationary solution ]
neous and isotropic. The nonvanishing components of the 5D

1,2,3, andV,, V,, are the scalar potentials on the

Einstein tensor derived from E¢l) are B(Y)=Holy|+c, C)
a(t)=eMot, (10)
" ’ 2
Go=3 ﬂ_ n :3_ ? _ i E a whereHg (>0) is the Hubble constant during inflation. The
0 B B gl\B a integration constant in Eq. (9) can be normalized to unity

without loss of generality. The introduction of the brane-

MZ 3B a localized Einstein-Hilbert terms do not affect the bulk solu-
- oYy —=Yi)—3— E+ al | (3 tions, Egs.(9) and(10), but they modify the boundary con-
= Ms 8 ditions. The solutionB(y) should satisfy the following
boundary conditions at=0 andy=y.,
The importance of the brane-localized 4D Einstein-Hilbert term, V, 1 |\/||2
especially for generating 4D gravity in a higher dimensional non- —5=—Ho+ > —3H3, (11
compact flat space was first noted in Rgf2]. 6M3 M3
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Vv, Ho 1M%  H2 —p 0 0 0 T%
(12 TMN:W 0O 0O p O O], (15
5\ 0 0 0 p
Thus,H, andy, are determined by, andV,, . Note that the T% 0 0 0 Pg

brane cosmological constaniscalar potentialsV, andV;,

are related to the Hubble constarp. While the nonzero wherep andp are contributed by bulk and brane matter,
brane cosmological constants are responsible for inflating the

3-space, their subsequent vanishing restores SUSY and guar- 1

antees the flat 4D space-time. Singg must be zero when p= 2—p3+. E S(Y=VY,)pi, (16)
V,=0, it is natural that the scalar field controlling the end of Yoo o 0=t

inflation is introduced in the bulk. With SUSY broken at low

energies, the minima of the inflaton potentials on both branes 1

should be fine-tuned to zefd5,16). p= 2_prB+2yci ;“ S(Yy=yi)pi- (17)

From Eqgs(11) and(12) we note that in the absence of the
brane-localized Einstein-Hilbert term &t&=0, the inflaton
potentials(brane cosmological constantg, andV,, should
have opposite signs. However, a suitably large value o
M, /Mg [17] can flip the sign ofV, [1], so that bothv, and
V, are positive. Thus, a brane-localized Einstein-Hilbert
term aty=0 seems essential for succesdfalerm inflation
in the 5D SUSY framework. Its introduction does not con-
flict with any symmetry, and in Refl] a simple model for
realizing a large ratioV, /M5 was proposed.

Note that in Eq.(15) the nonzero off-diagonal components,

O [=(—1/8)Tys] andT®, (=Tye) are considered. In Egs.
16) and (17), we normalizepg and pg with the circumfer-
ence of the extra dimension, so their components have the
same mass dimension as their brane counterparts. With Egs.
(3)-(6) and (15), the 5D “Friedmann-like” equations are
readily written,

2 .

