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Dicyclic horizontal symmetry and supersymmetric grand unification
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It is shown how to use as horizontal symmetry the dicyclic grQya SU(2) in a supersymmetric unifica-
tion SU5)® SU(5)® SU(2) where one S(5) acts on the first and second families, in a horizontal doublet, and
the other acts on the third. This can lead to acceptable quark masses and mixings, with an economic choice of
matter supermultiplets, and charged lepton masses can be accommodated.

PACS numbs(s): 12.10.Dm, 11.30.Hv, 12.60.Jv

The smallness of most of the quark masses and mixing The Higgs fields which will break electroweak symmetry
parameters and the strong hierarchy among them is one efe in (5+5,1,1) and so couple only to the third family in a
the most interesting puzzles in partlcle physics. Spontangeanormalizable fashion. Scalar VEV's in,& or (5,9 wil
ously broken horizontal symmetry is the most popular canyeak to the diagonal subgroup. There will also be(sU
didate theory for understanding the flavor structure, includ-®SU(5) singlets, nontrivial unde®. Beyond these scalars
ing in supersymmetric models. In the context of the minimal. ilb ’ I introd 6 — d '
supersymmetric standard mod&lSSM), a horizontal sym- 'L Will be necessary only to introduce an extra (%2, an
metry may also give a viable alternative to build in a super{15,10,3) multiplets to complete the modg19].
Glashow-lliopoulos-Maiani(GIM) mechanism to suppress  Taking as an expansion parameter sinf.~0.22 we will
flavor-changing neutral current6CNC) induced by super- use two scales belowMpja,ec Which are taken as
symmetric particleg1—-3]. Attempts has also been made to M;~\Mp,, Which characterizes the VEV of a (1,1)2
use horizontal symmetry to address geroblem[2,4], the  and M,~ \3M pjae Which sets the S(B)®@ SU(5) breaking
strongCP problem[5], FCNC due to light leptoquark$],  vEv's. In fact, M, lies just above the usual
and baryon number violation in supersymmet8JJsy) [7]. M gur~2% 10' GeV, as the effective Planck ma&ﬁwanckis

There is hence a growing interest in the topic. given byMp|anck/\/8_~2.4>< 10 GeV. Thus, the hierarchy

However, as global symmetries are in general not re f the ob q K bl |
spected by gravitational effect8], the horizontal symmetry ©f the observed quark masses at accessible energy merely

should be gauged. Canceling the gauge anomalies then irfeflect thg existence of the superheavy scalars Igymg near
poses a strong constraint on model build{i®y-12. For a  Mpianck With VEV’s at the somewhat lower horizontal-
simple non-Abelian symmetry we are left with essentially symmetry-breaking scaléd, andM,; it remains to be seen
only SU(2) and its discrete dicyclic subgroufy [12-15. whether this sequence of horizontal-symmetry breaking can

Now we consider an extra desirable ingredient, compatbe derived from a reasonable Higgs boson potential.
ibility with supersymmetric verticalgrand unification, such To keep track of the bookkeeping for the components of
as SU5). The only grand unified theor§GUT) compatible  the Qg4 couplings we find it most convenient to assign to the
gauged horizontal symmetry model proposed so far is intwo components of a 2doublet the valuestn, reflecting
compatible with SUSY[12]. Here we provide the first the eigenvalues of B;==n in the natural embedding SB)
SUSY-GUT compatible such model.

Inspired by the antiunification approach to quark masses
[16], models with separate GUT groups for each of the three
families has been introducgd?7]. Here we consider instead
only two SU5)’s for horizontal singlet and doublet families.
The structure then gives, to the first approximation, rank-one
quark mass matrices. We show that, with judiciously chosen @(5) ® SU(5) @QG]
heavy scalar vacuum expectation valu®EV'’s), the full
hierarchical and phenomenologically viable quark mass ma-
trix textures can be generated, using nonrenormalizable
gravitational interactionf18].

