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Planck scale effect in a supersymmetric Es model
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Abstract. We propose a Supersymmetric E¢  model with intermediate Left-right
symmetry as a result of spontaneous compactification of Eg theory in a ten dimensional
space. We show that much lower value of Left-right symmetry breaking scale and
consistent unification scale can be achieved by gravity induced correction mediated by
spontaneous compactification of higher dimensions at the Planck scale. In the model we
could successfully lower the intermediate Left-right symmetry breaking scale Mg up to
10" GeV. With such a lower value of Mg, we can easily accommodate low scale
leptogenesis specifically the resonant leptogenesis in tune with gravitino constraint. The
model can also predict desired value of neutrino mass that can be tested at LHC.
Keywords:  Exceptional groups, Renormalization group equation,
Supersymmetry.
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1. Introduction

The Exceptional group Eg [1] offers a best challenge of unification with
several desirable features like, a natural anomaly-free choice for a Grand
Unification Theory (GUT), and presence of a single representation {27} covering
the matter and Higgs sectors. The fundamental representation allows an entire
generation of standard model fermions, a right handed neutrino and two Higgs
doublet. The model based on Eg also keeps most of the nice features of the well
known GUT groups like SU(5), SU(6) and SO(10). Further its Super-symmetric
(SUSY) version is inspired by ten dimensional Eg®E's string theory [2], which is
a paramount candidate for the unification of all fundamental gauge interactions
including gravity. Since compactification of this Eg®E’s string theory on a
Calabi—Yau manifold with an SU(3) holonomy results in the breaking of Eg to Eg,
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it inspires the current interests in E¢ GUT and to examine the spontaneous
compactification effect in the model. It is needless to mention that Eg is the only
exceptional Lie group that has complex representations and therefore the only
exceptional group that can be used as a GUT in effective four dimensions. In the
present paper, we shall investigate the spontaneous compactification effect in a
supersymmetric Es gauge model as it is the most viable candidate in the effective
four dimension. It has been shown by many authors that presence of non-
renormalisable five dimensional operators, originating from compactification of
extra dimension, can modify the usual prediction of GUTSs in case of SU(5) [3]
and SO(10) [4] and Eg models [5]. In the present case, we show that a low scale
Left-right symmetry breaking scale can be obtained through this non-
renormalisable operators induced by gravitational correction. This observation
can then be correlated with the well-known cosmological problem of matter-
antimatter asymmetry through the possibility of Leptogenesis [6] consistent with
the gravitino constraint [7]. In tune with the above requirements, the present
paper, with low Left-right symmetry breaking scale, can have a nice
phenomenological implication. The paper is organized as follows. In the next
section, we discuss the model along with the pattern of symmetry breaking.
Section-IIl is devoted to obtain the mass scales at different stages through the
Renormalization Group calculations including one-loop beta function and gravity
induced correction. We shall then conclude in the last section with a remark on
the possibility of a light neutrino.

2.  The Model

In the present model, we take an Eg¢ gauge theory coupled with N = 1 SUSY
in four dimension. This E¢ gauge model may be viewed as a remnant of
supersymmetric Eg group in a ten dimensional theory with compact six
dimensional coset space ( G»/SU(3) ). It has been shown in [8] that, as a result of
Coset Space Dimensional Reduction one can obtain a Eg model with Higgs
{27+27+650}. We may note here that, in the conventional superstring inspired Eg
models, the Higgs sector is confined to only 27+27. In the present case, the
additional Higgs belonging to {650} representation of Eg allows non-
renormalisable five dimensional operators F,, ¢ss0)F*" that can induce
gravitational correction for the gauge couplings, which can drastically modify the
usual GUT predictions. This operator may be an effect of quantum gravity at the
Planck scale.
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We now consider the symmetry breaking pattern from E¢ to low energy as
given by,

Ec®SUSY
Y, SU2),®5U(2)g ®SU3)c®U(1)5_; ®U(1)w(Gaz311) ® SUSY

M

—5 SU(2), ®SU(3)®U(1),®U(1), (Gzsu1) ® SUSY
M
—5 SU(2); ®SU(3)c®U(1)y (Gzar) ® SUSY

Mg=My
— SU(3)¢®U(1)((Ga) 1)

In the above breaking channel, the exceptional gauge group Eg is broken to
the Left-right symmetric group extended by an additional U(1), i.e.
SU2),®SU2)rg®SUB)® U(1)p-, ®U(1)y (Gasu) by the vacuum
expectation value (VeV) of (1,1,15)0(Gz241) < 210, (SO(10) ®U (1)) 650 of
E¢ near the GUT scale My. In the next step the SU(2)r®U(1)¢@U(1)s.
symmetry is spontaneously broken to U(1),QU(1), symmetry at the Mg scale, by
the VeV of (1,2,1).10,12 +(1,2,1) 12112 (G2zs11) € 161/2+16.11, (SO(10) @U(1)y)

