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While the number of compactified and four-di-
mensional string theories [1,2,3] is increasing, it is
stili difficult to single out a string theory, and 2 re-
lated to it gauge field theory, that has the desired phe-
nomenological properties. In the recent superstring
inspired GUT literature however, new models such
as the flipped SU(5)x U (1) GUT [4,5] have ap-
peared with unique features interesting in them-
selves. For example, a common property of the
observable sector in field theory models that result
from superstrings is the absence of any adjoint
Higgses, Another feature is the appearance of extra
U(1) gauge group factors [6]. These features have
initiated efforts starting from the beginning and con-
structing new GUT models with these properties that
may be obtainable from a string theory. The purpose
of this article is to construct and analyze a new ad-
Jjointiess N=1 supersymmetric SU(5) model which
exhibits some unique and interesting properties.

Itisa common fact that the standard fermions and
Higgses can be dated in the 27
tion of E¢ together with the right-handed neutrino, an
additional pair of down-quarks and an additional

singlet. Under the maximal subgroup
SO(10) X U()nthe 27 is decomposed as

27=(16, 1)+ {10, =2)+(1,4) . (1)
Further, under the maximal subgroup

SU{5)xXU(1)y0f SO(10), these representations are
decomposed as
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ndard matier-fermions and Higgses of the 27 representation of E, can be put in SU(5 ) representat
g, the Georgi-Glashow SU(5), the recentiy revived, and superstring
supersiring related, SU(S) XU (1 )y X U (1), model wit
{2). XU (1), with Higgses in the 10+E+1+i representation of
Goublet splitting. Neutrinos can obrain a phenomenoiogically acceptable radiative

ons in three axsmcx
ed, flipped SU(5)xU(!

27=[(10, =1, 1)+ (5,3, 1)+ (1, -3, 1)}

+1(8, =2, =2)+(5,2, -2)]+1(1,0,4)1. (2)

In SU(5) X U(1)xXU(1)gthere exist three distinct
ways to define the hypercharge and obtain the correct
assignments for the standard fermions and Higgses.
The simplest case is that of the Georgi~Glashow
SU{(5} in which U(1} XU (1), does not contribute
to the t h and U(1)y is con i entirely
in SU(5). The second distinct possivility is that of
the “flipped” SU(5)XU(i)y in which U(l),is a
combination of U(1)y and 2 U{i}, subgroup of
SU(5). There is however a t
both U(1)yand U (1), participate in the dﬂfmmo"
of the hypercharge. In that case one gets a new
SU(S) XU (1) xxU(1)omodel quite different from
the previous cases. In order to compare the differ-
ences of the three models it is worthwhile fisting the
field content of the matter representations in the three
cases

)
(10,4,‘;;:((&:), 3,3, 1>~¢ }

. /B
(1, =5, 1)=N° (8, =2, =2)={ |,
) ( 2) \H}

Z {Georgi-Glashow SU(5)):

(8,2, ~2)= (H> (1,0,4)=N. (3)
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(ii) Y=~4X—4Z (flipped SU(5)):

“0”1‘”:(13?1\(‘)' (5,3,1)=<Ec),

(1, -5 1)=E, (5,

(5.2, 4):(2), (1,0,4)=N. 4)

(iif) Y=4Q2+ 45X~ 2 (doubly-flipped SU(5)):

2(10,4.1):(3?]\]), 9°(S,3,1)=(z:>,

HE(L, =5, 1) =N, (8, =2, —2)=(;r),

26,2, —z>=®, £4(1,0,4)=E°. (5

‘We have denoted with Z the U (1) generator belong-
ing to SU(5). The quantum number assignments of
the eleven Q, B¢... fields are listed in table 1.

It is evident that the SU(S)XU(1)yxU(1)q
model is distinct from flipped SU(S) since the
SU(3)eXSU(2) X U(1)y content of 5's is differ-
ent. The allowed flippings B¢=D*, L=H, N~N° do
not alter the fact that colour triplets of charge § are
together with hypercharge + 4 isodoublets. The model
is characterized by some unique features.

(i) Left-handed leptons and right-handed up-
quarks belong to the 10 representation of SO(10).

Table |
U(1) quantum numbers of matter particles in SU(5) models.
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(ii) The right-handed electron is an SO(10) singiet.

(iii) Left-handed quarks, right-handed down-
quarks and right-handed neutrinos belong to the 16
representation of SO(10) as usuaily.

(iv) Higgs isodoublets of hypercharge +4 belong
1o the 16 representation while those of hypercharge
—} belong to the 10 representation.