Our model has gauged $8)® SU(5)® SU(2), with this
symmetry broken to a diagonal $&) (SUSYJ)GUT group
around and above the GUT scale. The full pattern of symme- SU(5)p

LSU(5) ® SUG) ® SU(m

Ml ~ )\MPlanclc

SU(5) ® SU(5) My~ ¥

try breaking is illustrated in Fig. 1. Maur
The assignment of the three families of quarks and lep-
tons to[SU(5)® SU(5)® Qg] is thus Msysy
3rd family (5+10,1,2), [SU@.esv@LeUMy] .

1st and 2nd families (1,5_+ 10,2).

Upon breaking to diagonal SbB) this becomes a normal FIG. 1. lllustration of the symmetry-breaking pattern of the
three-family SUSY-GUT. model.
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DQ,y - Recall that for even-dimensional 82) irreducible 0 N o
representations M| A* A% A%, @
d—2,4+23+ 241, 0 A 1
while, for oddd, corresponding to case | dR0], hence showing that the
(asymmetri¢ quark mass texture is phenomenologically vi-
d—singlet-2,+2,+---24_1; able.

Now we turn to the charged lepton mass matrix. The
the singlet is 1 for d=1,59... and I for simplest way to accommodate it to obtain the Georgi-
d=3,7,11 ... . Ofcourse we will need onlg=1, 2, 3, and Jarlskog pattern[22] by replacing the scalar VEV
4 for Qs. (5,5[ —2]), which is responsible for theM 4),, entry, with

With this bookkeeping we find that the mass matrix tex-5 (545[—2]). If one wants to avoid having45, there is the
tures emerge frqm VEV's as follows: t,he only scalar with ;jrarnative suggested by Ellis and GaillditB]. While the
VEV at scaleM is (1,1[+1]); the VEV's at scaleM, are diagonal SW5) singlet from the (Eﬁs contributions to the
quark and lepton masses are the same, the othdB)SU

—(5,5[=3D). ®SU(2)®U(1) singlet in the adjoint 24 of the diagonal
— — SU(5) gives quark and lepton masses in the ratid/2. Ellis
—(55[~=2]) and (5,5[—-1]), and Gaillard showed that if both the singlet and the 24 con-
_ tribute, with partial cancellation in the lepton sector, the 5
—(1510[—1]), VEV could fit both the quark and lepton sectors. The 24

o ) VEV is of course GUT-breaking, which is needed anyway. In
where theQg entry implies the Z; eigenvalue. These large oyr case, its contribution has to be smaller by about a factor
VEV's are assumed to be in vectorlike supe_rmulup[d;@]_. of Mgur/M,. Without going into detail, a simple compari-
We assume the most general superpotential containing alon with the Ellis-Gaillard analysis shows that this can be
renormalizable and nonrenormalizable couplings compatiblgccessful.
with the symmetry of the model. Tracking down all the en-  Having discussed both the quark and charged-lepton mass
tries of the mass matrices to the lowest ordehiwe have  matrix texture construction, a few comments are in order.

the result The breaking of the horizontal $B) through the discrete
8 16 .9 dicyclic subgroupQg is needed to avoid the otherwise large
ATONT A D-term contributions to the scalar quark masses in th&5U
M,~| A& A% N7, (1)  breaking[3]. Our model may otherwise be considered only
\ A7 1 in the SU2) framework. However, th®-term contributions

would lift any assumed degeneracy among the squarks and
cause unacceptable FCNC in, for examlelk mixing (see

6 4 5
}\4 )\3 )\3 [23] and references thergirThe strongest FCNC constraint
Mg~| A" A7 N7 (2)  can be expressed as an upper limit on ¢th® entry of the
NG | left-handed down—squark"nfL matrix, in the quark-mass