1/27 ; H 1 3
. The 4D reduced Planck mags (M piancd8) 2] is given 3PB:_2[ B +ZEH+(H2—h2)},
y 2y.M3 pgL\B B
(18)
Ye
M2=MZ|  dyBZ+M2+M? 1 2
Py, L —pi=| 3—5H?—6h]|, (19
MS 5
3 2 2,,2 2 2
:M5yc §H0yc+2H0yc+2 +M|+M”, (13) ) o )
i = ﬂi[ E +2EH+H2 +6£
M M g2l Bl OB Bl
while the 4D effective cosmological constant is calculated to y=Ye (20)
be
Ye B’ B'\? 3pB:__2[2E_ B +4EH+2H+3(H —h?)|,
Agi= | dyp* M3[4(—)+6(—H 2y.Ms B
L yB*| M3 8 8 (22)
+5(Y)V|+5(y_yC)Vu] 1 MZ )
—Ppi=—| —5(2H+3H%)—6h|, (22
M5 M5
2 3 2 2,,2 2 2
=3H§| My, §Hoyc+2Hoyc+2 +M7+Mj . ) L,
1 Mi 1 [ B (B B . . }
—pi=—1—=—|25—-|5| +45H+2H+3H?
YEi& [Mg "B \B B
=3H3M3, (14)
+GE] , (23
which vanishes whelW,=V, =0. Y=Yc
After inflation, the inflaton decays into brane afsibse-
quently bulk fields, which reheat the whole 5 dimensional ¢ 3B ,3 _
universe. To quantify the inflaton and radiati¢or mattey ~ ———Pg=——|—+3_H+H+2(H*~h?%)|, (24)
dominated epochs, we use the fluid approximation, YcMs pgLE B
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h 3 terms. If only the inflaton potentials on the bran¥s(¢)
— = Tos= —3sgny) E_ E E (25 andV,,(¢) are dominant in Eq(32), one can check that the
2y Mg solutions reduce to Eqs(9) and (10), namely, H=h

=constant EH,). The inflaton decay producdgyy -
We have tacitly assumed that the interval separating the
a two branegorbifold fixed point$ remains fixed during infla-
H(t)=—, (26) tion. The dynamics of the orbifold fixed points, unlike
a the D-brane cas¢l9], is governed only by theysg(X,y)
B(ty)=h(D)]y|+1. @7 fr?;nfr:)i?aelnfte?;;tgswmeErnicstgnsor._The re_al fietds Bs, gnd
5R gravity multiplet are assigned

For M,;>Mg,M,;, andH>h, the brane matter contribution €ven parity undeZ, [13], and they compose a4=1 chiral
from B1 is dominant, and Eq$18)—(25) reduce to the ap- Multiplet on the branes. The associated superfield can ac-

Here sgny)=1 (—1) for y>0 (<0), and

proximate 4D Friedmann equations, quire a superheavy mass and its scalar component can de-
velop a vacuum expectation val(¢EV) on the brane. With
a\? 1 superheavy brane-localized mass terms, the low-lying
2 3M P (28)  Kaluza-Klein(KK) mass spectrum is shifted so that even the

lightest mode obtains a compactification scale ma3.

. Since this mass is much greater thagthe interval distance
a_ __( +3p)). (29) is stable even during inflation. This stabilization of the inter-
a 6Mm? ISP val distance in turn leads to the stabilization of the warp

factor B(y). This is because the fluctuatio®3(y) of the

Equationg18)—(25) satisfy the energy-momentum conserva-warp factor near the solution in E() turns out to be pro-

tion law, Vy TN =0 whoseN=0 andN=5 components are portional to the interval length variatiofgss from the lin-

(18] earized 5D Einstein equatid21].

So far we have discussed or}/Z, orbifold compacti-

. B 5 B’ s fication. The results can be directly extended S¥(Z,
pt3 E+H (ptp)=T 0+4gT 0 X Z5). Within the framework discussed in this section, we
can accommodate any promising 4D SUSY inflationary
B’ model. We consider one particular model below which
— 3 ’ =
=2yM 5{G05+4 B Gos| B9 comes from compactifying Q(10) on anS'/(Z,X Z)).
+ %(4p5_3p+p) I, SU (3):XSU(2), XU(1)yXU(1)x MODEL
] We consider theN=2 (in the 4D senseSUSY SO(10)
. B model in 5D space-time, where the 5th dimension is com-
=—T%—|4=+3H|T° &
5 B 5 pactified on anS'/(Z,xZ2}). Z, reflectsy——y, and Z}
) reflectsy’ — —y’, withy’ =y+y./2. There are two indepen-
B 3 1. B dent orbifold fixed pointgbrane$ aty=0 andy=y./2. The
_2y0M5E Gos+ 2E+3H Gos| - (32) SY(z,% Z5) orbifold compactification is exploited to yield

