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Abstract. A complete calculation at one-loop level for the Z, Z' — v decays is presented
in the context of the minimal 331 model, which predicts the existence of a new Z’ neutral gauge
boson, Y™+, YT charged gauge bosons, new exotic quarks and charged scalars. Bose symmetry
is exploited to write a compact and manifest SUc (3)-invariant vertex function for the yyyV°
coupling. Previous results on the Z — vy are reproduced (Br(Z — yvyy) ~ 1070). It is
found that this decay is insensitive to the effects of new heavy particles. This contrasts with
the Z' — 47y decay where the associated branching ratio is of the order of 107°.

1. Introduction

In this work, we will study some properties of the Z’ gauge boson predicted by the minimal 331
model [1]. Particularly, we are interested in studying the rare decay of this Z’ gauge boson into
three photons. This type of decay is naturally suppressed in renormalizable theories, as they
first arise at the one-loop level. The analogous decay in the Standard Model (SM) Z — vy is
very suppressed, with a branching ratio of the order of 1071 GeV [2].

2. The minimal 331 model

The minimal 331 model is based on the SUqx(3) ® SUL(3) ® Ux (1) gauge group. The SUx(3)
group represents strong interactions and the SUL(3) ® Ux (1) group is the simplest extension of
the electroweak gauge group. The minimal 331 model predicts new exotic quarks, new gauge
bosons and scalars, among them a new neutral gauge boson Z’ is expected at the TeV scale [1].
This model offers a possible solution to the family replication problem: anomalies cancel out
when all families are summed over, which suggests that the family number must be 3. The
lepton spectrum of the model is accommodated as antitriplets of SUL(3):
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Two quark generations are arranged as triplets and the other one as an antitriplet:
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The right-handed quarks are given as follows:
de, s ¢ (3%,1,1/3); D¢ S°: (3%,1,4/3),
u’, ¢ t¢: (3%,1,-2/3); T°: (3%,1,-5/3).
The D, S and T particles are new exotic quarks with charges —4/3, —4/3 and +5/3, respectively.

Henceforth, we denote exotic quarks with (). The scalar sector of the minimal 331 model is
comprised of three triplets and one sextet of SUp(3):

o= ( » ) (1,3,1), ¢ = ( i ) (1,3,0)

Dy = ( f?_ ) . (1,3,-1)

1= (grps M) 00

The spontaneous symmetry breaking occurs in the following way: SUL(3) ® Ux(1) o,

SUL(2) ® Uy (1) gtcry Ue(1), where ¢y gives masses to the new exotic quarks D , S ,T and to
the new heavy gauge bosons Z' , Y*+ | V¥,

3. Vertex yyyV?, with V = Z, 7’

The amplitude of the yyyV? vertex can be written according to the spin of particles circulating
in the loops (see Figure 1). This is possible since we calculate the gauge particles contribution
using covariant R¢ gauges (3], which render finite and gauge invariant contributions

M’Y’WVO = M1/2 + Ml + MOa

where M /5, My and M are, respectively, the spinorial, vectorial and scalar amplitudes.

In Fig. 1, X represents the type of particle circulating in the loops: fermions: u, d, s, ¢, b, t,
D, S, T, e, u, 7, gauge bosons: W+, YT YT auxiliar-pseudo scalar fields: GITV’ C’;‘r,, cit, G;S,
C’;}, Cy, G;TL, C;”L, C_';”L and scalars: h{, hg, h;{, hi, dft, dit, d§+ [3]. For each fermion:
6 boxes, for each gauge boson and scalar: 6 boxes, 12 triangles and 3 bubbles.

Once the loop integrals are computed, the amplitudes can be expressed in terms of gauge
structures and their associated form factors as follows:
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Bose statistics imposes that the amplitudes must be symmetric under the interchanges of pairs
of photons: (p1,u1) > (p2, p2) > (p3, pu3). Gauge invariance is satisfied: p;,, MRS = 0.

Yy VO
There are 18 Lorentz structures:

T‘%M“w‘l _ (pmgmuz _ pglp/f2 ) (plgguslu _ p’f3p‘§4 ),
Thi2rsts = (pigph' — proph) (pasgh® — pi2ph*)ph*,
T‘,L/tllgtzwm _ (p13gu1uz _ pgblptlw ) (p239“3“4 _ p53p§4)

+(p12p' — pisph ) (P> g — phtgH2hs).

where p;; = p; - p;. The rest of structures are obtained from these ones by Bose symmetry. Fj.o
are finite scalar form factors in terms of Passarino-Veltman functions [3].
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Figure 1. Feynman diagrams contributing to the V° — v+ decay. Fermions only contribute
through box diagrams as shown in (a).

4. The Z — vyvy and Z' — vy~ decays

By using the formula for calculating the decay width [3, 4], we can discuss the impact of new
physics on the Z — 77y decay. To perform this, we consider the scenario: mg = 500 GeV
and my = mpy =250 GeV. The relative importance of each type of contribution is shown in
Table 1. The Particle Data Group reports that I'(Z — vy7y) < 107° GeV [4]. However, the SM
prediction states that ['(Z — vyy) = 1.35 x 1072 GeV with an associated branching ratio of
5.41 x 10719, In contrast, the minimal 331 model prediction is I'(Z — yyy) = 1.31 x 1079 GeV
with a respective branching ratio of 5.26 x 10710[3].

Sector Br
Fermions 4.16 x 10~ 10
Gauge Bosons 1.03 x 10~
Scalar 3.04 x 10713
Fermions-Gauge Bosons ~ 9.92 x 10~
Fermions-Scalar —5.90 x 10~
Gauge Bosons-Scalar 4.30 x 10713
Total 5.26 x 10710

Table 1. Contributions by spin of particle to the Br(Z — yv7) in the scenario: mg = 500 GeV
and my = myg =250 GeV.

As referred to the minimal 331 model, it imposes the theoretical restriction :n”—; < 0.26 [5],

whereas lower bounds on my and my obtained from experimental data restrict this ratio to
be 0.19 < % [5]. The most promising scenario occurs when mg = 500 GeV, % = 0.19,

my =275.5 GeV and my = 250 GeV. The total contribution to Br(Z’ — v7+) can be appreciated
in Fig. 2. From this figure, we can see that the branching ratio for the Z’ — v+~ is mainly of
the order of 1079, For further details of calculation and analysis see Reference [3].

5. Final remarks

The minimal 331 model predicts new physic at energy relatively near to the Fermi scale and gives
a possible solution to the fermion family replication problem. The Z — y~~ decay is insensitive
to the presence of the new physics provided by the minimal 331 model. We corroborate that
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Figure 2. Total contribution to Br(Z’ — vv7v) as a function of my.

Br(Z — yy7y) ~ 10710, For the Z’ — 7 decay, the best signal is Br(Z’ — yy7) ~ 1.07 x 1076
when my =1.45 TeV in the scenario mg = 500 GeV, my/mz=0.19, my =275.5 GeV and
mpyg = 250 GeV.
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