27+27 representation of Ee. Here, Y =T3 + % is the standard hypercharge.
The other U(1) charge is orthogonal to U(1), and its quantum number is given by
[9],

1=Ty+T§ - CiY 2

Here, Ty and Tg are the generators for U(1)y and SU(2)g respectively and €2
depends on the couplings for SU(2)r and U(1)g.. at the Mg, scale. Thus unlike the
conventional U(1) charge, this U(1), is model dependant. This U(1), symmetry is
broken spontaneously at M, close to TeV scale by the G311 multiplet (1,1,1)0,
contained in the {27} representation. This may provide a heavy neutral Z-boson
along with the conventional Z-boson. Finally the electro-weak symmetry
breaking is achieved by the VeV of the bi-doublet (2,2,1).1(G2241) €10-; (Gy01) €
27, at (Mz). For simplicity, we consider that the Supersymmetry scale (Msysy)
lies at the electroweak symmetry breaking scale (M).

We now include the non-renormalizable d=5 operator to the conventional
Lagrangian and then study the modifications induced by the operator. The total
gauge Lagrangian is given by,

L=LNR+ LR,
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where, Lyg = _&TT(Fuvd)(eso)Fw)v Lp = %TT LAY e 3

Here n is a dimensionless parameter, Mg is the compactification scale close to the
Planck scale, ¢ 50y is the Higgs belonging to {650} of Eg, F,, is the Es gauge
field strength, which contains the coupling constants g;s. Now in order to break
E; to left-right symmetric G,ps11, We take the VeV of (1,1,15), (in the G,y41 Space)
c 210, of SO(10) < 650 multiplet [10], as has been mentioned before. The
vacuum expectation value is given as,

_ ¢ i 3 3 3 3
<¢(650)> - \/%?dlag{—a, _EI _EI _El 1,1,1,4,-1,0 18 0} (4)

Using this normalized VeV in (3), the total Lagrangian can be decomposed into
kinetic energy of the SU(2)y,SU(2)gr, SU(3)c, U(1)p_1, U(1)y gauge fields. i.e.
1
£==(3) [0+ UTr(Fy ™ FH ) + (1 + ep)Tr(F N FHY 2R) +
(1 + €3 Tr(Ey  FH3C) + (1 + eg_ )Tr(F, " “FH =Ly +
(1 +€y)Tr(Fy  FF¥] ) (5)
Here the parameters ¢;, with i= 2L, 2R, 3C, U(1)g.1, U(1)y, are related to the non-

renormalizable E lagrangian (Lyg) through the non vanishing VEV of {650} in
(4), given by,

3 . 3 n¢
€3], = ER = — (E) € €3c = € €p_[, = 4€ €y = —€, with e = \/2:9 M_GO (6)

Thus the gauge coupling constants at the unification point get modified. At the
unification scale My, the GUT boundary condition is expressed as

a2, (My) (1 + €1) = ar(My)(1 + €2r) = azc(My)(1 + €3¢)
= ag_(My)(1 + €p_L)
= ap(My)(1 + eg) = ag (7
Where a ;= ( g /41 ) with i = 2L, 2R, 3C, U(1)g., U(1)y and ag = (go/410), go
being the gauge coupling at the unification scale. These boundary conditions lead
to the corresponding gravitational corrections for the four gauge couplings. In the

next section, we show that a low intermediate scale can be achieved through this
gravity induced gauge coupling corrections.
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3. Renormalization group equations:

We now discuss the Renormalization Group equations including one-loop
beta function contributions, to calculate the corresponding mass scales at
different stages of the breaking channel-(1). In the minimal super symmetric
model it has been observed that, the inter mediate scale Mg is very close to the
Grand Unification scale M, ~10% GeV, at the one-loop level, which is
inconsistent with the accommodation of leptogenesis in the model. In the present
case, we show that the result can be modified and consistent with leptogenesis if
d=5 operators are taken into account. The effect of gravity induced correction
will be visible through renormalization group equation from Mg to My,.