N=1 SUSY as well as breaBO(10) to some suitable sub-
The inflaton contributes to the energy momentum tensor, Ecgroup.
(15), LénderSU(5)>< U(1)x, the SO(10) generators are split
. into
Tun=TI+Th (32)
240+1, 10_,

1_04 ﬂo_loLomo’

WhereT'nf denotes the contributions to the energy momen-

(34)
tum tensor from the inflator(t,y),

Tso10)=

T'”f = 1 3M¢aN¢ QMNt? ¢5P¢+ E S(y—v,) where the subscripts labeling ti8J(5) representations in-
dicate U(1)y charges, and the subscript “¥@0” denotes
the matrix dimension. Alsd4(=24) corresponds t& U(5)
X O 6y

1
&M¢&V¢_gﬂv(iax¢ak¢+vi(¢)):li

(33 2TheSO(2n) generators are represented §5¢ 575), whereA,

B, C arenx n antisymmetric matrices anflis annx n symmetric
and Ty is assumed to have the same form as@&). The  matrix [22]. By a unitary transformation, the generators are given
conservatlon lanwMTI =0 gives rise to the scalar field by (A7}S %), whereA and S denoteU(n) generators, an@
equation in the presence of both the brane and bulk kinetie-iB transform asi(n—1)/2 andn(n—1)/2 underSu(n).
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generators while diadts, — 1sy5) is theU(1)y generator. TABLE I. U(1)g charges of the vector and hypermultiplets.
The 5X5 matrices24, and 10_, are further decomposed .
underSU(3),x SU(2), X U(1)y as U(1)r Vv, X H, H
=N 1 d)c
_ ( @Dot (Lo (32) s ) a5 i \1 s
G5 (13— (110 | 0 A ®, As ¢
-1/2 A2 W
3,1)_ (3,2)y
104:<( )23 1/6 . (36) B o
B2y LD/ _, (—+) parities can compose a secoridistinct set of

SU(5)' xU(1)y gauge multiplets. In th&U(5) generator
Thus, each representation carries two independéftt) at Bl 24 [=B1 " +(13) " +(L1) " +(32) "z
charges. Note that the tw@,2) es in 10_, are identified. " = L 4;: [ 3(5’39 (d, ?2 +,( Lo (I ' )85’2
Consider the two independer$ andZ; group elements, (3.2)56 ], the (3,2) g5 an .( s ar.e replaced Dy
(3,2)1¢ and(3,2)_ s at B2 which belong irl0_, and 10,

PEdiaQ|3X3, |2><2,_|3><3,_|2><2), (37) reSpeCtlve|y OfSU(S)X U(l)x,

P'=diag —lsxs, lax2, laxs,—l2x2), - 24=(8,1 T+ @3¢+ LD T+ B.2ye

i i . +(3,2)_7, B2, 4
which satisfy P?=P’2=15,5. Under the operations (3.2)-y at (40)

-1 ’ -1 ;
PTsougP * and P'TseupP 5 the matrix elements of \yhere the assigned hypercharges coincide with those given

Tsag) transform as in “flipped” SU(5)’' X U(1) [24]. The U(1)} generator at
i maa - B2 is defined as
BT 325 Bz (Bu
(B2es W3 (B2ys (LD diag 13x3, — Lox2, —1gx3,1ox2)- (41)
P — _ + + + — 4 — il
Gls B2y Blo (326 Thus, theU (1) charges of the surviving elements at B2 turn
(3_2)—+ L7 @3 E)+— (1,37 " out to be zero, while the other components are assigned
1<) —1/6 ! 1 1<) —5/6 /0 10X 10 ’ . .
(39) —4 or 4. TheU(1)y generator and the matrix elements with

