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We propose an SO(10) supersymmetric grand unified theory (SUSY GUT), where the SO(10)
gauge symmetry breaks down to SU(3). x SU(2). x U(1)y x U(1)x at the GUT scale and U(1)x
is radiatively broken at the SUSY-braking scale. In order to achieve the observed Higgs mass
around 126 GeV and also to satisfy constraints on flavor- and/or CP-violating processes, we
assume that the SUSY-breaking scale is O(100) TeV, so that the U(1)x breaking scale is also
0(100) TeV. One big issue in the SO(10) GUTs is how to realize realistic Yukawa couplings.
In our model, not only 16-dimensional but also 10-dimensional matter fields are introduced to
predict the observed fermion masses and mixings. The Standard-Model quarks and leptons are
linear combinations of the 16- and 10-dimensional fields so that the U(1)x gauge interaction may
be flavor-violating. We investigate the current constraints on the flavor-violating Z' interaction

from the flavor physics and discuss prospects for future experiments.
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In this letter, we propose an SO(10) supersymmetric Grand Unifield theory (SUSY GUT),
where the realistic fermion masses and mixings are achieved by introducing extra 10-dimensional
matter fields, based on Ref. [[M]. In the minimal SO(10) GUT, the SM quarks and leptons are em-
bedded into three 16-dimensional fields [@]. In this case, the mass spectrum of the SM fermions
are inconsistent with the experimental result, because of the matter unification. In our model,
the SM quarks and leptons come from 10- and 16-dimensional fields, and especially, the right-
handed down-type quarks and left-handed leptons in the SM are given by the linear combina-
tions of 10- and 16-dimensional fields. We assume that SO(10) gauge symmetry breaks down to
SU(3). x SU(2)L xU(1)y x U(1)x (= Gsy x U(1)x) around 10'® GeV according to the nonzero
vacuum expectation values (VEVs) of SO(10) adjoint fields. Thus, the low-energy effective theory
is an U(1)x extension of the SUSY SM with extra matters. The additional gauge symmetry will
survive up to the SUSY scale, but we could expect that it is radiatively broken, as the electroweak
(EW) symmetry breaking in the minimal supersymmetry Standard Model (MSSM). We assume
that SUSY particles in the SUSY SM, except for gauginos, reside around 100 TeV, in order to real-
ize the observed 126 GeV Higgs mass and also to satisfy constraints on flavor- and/or CP-violating
processes. The gauge coupling unification is rather improved when only the gaugino masses are
around 1 TeV [B], and the dangerous dimension-five proton decay is suppressed [E]. On the other
hand, since tan 3 (the ratio of the VEVs of the two Higgs doublets in the SUSY SM) is close to
one, it is difficult to explain the large hierarchy between top and bottom quarks when all the matter
fields are embedded into only 16 representational representations. In our model, the introduction
of 10-representational matter fields makes it possible to explain the large hierarchy.

The mass of the Z' boson associated with the gauged U (1)x may be O(100) TeV corresponding
to the SUSY scale, so that it may be viable in the searches for flavor violations. The right-handed
down-type quarks and left-handed leptons in the SM are given by linear combinations of the parts
of 10- and 16-dimensional fields. Thus, that generically leads to flavor-violating Z’ interaction and
crucial promises against flavor experiments. We will see that tree-level Flavor Changing Neutral
Currents (FCNC) induced by the Z’ boson are generated and they largely contribute to the flavor
violation processes: for instance, L — 3e, [-e conversion in nuclei, and K* — & and Bg Is E?, /s
mixings. Especially, we find that the ti-e conversion and the CP-violation in K system provide the
strongest constraints with our model.

1. Setup of SO(10) SUSY GUT

We introduce a 10-dimensional matter field in the each generation in addition to 16-dimensional
matter fields. Three SO(10)-singlet matter fields S; are also introduced to achieve the realistic
masses of neutrinos [M]. The matter fields 10; and 16, are decomposed as the ones in Table [. For
convenience, the assignment of SU(5) x U(1)x is also shown in Table I. The superpotential is
written down according to the SO(10) gauge symmetry introducing 10z, 165 and 165 Higgs fields
to break the EW and U(1)x gauge symmetries. In addition, two SO(10) adjoint Higgs fields, 45y
and 45}, are introduced in our model. They develop nonzero VEVs, and then the SO(10) gauge
symmetry breaks down to Ggy x U(1)x at the GUT scale. The low-energy effective theory is the
U(1)x extension of the SUSY SM with 10- and 16-dimensional matter fields.
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o | us | E | L. | Dy | Mg
S0(10) 16
SU(5) xU(1)x (10,—1) (5,3) (1,-5)
Gsm 32 |31-H a1y | @2-H[31Y] 110
L. | Dy | Ii | Dy
50(10) 10
SU(5) xU(1)x (5,-2) (5,2)
GSM (1727_%)‘ (3717%) (172’%)‘(371) _l,)

Table 1: Charge assignment for matter fields. Charge assignment for Gsy is denoted as (SU(3), SU(2)L,
U(1)y). U(1)x gauge coupling constant is normalized as gx = g/v/40 at GUT scale, where g is SO(10)
gauge coupling constant.