The superfield content of a supersymmetric
SU(5)XU(1)xXU (1), GUT except the gauge vec-
tor supermultiplet includes Ng chiral matter super-
fields 2, 2°, A%, U, &, 6° with the quantum number
assignments shown in (5). These are exactly the
building blocks of Ng copies of the 27 representation
of E¢. In addition we introduce two pairs of massiess
Higgs chiral superfields in the (10, —1, 1)+ (10, 1,
—1) and in the (1, =5, 1)+(1, 5, —1) repre-
sentations

24(10, =1, 1)+ 2, (10, 1, — 1)

5 %)
T\ By Ny BiNu/’
N1, =5, D+TH (LS5, ~D)=N+ gz, (6)

whose expectation value in the D-flat direction
(Nuy=(Nyy, (Nid=(Ni) breaks SU(5)X
U)X U(1)gtoSU(3)cXSU2) XU(1) ™. Qu,

# The absense of the vacuum expectation value (N, > = (N§ >
would result in an SU(3)e XSU(2), XU (1)yXU(1} 5, model,
characterized by an additional light neutral gauge bosos,

SU(3)exSU(2) XU}y SU(S) SU(S)XU(1)x SU(S)XU (1) XU (1)a
z X Q z X Q z X Q

Q(3,2.4) 1 -1 i 1 -1 1 1 -1 1
D31, 1) 2 3 i -4 -1 1 2 3 1
U3, 1, 1) —4 -1 l 2 3 t 2 -2 -2
L(1,2, -1) -3 3 1 -3 3 ! 3 2 -2
ES(L1,1) 6 -1 1 0 -5 1 0 0 4
N¢(1,1,0) 0 -5 1 6 ~1 1 © -5 1
H(1,2, -4) -3 -2 -2 3 2 -2 -3 -2 -2
He(L,2,4) 3 2 -2 -3 -2 -2 -3 3 1
B(3,1, -1) -2 2 -2 -2 2 -2 -2 2 -2
B3, L 4) 2 -2 -2 2 -2 -2 -4 -1 1
N(1,1,0) 0 0 4 0 0 4 6 -1 1
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Qw and two singlets, linear combinations of Ny, Ny,

Ng; and Ng;, are absorbed while B, and B and two
ther combinations of singlets are left-over.
Consider now the cubic superpotential

Wo =gy, 4) 2 75 Ui+ gu(V) L I] N
+ @) LU 65 g (H) 2 2u ) 7
The first term of (7)

£(u, d) (QDH+QUH® + BDU+NHH®) (8)

is responsible for up-and down-quark masses. The fact
that both up-and down-quark masses result from a
common coupling is a unique feature of this model
not shared by the other SU(5) models.

The second term of the superpotential (7)

g{V){LNH+DN°B) (9}

is responsible for the neutrinc Dirac mass. The fact
at the Yukawa coupling responsibie for the neu-
o Dirac mass is independent from the other Yu-
kawa couplings makes it technically possible, although
not neceessarily appealing, 1o have Dirac neutrines
light as required by phenomenclogy by adjusting g(v)
to a small vatue. We shall come back later to the prob-
lem of the neutrinc mass and shown how it can be
naturally solved through a modification of the model.
rd termin (7)

£(e} (LHE® (10)
is responsibie for charged lepton masses.

Finally, the fast term
2(H)(QQuB+QBjL+BQuL

+B*NyB+NB;B) (1)

leads to a superheavy mass for the B and B¢ fields
& (H){Ny ) BfB;. (12)

Thus all baryer: number violating couplings present
in (8}, (9) and (10) become harmless due to the su-
permassiveness of B and BC. Apart from the not very
crucial terms 92 and %;4..%, the discrete symme-
try imposed forbids a dangercus term 24 2°%° which
contains a superheavy mass ( Ny ) H, H¢ for the Higgs
# This is the most general under the dise:
A R W
Y.

XZ, symmetry
— A A=
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isodoublets. This term would spoii the lightness of the
Higgs isodoublets. It is also the main obstacle to a
straightforward extention of the present model to an
SO(10) X U(1),GUT.

The model as it stands, befow (N ) =(Ny)d»
(N§ > = (N§; ) ~My contains Ny quarks and i fep-
tons as well as Mg pairs of Higgs isodoublets
dition, except the two Higgs singlets, it contains Ny
massless singiets N, and one pair of massiess colour
triplets By and Bf;. Masses for this additional set of
fields would be absent even when supersymmetry is
broken unless we consider new interactions. These
could arige either from a gauge singlet sector or a
massive Higgs sector. The model can be extended to
inciude Ny massive gauge singlet superfields @,(1, 0,
0) and two pairs of massive superficids **

(5,3, 1)+ TH (5, -3, —1)
Usi(B, ~2, —2)+ W5 (5,2,2)
The superpotential now wiil inciude the terms
=12 B @+ A Dy DS U+ 10y T Uy
A By DUy 1] D, DU + 8, T% T
+ 1B, UG T+ 1D DD+ My DB,
M DT+ UGG ) . (13}

The first term in {13)
SIBB;@+QQu®+ NN, ®) (14}

provides us with a Dirac mass term f;( N, )N, @,
which combines with the 1e'm M®;®; and gives
masses of order M%/M for D

Arother important function of the sar‘e coupling
is that it can generate through radiative corrections
masses for the By and B fields as shown in fig. 1. A
lower mass limit on this mass is imposed from the, in
general, family changing coupling Q,L,B§; that can
induce operators bvig, tEud, etc. with interesting
phenomenological signatures.