(++), (—+) parities in Eq{(39) can be block-diagonalized
where the superscripts of the matrix elements indicate thé the form in Eq.(34) through the unitary transformation
eigenvalues of th® andP’ operations. Here we omitted the

two U(1) generator§(1,1); *s] to avoid too much clutter. lsxs O 0 0

As shown in Eqs(34) and (35), they should appear in the 0 0 P

diagonal part of the matrix39). The eigenvalues d? and U= . (42
P’ are the imposed paritigsr boundary conditionsof fields 0 0 Isxz3 O

in the adjoint representations. The wave function of a field 0 I, O 0

with parity (+ —), for instance, must vanish on the brane at 1ox10

y=Y. /2, and only fields assigned+(+) parities contain
massless modes in their KK spectrum.

An N=2 gauge multiplet consists of &= 1 vector mul-
tiplet [V®= (A3 ,\'®)] and anN=1 chiral multiplet[X®
:((cI>a+|A§‘)(\/§,)\2_a)]. In order to brealN=2 SUSY t0 5 vectorlike pairs S@nti, 2@nrs and X,
N=1, opposite parities must be assigned to the vector an . o s L
the chiral multiplets in the same representation. The paritieg(lvl)fl+ contain massless modes. Although the nonvanishing
of N=1 vector multiplets coincide with the parities of the chiral multiplets at Bl areXio , (=X@y+s + 230
Cianed eigenvalles in E439), only the gauge mutiplers o i) 39 ¥ (et Zantt2an),
asgsociateg witti8, 1) *, (1,3)¢ ", a)rlwd two?l, 1£)J§ . thi)ch 22y, and2eaty, z';lre re'placed b¥ a7z, and2 @) s
correspond to thesU(3) X SU(2), X U(1)yX U(1)x gen- at B2 that are contained B4 and Xz, at B1. Together
erators, contain massless modes. Therefore, at low energy téth the vectorlike pairs containing massless modes, they
theory is effectively described by eD4N=1 supersymmet- composel0_,- and 10, -plets of SU(5)’ X U(1)x,
ric theory withSU(3).XSU(2) XU (1)yXU(1)x.

As seen in Eq(39), all of the gauge multiplets associated 210’,4:2@1)i2+,3+2(3,5Z;6+2(1,1)f1+’ (43
with the diagonal componen®&,, 1, in Eq. (34) survive at
B1l. Thus, on B1SU(5)XU(1)x is preserved23]. On the
other hand, in Eq.(39), the elements with {+) and

We conclude that the gauge multiplets surviving at B2 are
associated with a secoritflipped” ) SU(5)’ X U(1)y em-
bedded inSO(10) [24].

With opposite parities assigned to the chiral multiplets,

21_04,1:2(3'1);/;+2(§’2)57lg+2(1‘1)1r+ at B2. (44)
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TABLE II. U(1)’, U(1)g, U(1)pq charges and matter parities of the superfields.

Fields S Ny N 10 10 1 5 10
x() 0 5 -5 -4 4 5 -3 1
R 1 0 0 0 0 1/2 1/2 1/2
PQ 0 0 0 0 0 0 -1 -1/2
zy + + + - - - - -
Fields h{" h{" hY hy) S, S, 51 52
N -2 -2 2 2 0 0 0 0
R 0 1 0 1 1/2 1/2 0 0
PQ 1 1 3/2 3/2 -1 —3/2 1 3/2
zy + - + - + + + +
Now let us discuss theN=2 (bulk) hypermultiplet To construct a realistic model, which includes inflation,

H[=(d,¢)], HI=(¢%¢°)] in the vector representations based orSU(3).X SU(2), XU(1)y*xXU(1)x, we introduce
10, 10F (=10) of SO(10), whereH andH® areN=1 chiral ~ aU(1)pq axion symmetry and “matter” parityZ5' [6]. For
multiplets. Under SU(5)XU(1)x and SU(3).XSU(2), simplicity, let us assume that the MSSM matter superfields as

xXU(1)y, 10 and 10° are well as the right-handed neutrinos are brane fields residing at