After the U(1)x symmetry breaking, the chiral superfields D%, and D', (Lz; and L'r;) mix
each other, and we find the massless modes which correspond to the SM right-handed down-type
quarks and left-handed leptons. Eventually, the relevant Yukawa couplings for quarks and charged
leptons are described as

W™ = hyijQLiUR jHy + Y4i;QLiDy jHa + Yei;LLiEg jHa + [ij (D%, Dinj + LoniLinj)- - (1.1)

D%; and Ly ; (D, and Ly ;) are the (heavy) chiral superfields of right-handed down-type quarks
and left-handed leptons in the mass bases. The Yukawa coupling constants for the SM down-type
quarks and charged leptons are described as

(Ya)ij = (huix + €aix) Opeijr Ye)ij = (O )iw(hurj + €exj), (1.2)

using the mixing parameters, ((A]D;Q)k ;and (U, )i, and the additional parameters, &4 ., originated
from the higher dimensional parameters. Then, the realistic Yukawa couplings are realized by the
mixing between 10- and 16-dimensional matter fields.

Since the fields in 10 and 16 representations carry different U(1)x charges, the SM fields
have flavor-dependent U(1)x interaction. The U(1)y gauge interactions of right-handed down-
type quarks and left-handed leptons are described in the interaction basis as .%, = —igx (36,-2/@ —
ZWI-Z/(,D/ ;), where the factors 3 and —2 are U(1)x charges for the fermionic components @; and ¢,
of the chiral superfields {; and y!. Z' is the U (1)x gauge boson and gy is defined as gx = g/+/40 at
GUT scale, where g is the SO(10) gauge coupling constant. Using the unitary matrix Uy, we define
the flavor-violating couplings A;’; for the SM fermions as ., = —igx @; (5(0{};011/)1'1' — 25ij> o=
—igXAf’;EiZ/(p i, where @ is the fermion component of the chiral superfield y in the mass base and
denotes right-handed down-type quark (dy) and left-handed lepton (/7). As discussed in Ref. [M],
we find that all elements of the flavor violating couplings are O(1), so that we need careful analyses
of their contributions to flavor physics, even if the Z’ boson is quite heavy.

2. Flavor physics

The large tree-level FCNCs involving the Z' boson are promised in our model. Here, we
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sketch the relevant constraints on the flavor-violating Z’ interactions and give prospects for future
experiments.

In our model, the SUSY SM Higgs doublets are charged under U(1)y, so that their nonzero
VEVs contribute to the Z’' mass (mz) as well as the SM gauge bosons. The mass mixing between
Z and Z' is generated by the VEVs as well. Then the Z’ interaction is described by the mixing
and the tree-level FCNCs. The flavor-violating couplings significantly contribute to Bg /X—Fg /s and

KK’ mixings, flavor-violating decays, and -e conversion in nuclei. Below, we summarize the
constraints relevant to the Z’ interaction, and discuss the predictions in flavor physics.

The most relevant processes would be the 4 — 3e process and the p-e conversion process in
the lepton flavor violation. The current upper bound on the branching ratio of u — 3e is 1.0 x
10~!2 [H]. We find that our model is safe for the current experimental bound as long as my is
O(100) TeV [M]. We also evaluate the branching ratios of other lepton flavor violating decays, and
we find that they are also much below the current experimental upper bounds. The flavor violating
coupling Alle also gives rise to the -e conversion process. In our model, the branching ratio for
the Au target is close to the current upper bound at the SINDRUM-II [B]. The branching ratios for
the other materials are estimated as O(107'3) as well, so that we expect that our model could be
proved in the future experiments.

The Z' FCNCs contribute to the mass splitting and CP violation in neutral meson systems.
The measurement of K*-K" oscillation is a strong probe on both real and imaginary part of (A[ll’;?)z.
Especially, the CP violation gives a sever constraint on the FCNC, so that the 7' mass has to be
heavier than a few PeV, if A‘li’; possesses O(1) CP phase.
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