We now write down the Renormalization Group (R.G.) equations at
different mass scales involved in the symmetry breaking channel (1). Between
the mass scales Mz and My the R.G. equations run as,

a7 (Mg) = a7 M)+ 5= {In(M,, /M5)}, i= 3¢,2L.Y ®)
Since supersymmetry is being preserved between the mass scales Mz and M,, the
one loop beta function values b;s for SU(N), are given by
bi=-3N + 2Ny + X Ti, (for i=SU(3)c, SU(2),,U(1),) 9

Here we are confined to three fermion generations, i.e. Ny = 3. Using the Higgs
scalars (2,1):12(Gz31,) ©10-; < 27 for electro-weak symmetry breaking, the one-
loop beta function coefficients , are given as:

b 33
y 5
b3c -3

Using the input values of the Standard Model couplings measured on the Z-pole
at LEP as a;(Mz) = 0.016947, a,(Mz) = 0.033813 and a3(Mz) = 0.1187 and My =
10° GeV, we obtain the values of a; 1(My). Then at My, the U(1)y symmetry is
broken down spontaneously by the VeV of the singlet (1,1)0, (G2s11) <{27}.
Hence between the mass scales My and Mg the R.G. equations run as,

a7 (Mx) = a7 (Me)+ o= {In(Mg /M,)}, i =3C,2L.Y and x (11)

Thus the one loop beta function values bi for i=3C, 2L,Y remain unchanged as
given in Eqgn. (10). Hence a; *(Mg) for i = 3¢,2L,Y can be predicted. Here we
note that, the value of coupling constant for U(1), at M, (a;l(MX)), is not known.
Since U(1), symmetry is broken at M,, its low energy memory at My is lost.
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However, the value of a;'(Mg) at Mg is dependent on the values of coupling
constants of SU(2)r , U(1)y and U(1)g., as is evident from (2). Therefore we
have to borrow its value from Mg where the above symmetries are broken.

Then in the next stage from Mg to My, the effect of gravity becomes visible.

Therefore the R.G. equations between the mass scales Mg and My, with the
boundary condition (7), are written as,

a7 (Me) = a7 (M) + 2 [In (MMRJ+a?", (12)

€j

Here i=2L,2R,3C,U(1)g,U(1)y and A;"r= — € being the parameters inducing
G

gravitational correction. At the mass scale Mg , the left-right symmetry breaking

is realized by the VeVs of the right handed doublet Hg(1,2,1).15,1» and

Hr(1,2,1)12,12(G2311) € 1615 + 16 1o (SO(10) ®U(1)y) < 27+27. Thus the

corresponding beta function coefficients (b;) between Mg to My, are given by:

bly 23/3
bp_L, 9
, = 13
ba1—2r 2 (13)
3C -3

Thus for a given value of Mg, we can predict ai‘l(MU) for i=2L,2R,3C,U(1)s.
L, U(1)y. We now return back to consider the evolution of U(1), from Mg to M,.
As per (2), we can write down the coupling oc;l at My as,

-1 _ i -1 1
O = N2 [6 ay +(3/2)aB_L+a2R] (14)

Here we have used the corresponding normalizations for U(1)y as V6, for

3 2 5 4 1/2
U(1)g_, as > and for U(1),as N, =(7 —2CH + (g) Clz) . Here C;, = Cos

—92R__ Between the mass

\/% 9B-L
scales Mg and M ,, the gauge coupling of U(1) , runs down according to the
renormalization group equation,

6,,, for 6, is the mixing angle such that, tan 6, =

- _ b
a5 1(M ) = o *(Mg) + 2= {In (Mg/M,)} (15)

b, is the beta function value for U(1),. Using (9), it can be given by,
b,=6+ Ni)z(z X (16)
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where y; can be calculated by the relation given in (2). Here the second term has
the contributions from the bi-doublet (2,2,1),c10; and the singlet S(1,1,1),
(under G4, Space) contained in 27 representation of Es. The values of 7, N y
and b, for different Mg scale are noted in the Table 1.

Table 1: Beta function value of U(1), corresponding to different Mg

Mr(GeV) Ci2 X7 =% + %8 Ny b
10* 0.3198 8.4626 6.5308 7.2958
105 0.3305 8.4481 6.521 7.295
106 0.3423 8.4325 6.5106 7.2951
107 0.3553 8.4256 6.4998 7.2947
108 0.3697 8.3972 6.4884 7.2942
10° 0.3857 8.3773 6.476 7.2935

Using the standard method, we now do the analytical calculations to
calculate the mass scales involved in the model. Using the evolution equations,

the boundary condition (7), the combinations {e™2(My) — gggZ(MZ)},
{e7?(My) —-g £(Mz)} and the relation: {e™*(Mg) ——gYZ(Mz)+g L (Mz)},
we obtain the following expressions for the unification mass scale My, the GUT
coupling constant aG(z g2 /4m) and sin“0,,

ag! _9(2+€) [3a7 (M) + 10252 (Mz) - 2 In ( R)] (17)
ln(zlz’ —9(2+6) 2n(8 S1(My) —a” 1(MZ))+2ln( :)}
{2n ( S1(My) + « 1(MZ)) - 2m (35))) (18)
. { 14—0((Mz) 14a(MZ)l ( )}
sin%6,, = 9(2+6) te { Bzéggx)j 2a(MZ)l ( )} (19)
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Here, €; being the dimensionless parameters as defined in (6) and (7). We have

used the experimentally allowed values of o'=4ne?(M,)=127.9 and ag =

gi(M
4

—nZ): 0.118 to obtain sin?6,,, azland M, for given values of Mg. The

numerical result is tabulated in Table 2 (without correction i.e. for e =0) and in
Table-3(with correction).