L B1.2 They belong inlQ , 5;, and1; of SU(5), wherei is the

B s family index. Their assignedJ(1)yx, U(1)g and U(1)pq

5, 1,2, charges and matter parities appear in Table II.
10:( — )— — | We introduce two pairs of hypermultipletﬁﬂo,HiOc)
52 (3’21/3 and H1o,Hig) [:(Hlo,lijoc)] in the bulk. The twaSU(5)
1,2~y Higgs multipletsh, andh; (5 and5) arise fromH,, and
H1, and theirU(1)g charges are chosen to be zero. As
(D3 discussed above, thé=2 superpartnersi, and H7; also
5°, 1,29 1, provide superfield$, andh, with 5() and5(") representa-
100°=|— |=| — . |, (45)  tions at B1(B2). However, theirU(1)g charges are unity
( 5C2) (30, 1)t1/3

unlike hy andﬁl. To make them superheavy we can intro-

(1,297, duce another pair db and 5 with zeroU(1)g charges and
— matter parities on the brane.

where the subscripts 2 areU(1)y charges and the remain- The superpotential at B1, neglecting the superheavy par-
ing subscripts indicate the hyperchargésThe superscripts ticles’ contributions except for the inflatons, is given by
on the matrix elements denote the eigenvalues ofPtlzad
P’ operations. As in theN=2 vector multiplet, opposite — o1 — , 02 e
parities must be assigned farandH® to breakN=2 SUSY W= S(NyNy—M?)+ M_P2122h1h1+ M_P21222122
to N=1. The massless modes are contained in the two dou-

blets (1,2)}; and (1,295} [=(1,2)}; 1. While the surviv- +y(1010h, +y{"105h; +y{'1,5h;
ing representations at B1(3,1) ;5 and (1,2);, [also y(m
(3%,1)7 15 and (1,29;,7] compose two5_, (or 5°_,) of +|\'/+P1i1jNHNH, (47)

SU(5)xXU(1)x, at B2 the nonvanishing representations are

two 5; of SU(5)" X U(1)x. whereS Ny, Ny, 31, andglyz are singlet fields. Their

- = _ — assigned quantum numbers appear in Table II. WHil,, ,
[ + ++ C + c\+ + as .
5=B Dz + (L1 [0r (3 D)y T (1232 ] &t I(3426) Ny, andh;, h; are bulk fields, the rest are brane fields

In this model, theSU(2) R symmetry which generally | _ B )
exists inN=2 supersymmetric theories is explicitly broken If the first two quark and lepton families reside on B2 where
to U(1)g. SinceN=1 SUSY is present on both branes SU(5)' X U(1)y is preserved, undesirable mass relations between
U(1)s symmetry should be respected. We note that differe,n he down-type quarks and the charged leptons do not arise. Mixings

1 h b . dH dH® h etween the first two and the third families can be generated by
U(1)r charges can be assigne Q_, an 105, as shown introducing bulk superheavy hypermultiplets in the spinor represen-

in Table 1[25]. tations ofSO(10) [26].
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residing on BLNy,, Ny, should be embedded 6., 16, [8,9]. The production of the right-handed neutrinos and

and the other components 16, , 16, could be made heavy src1ecuE|rEs proceeds  via _the supéarpptgiltlal couplings
by pairing them with proper brane fields. From E47), itis i *iNuNu and SNyNy on B1, wherevy; (i,j=1,2,3) de-
straightforward to show that the SUSY vacuum correspond§°te theUS;J(S) hsmglet (_rr|gl?t-handed r:el;trtlr?t)sc;arrylng _
0 (S=0. while Ny, and N,, develop VEVs of orden. 012610 (1)x charges. Taking account of the atmospheric