# Note that ail fieids beiong to complete or incomplete 27 and
7 resp. of Es,
* The mhr‘ea' part is the most gcn

under the extension of

turet to 2ssume that A, wi,/ are ofthe orderof the Planck
€. O(10" GeV), Similarty, couplings to extra singlets ,
2y D+ ¥ is Wiy, can render the surviving Higes singlets in
By, B, Ay and A, massive,
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Fig. 1. Radiative mass of Bf, and Bj;.

The other terms in (13), apart from the irrelevant
5DRUC, BEDUR, BRD:US, QDRHy, . etc
include
ANy YHHf; + 2 (Ny ) HfHy
+A(N O B Hy +M(HRH +HuHy) . (15)
Thus, one combination, namely A,H, and A/H¢, of
Higgs isodoublets become massive of an intermedi-
ate mass. This is evident from the Higgs isodoublet
mass matrix which is (roughly)

0 Mk 0
My 0 M (16)
0 M My

ina AH,, Hy, A§ and A/HS, Hf; Hy, basis. The eigen-
values of the mass matrix (16) are approximately

M, =M, O(M%/M?) . 17)

It is important that the introduced couplings to the
massive Higgses make one combination of Higgs iso-
doublets heavy. To many light Higgs isodoublets de-
stroy the predicted value of the electroweak mixing
angle.

As we mentioned previously, neutrinos can obtain
a direct Dirac mass from the coupling g(v)LHN®
which is unrelated to any other Yukawa coupling and
therefore it would be technically possible to adjust it
to0 a phenomenologically acceptable value. Neverthe-
less this is not theoretically satisfactory. It is possible
to have the standard neutrino mass term £ %4 for-
bidden, and therefore the direct neutrino mass term
absent, due to the properties of 4 under the im-
posed discrete symmetry. Thus, if we had A=A,
N -» — %, under Z,, no tree-level neutrino mass is
present. However, the neutrino field would still be
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able to couple to £ through the, now allowed, term
LI N =LH;N°+BDj N, No vacuum expecta-
tion value for H§; is possible since it is superheavy
and consequently still no tree-level mass for the neu-
trino is present. Nevertheless, radiative corrections
through the diagrams shown in fig. 2 generate a nat-
urally small neutrino Dirac mass in agreement with
phenomenology [7].

The model as it stands now contains N light fam-
ilies of quarks and leptons, and pair of light B and
B§;, (Ng—1) pairs of light Higgs isodoublets and one
pair of intermediate-mass Higgs isodoublets. The rest
of the fields are massive below Mx. The renormali-
zation group analysis of the model gives sin®6y in
agreement with current experimental values for a
range of values of the parameter

a=[fhaz' (Mx)+iaz' (Mx)]™", (18)

where ag and ay are the couplings of the normal-
ized #* U(1)y and U(1)g, The values obtained for
Np=13 are shown in table 2 ¥’. Most of the favorable
values for the mixing angle however occur for o val-
ues for which ag(Mx)>as(Mx) and “Eq unifica-
tion” is excluded. SO(10)XU(1), unification is
possible for specific choices of g and ag. It all de-
pends of course on the particle content above Mx.
Summarizing, we have proposed and analysed an

# We introduce the normalized (for the 27 representation of Eq)
U(1) generator V8)Z, X= ()X, F=1a (Tr 2?
=Tr X*=Tr (=2) and consequently ag= fay, to=5aa,
a,=dazand Y=30+ /%X~ /552 Then, according toref.
(8] 1/ay=3/ca+ 5 ar+as=1/&+Y/az

¥ We have used as=0.13, a=1/128. We have assumed that
M=10"® GeV and that the mass of the intermediate scale iso-
doublet pair is M%/M? in accordance with (17).

b,

Fig. 2. Radiative neutrino mass.
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Tabie 2
Values for the sin®6w{ My ), Mx and o (M),

PHYSICS LETTERS B

a! sin?fy My (GeV) as

26 0.237 7.30x 10 5381072
28 0.234 2.75% 10" 5.47x1072
30 0.232 104X 10 5.57x107*
32 0.230 3.90x 10" 5.56X1072
34 0.227 147X 10" 5.77x167?
36 0.225 5.53% 10" 5.87x1072
38 0.222 2.08x 10" 5.98x 1072

adjointless SU(S)XU(i)yXU(i), model which
may be obtainable from a string theory and which ex-
hibits a set of attractive properties. It has a natural
triplet doublet mass splitting, it leads to phenome-
nologically acceptable values for sin®fy, and it pre-
dicts naturally light neutrinos.
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