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Abstract - The decays of the Higgs boson H; — Z~ are
discussed in the simplest 3-3-1 model. Analytic formulas for
one-loop contributions were constructed using well-known
general results. We will show that new particles predicted
by this simplest 3-3-1 model may give significant effects to
this decay of the standard model-like Higgs boson. From
numerical investigation, some details and properties of this
decay are presented. They may be useful for comparing
with the experimental results that will be detected in the
future.
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I. INTRODUCTION

After the discovery of the SM-like Higgs boson particle at
LHC in 2012 [1], [3], the standard model has been confirmed
again it’s valid, although many problems are still unsolved
in the SM framework. Hence, models beyond the SM have
been introduced to explain them. The 3-3-1 models predicts
many new particles including new gauge and Higgs bosons,
therefore many affect strongly on the branching ratio (Br) of
the SM-like Higgs boson decay into Z+. Recent experimental
data indicate that the SM-like Higgs boson decay Br(h — )
is well consistent with the SM prediction, hence contributions
from new physics to this decay must be small. In this work,
we will discuss on Br(H; — Z7) in the simplest 3-3-1
model introduced recently [4]. Because this model is simple
for calculating relevant couplings, which contribute to the
h — Z~ but not h — . Hence, these couplings may affect
significantly on the first decay, but still satisfy the experimental
bound on the second. Numerical results will be presented.

The paper is organized as follows. In section II, we present
the overview of the 3-3-1 simplest model. We also present
the vertexes and its couplings which are relevant to the decay
h — Z~ in Sec. III. Numerical results are discussed in this
section. Finally, the summary is then given in Sec. IV.
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II. THE SIMPLEST 3-3-1 MODEL REVIEW

The model based on the gauge group SU(3)L x SU(2)L x
U(1)x, was introduced in Ref. [4]. The electric charge oper-
ator of the model is @ = o135 + 15 + X, where 5 =0, T,,
a=1,...8are the SU(3) generators and X is the new charge
of the group U(1)x.

Fermions including leptons and quarks are assigned as
follows

Loz = (€ay —va, Eo)F ~(3",-1), ear ~ (1,-2),
Var ~ (1,0),  E.p~ (1,-1),

Qir, = (i, di, U)T ~ (37,-1), i =1,2,

Qs = (b, —t, T)T ~~ (3*,1/3),

wir, tr~(1,4/3),  dip,;br ~ (1,-2/3),
UiR7 TRN (171/3)7 CL:LZ,B, (1)

where we have introduced three new quarks Uy, Uy and T' with
electric charges all equal to 1/6. There are totally nine EW
gauge bosons, included in the following covariant derivative

. atisa Y
D, =0, —igsT WH — g1 §BH7 2)

where g3 and ¢; are coupling constants corresponding
to the two groups SU(3)r and U(1l)y, respectively. The
matrix WeT?, with T* = A,/2 corresponding to a triplet
representation, can be written as

3 178 + +1/2

Wi+ ZW, V2w, V2V, o

were =1 \/EW;/ —WE %/Wj vav,
—1/2 1+1/2 2 8

V2V, V2V, v

where we have defined the mass eigenstates of the charged
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gauge bosons as
1

W= (Wi avy),
1 ,
VL2 = % (WiFiW]),

1
F1/2 6 1irT
VHJF/ ,E(WH:FzW#).

complicated because the third family transforms differently.
The Lagrangian reads:

Lok = —YiQirnuar — YiQirpdar — Y QiLxUar
— Y& Qs dur — Y QaLp uar
— Y5QsrxUsr + He, “

where ¢ = 1,2; a = 1,2,3; uqrp = uUR,CR,tR; dop =

dr,sr,br and U,g = Ui g, Usg, Tr. To generate masses for

gauge bosons and fermions, three scalar triplets are introduced
as

n= " 10 YT~ (3,-1),
p=(pt, o pTHT ~ (3,1),
x =02 YR 0T ~ (3,0). (5)

Only neutral components of Higgses develop VEVs as (") =
Lﬁ, (%) = % and (x°) = % The relations between original

V2
and physical states of neutral gauge boson are
Z c —s w3
— 8 o _ w w M
A (G)-(w 2 )(5) o
where ¢y = cosfyw, sw = sinfy with Oy being the

1% — g1
weak mixing angle read sy = T where g3 and g; are

coupling constants corresponding to the two groups SU(3)y,
and U(1)y. The simple Higgs potential was discussed on [4],
namely

12

pin'n + usptp + paxTx + M (n'n)®

Aa(p'p)* + As(x'x)?

A2 (') (p'p) + As(n™n) (xTx) + Aas(p"p) (X Tx)
A2 (17p)(p™n) + Ms(Tx) (x ') + Aas(pTx) (xTp)
V2f(eijin P x* + He), )
where f is a mass parameter and is assumed to be real.