A= and solar neutrino oscillation daftal], and assuming a hier-
[After SUSY breaking in the manner &f=1 SUGRA,(S) . . ’ y g
acquires a VEV of ordem,, (gravitino mask] They break archical pattern of neutrino massésoth left- and right

handed ones it turns out that the inflaton decays into the
SU(3).XSU(2)  XxU(1)yXxU(1)x to the MSSM gauge | : oo .
group, and make the massless mode§,15_4 (=105) and lightest (the first family right handed neutring1,30]. The

. discussion proceeds along the lines discussed in [Réf,

215, (=10g) superheavy[26]. From the last term in Eq. where it was shown that a baryon asymmetry of the desired

(47), the VEV of Ny, also provides masses to the right- magnitude is readily obtained. N

handed Majorana neutrinos. The 5D inflationary solution requires positive vacuum en-
5 f th f th ft terd as. ergies on both brgnes B1 and @]Z]. While inflation could
because of the presence ol the SoTt lerlg, and 2, 5, be driven by the first two terms in E¢47) at B1, an appro-

which carryU(1)pq charges, can obtain intermediate scale,jate scalar potential on B2 is also necessary. Since the

VEVs of orderms,Mp. They lead to g term of ordemg,  houndary conditions in Eq$11) and(12) requireA; andA,

in MSSM as desired27,28. Of course, the presence of to simultaneously vanish, it is natural fito be a bulk field.

U(1)pq also resolves the stror@P problem[29]. The VEVs ofS on the two branes can be adjusted such that
The Higgs fieldsh, andh; contain color triplets as well the boundary conditions are satisfied. As a simple example,

as weak doublets. Since the tripletstip and h; are just consider the following superpotential at B2,
superheavy KK modes, a small coefficiept-¢ TeV) accom-

panyingh;h; more than adequately suppresses dimension 5

operators that induce proton decay. Proton decay can still — . , . .
proceed via superheavy gauge bosons with massesy, whereZ andZ are SQO(10) singlet superfields with opposite

13436 U(1)g charges. Thus, only the gauge symmaettyl)y on
and are adequately suppresseg 16° yrl- B1 is broken during inflation.

Wgo=k,S(ZZ— M2), (48)

IV. INFLATION AND LEPTOGENESIS V. CONCLUSION

The first two terms in the superpotenti@?) are ideally
suited for realizing an inflationary scenario along the line
described in Refs[1,4,6. We will not provide any details
except to note that the breaking 0Of(1)y takes place near
the end of inflation which can lead to the appearance o

cosmic strings. Since the symmetry breaking scale @)y . " . '
. : . . We have discussed the transition from the inflationary to the
is determined from inflation to be close to'#@eV [4], the radiation dominated phase, and provided a realigtic 5D

cosmic strings are superheavy and therefore not so desirab&JSY SO(10) model in which the compactification on an

(because of potential conflict with the receft/T measure- Sll(ZZXZQ) orbifold leads to the gauge symmetBU(3),

ments. They can be simply avoided by following the strat- L2 . )
egy outlined in Ref[6], in which suitable nonrenormalizable XSU(.Z)'-X U(1)yXU(1)x. Inlation is associated with the
breaking of the gauge symmetity(1)y, at a scale very

terms are added to E¢47), such thatJ (1) is broken along o L

the inflationary trajectory and the strings are inflated awa close toMgyr. Baryogenesis via leptogenesis is very natural
Remarkably, the salient features of the inflationary scenari this approach, ar_ld _the scalz_;lr _spectral index
are not affected by the addition of such higher order terms_ 0‘98_.0'99‘ The grawtatlonal_contr|tztit|on to the quadru-
For k somewhat smallgilargep than 10 3, n varies between pole anisotropy is found to be tiny<(10"").

s Inspired by recent attempts to construct realistic 5D
SUSY GUT models, we have presented a realistic inflation-
ary scenario in this setting, along the lines proposed in Ref.
1]. Inflation is implemented througk-term scalar potentials

n the two branes, which is allowed by 5D Einstein gravity.

0.98 and 0.99.
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