eigenbasis

The authors o0f20] have analyzed all possible symmetric
guark mass matrices with the maxim@ix) and next-to-
maximal (five) number of texture zeros, and concluded that ~ . .
only five models, denoted by the roman numerals | to V inwheremi are the three e_ugenva_lueNSZathhe unltgry_ trans-
their work, are phenomenologically viable. Note that theform‘?}t'(_)n matrix that diagonalizesy;, . In the limit that
symmetric structure is just an input assumption. In our case<1K3, is negligible, this reduces to
the GUT structure enforced a symmetric mass matrix for the ~2 o m2 m2
up sector, but leaves that for the down sector arbitrary. While oM™ (M —mp) Ky, ©®)
U(1) flavor symmetry constructions for quark mass matrice . ~ ~ 5
with nonsyn};metricy hierarchical textu?es have been aﬁwence_ a deger?er_acy C°”"'“°T‘ betwemi] andm;, unless
tempted[2,10,21], the full list of such phenomenologically the mixingK, is itself exceedingly smal(l24]. As recently

viable quark mass matrices is not yet available. However, wé‘fj"ocated by some authdras), the 2+ 1 fam|~ly struct~u2re,
can simply exploit the fact that low-energy physics is unaf-9/Ves @ natural first-order degeneracy betwégnand i,

fected by an arbitrary rotation of the right-handed quarkand is therefore flavorable from the perspective. The degen-
fields. Discarding the large order entries and imposing a ro€racy is however lited as the honzor;tal symmetry is broken.
tation on the right-handed second and third down-quark Our model, the lifting is of orden” which is too large.

fields with an angle~\3, we obtain, in the symmetric basis, EX{ra mechanisms, as proposed in Ré&fl, are needed to
help suppress the FCNC.

~o _ ~o t 2 t, s +
oMgs= MK 11K+ MK oK 5+ mM3K 13K 55, )

0 A O In principle, the nonrenormalizable mass terms may be
6 a4 obtained, alternatively, from the Froggatt-Nielsen mecha-
My~[ A" A" 0, (3 nism [26]. In that case, one needM,/My~\ and

0 0 1 M,/Mg~\3 whereM, is the mass scale of the vectorlike
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fermions mediating the Yukawa vertices involving the chiral VEV'’s, do not look very good. However, the right-handed
fermions. HoweverM cannot really be brought down much neutrino sector need not have the same family structure as
below M pjanck beCause the proliferation of heavy supermul-the quarks and leptons, so long as the globa{Z3dnomaly
tiplets may lead to a nonperturbative gauge coupliBl  condition is satisfied; and there could be some extra multi-
Contributions of the supermultiplets that contain the necesplets with or without VEV's among them that modify the
sary large VEV's aiM ; andM, to the renormalization group neutrino masses and mixings without upsetting the quark and
(RG) B functions can be dangerous too if their masses arehagred-lepton mass textures.
much belowM pn HOwever, their vectorlike nature al- Like the minimal SUSY-Sib), the model has
lows, in principle, an arbitarily large mass. Here, we take adimension-4 baryon number violating operators that have to
conservative strategy and assume these masses to be rbalremoved by imposing parity or otherwise. In particular
large, thus rendering their contributions to tBefunctions  the (51,1) Higgs supermultiplet definitely has to be distin-
vanishingly small. guished from the quark-lepton one in the same representa-
The supermultiplets that contain the GU» SU(5) break-  tions to avoid fast proton decay. Finally, the infamous
ing VEV’s in the model are assumed to be vectorlike. Henceloublet-triplet splitting problem has not been addressed.
they are heavy and have no contribution to gauge anomalies. In conclusion, we illustrate here the possible construction
The supermultiplet (1,1;2 can have heavy Majorana mass. of a quark(and charged-leptormass matrix texture model
It has a contribution which helps to cancel the otherwisefrom a gaugednon-Abelian horizontal symmetry in the su-
nontrivial global-SW2) anomaly. Local gauge anomaly can- persymmetric grand unification framework. To the best of
cellation in our model is completely straightforward with no our knowledge, the model is the first of its kif@d7]. We
additional states. hope at least some features of the model may contribute to-
The (1,1,2) can be identified naturally as a right-handedward our understanding of flavor physics.
neutrino supermultiplet. If an extra (1,1,1) is added, the fam-
ily structure of the right-handed neutrinos is then the same as
the quarks and leptons. While this appears natural, the neu- This work was supported in part by the U.S. Department
trino masses and mixings hence derived, assuming no extaf Energy under Grant No. DE-FG05-85ER-40219, Task B.
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