Table 2: Values of sin?6,,, My and a;?* for different values of Mg (without
gravitational correction, € = 0).

Mr(Gev) sin?@,, Muy(Gev) ag
10* 0.2858 5.23x10" 25.75
10° 0.2813 4.05x10" 25.6
108 0.2769 3.14x10%7 255
107 0.2724 2.4x10" 25.4
108 0.2679 1.88 x10" 25.26
10° 0.2635 1.45x10" 25.1
1011 0.2546 8.7x10% 24.9

Table 3: Values of sin26,, , My and a; ! for different values of Mg and .

Mg (Gev) € sin?6,, My (Gev) oGt
10* 0.177 0.23122 425x10°  23.658
10° 0.1623 0.231193 2.31x10"°  23.706
10° 0.1475 0.231213 1.25x 10"  23.755
107 0.133 0.231163 6.77x10"®  23.802
108 0.1183 0.231189 3.66 x 10"  23.852
10° 0.103 0.23141 1.94x 10"  23.909
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It is observed that, in the absence of gravitational correction, for Mg =
10% 10" GeV, the model gives (Table -2) a high value of sin?6,, which is not
permissible. Thus the model does not allow low Mg in the absence of
gravitational correction. However, for non-vanishing €, we can have admissible
sin?6,, for low Mg (as given in table-3). When we gradually increase the
intermediate mass scale from 10° GeV to 10° GeV, the required value of
gravitational correction (e) goes on decreasing for allowed value of sin26,,.

We can also check the consistency of the result by a graphical analysis.
Now using evolution equations (8), (11), (12) and the boundary condition (7), we
have plotted the evolution of gauge couplings o, for i= SU(3)c, SU(2).-r,
U(1)g.L and U(1)y for different values of Mg and ¢; (Figure 1,2). Using the input
values of the Standard Model couplings measured on the Z-pole at LEP, we have
shown the plots for Mg = 10* and 10° GeV. It is observed that, corresponding to a
given value of Mg, the running couplings of SU(3)c, SU(2)., SU(2)r and
U(1)s.. get unified at a very high scale close to the Planck scale (Mp)=10*°GeV
for a single value of €.

Mg =10*GeV, € = 0.177

100 —_— 1/al
_—— 1/a2
80 - S l/CX(B-L)
- ., | ===e- 1/aW
<07~ Tl . 1;003(
5 -:..\*\ a
40 i ...7.:?\
T T T ———
20 - == -_—
O T T T 1
0 5 10 15 20
log(M/GeV)

Fig- 1. Gauge coupling evolution
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Mg =10°GeV, € = 0.103

. — 1/al
—_— — 1/a2
—_— - 1/a3
o SO (e 1/a(B-L)
R 1/aW
. ~ ‘e
.5_ ~‘x\"'. H/ax !
40 - I
QQQ
— e— — c— — ~\s
—_——— =
20 | =
.- Ee
— -
0 ;
0 5 10 15 20
log(M/GeV)

Fig. 2. Gauge coupling evolution
4. Discussion

We have considered a super symmetric Eg¢ model with intermediate Left-
right symmetry. Unlike the conventional string motivated models, the Higgs
content of the model includes {27+27+650}, which is obtained as a result of
dimensional reduction of Egtheory in D=10 dimension. The presence of {650}
Higgs triggers gravitational correction via dimension five operators F** Fop 0, i.e.
78®78Q 650 in the Lagrangian. This correction allows a low Left-right
symmetry breaking scale Mg of the order of 10* - 10° GeV with the modified
unification scale at ~10™ Gev. This is also expected, as Eg may be viewed as
remnant of Eg theory at the Planck scale. For suitable choice of the correction
parameter e, the model allows consistent value for electro-weak mixing angle
sin’0y very close to the permitted value 0.2311 + 0.000130. It is also noted that,
the high unification scale helps to avoid the problem of Higgsino mediated proton
decay, which is a generic problem of supersymmetric models. The preferred
solutions with naturally larger value of My exhibit the virtue of suppression of
Higgsino mediated proton decay by a factor of (MJ/My)? =10 - 10°°. Further the
model can also predict a light left handed neutrino through the double seesaw
mechanism [11], with the presence of the singlet S(1,1,1),. Due to the low energy
signature of right-handed gauge bosons (Wl'{ and Z,) the model can be testable at
LHC.
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