This potential has been studied in Refs. [4]. Minimizing the
potential with respect to u, v and v/, we get

+ + + +

1 1 VU
2 12 2 2

P+ A+ §>\12v + §>\13U = —f77
1 1 v'u

H% + )\21)2 + 5)\121),2 + 5)\23112 = —fT, (8)
1 1 v’

Ng + )\3u2 + *)\13’0’2 + *)\23’02 = 7f7.
2 2 U

3)

We are now in the position to examine the FCNCs in
the scalar sector. For this purpose, we need to consider
Yukawa interactions. For the leptons, since the three families
transform identically under the SU(3)r group, there is no
FCNC because diagonalizing the mass matrices automatically
makes the interactions diagonal. For the quark sector, it is more

The neutral scalars are defined as

1
7’ ﬁ(v’ + hy +iC1),
p=

. = %(umg +iG3)9)

Relations between mass eigenstates and the original states of
the charged Higgs bosons are

(7
Ui

(v + h2 + iC2)7

-1 1

)5 (7

Giy
Hi

-

ni1/2 B _sx cx G‘j;:[/Q
A ex  Sx H1i1/2 )
U2\ —syoex G/Vil/Q
X/il/z - cx sx Hgilﬂ ,
Ca Sa 1
I Vv Ty ([
hg = _ La Sa 1 HQ (]O)
V2ooV2 V2 )
hS Sa Ca 0 HS
where 5X = \/v?lll»u2 yCX = \/U2u+u2 5 Gi s G‘i/1/27 and G/‘}I/Z

are the goldstones eaten by gauge bosons W, V*1/2 and
V'E/2 The mixing parameters s, = sina, ¢, = cosa
depend on many free parameter, but s, — 0 and ¢, — —1
when SM-like Higgs couplings are identified with the SM.
The Feynman rules for the couplings of the decay H; — Zvy
are given in Table 1, 2, 3 and 4.

Table 1: Feynman rules for couplings of Z boson to two fermions.

Vertex gL gR
Z€qea % + S%/V S%/V
ZyEqEa i %s%%v 1%,
Zytqta 5~ ESIQ/V —%s%v
Zuata | 17 e | 1%
ZuUaUa I8 [ =ik

Table 2: Feynman rules for couplings of the SM-like Higgs boson to two
fermions and Feynman rules for couplings of a photon to gauge boson
(charge Higgs) and gauge boson (charge Higgs).

Vertex Coupling
Hifafa PR
Hzfafa —ig
H\FF — e
HyFF it

AFHTH- ie(pyrt —py-)

+1/2 ,,—1/2 .
vt ie/2 Pyti/2 =Pz

+1/2,,—-1/2 .
ARHSYPHSYE | ie)2 pHil/Z—pH;ﬂ)

7ie/2ruu>\(1’07 P+,P—)
—ie/2T ux (Po, p+,P—)
—ieFH,,A(po,p+,p7)

ARy L 2vy —1/2X
Any 120y 1720
APW YW=

In here a new notation is T'yx(po,p4,p-) = (po —

P )AGuw + P+ =P-)ugur+(P— —Po)ygayu, Where all momenta
are incoming, and po + are respective momenta of h and
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Table 3: Feynman rules for couplings of a neutral Higgs to gauge boson.

Vertex Coupling
H1H1ﬂ/2v¥1/2“ Fig <PH1 - pH:tl/:?) (2”‘*‘“[(""“)
1 u
+1/2 a— a
HyHyAVE2 | g <pH2 PHi1/2> (‘f”"s Zsxe )
1
@
H HEY2vF2m | Fig <le _pHi1/2> (25)‘5“*‘“"”“)
2
u
Hs ]_]il/2 IF1/2p Fig <pH pHi1/2> (ICXS(I*QSXCQ)
2 u
HWTFW =Y —igmw Caguv
HyW TFWY gMmW Saguv
H v/ 20y -1/2v ig? (Qus,, fm“)y,w
HoV+1/20y~1/2v ig? (Quea+ 2175&) G
Hy v/ 26y —-1/2v ig? (zus(,—fuc,,>gw
HoV/+1/26y1—1/2v ig (2uo0+4fusa> G
H{HTH— —[2v/2X1cav — saA13u + fsa]
HoHTH- [2V2X\ 1500 — caA13u + fca)
Hlel 2H;1 2 —[Qﬁklcg(ca@ — 23(13%()\3u
—)\zg(saciu — ﬁcasiv) — ﬁfsxcxca]
HQHiH 2H;1 2 [2\/5)\1(33(5.11) - ZCQSE(/\gu
_>\23(CaC§(U - \@Sasg(’u) — ﬁfsxcxsa]
H1H2+1 ZHQ 1/2 —[2\/5)\10%(0&1) — 25as§(>\3u
—Xa3(sacku— \/§cas§<v) —V2fsxcxcal
HzH;l 2H;l 2 [2\/5/\16%(5511) — QCas%()\gu
—Agg(caci‘;(u - \@sas?xw) - ﬁfsxcxsa]

Table 4: Feynman rules for couplings of the Z boson to two charge Higgs.

Vertex Coupling
2 2
+- ; _ ‘w—Sw
ZuH{ Hy{ 9 (pH;r pr)u ( Zew >
+1/2 ,,—1/2 . s c2, —c s,
ZuHy Hy g (PHlJrl/z _le’l/2> (%WXW
u
+1/2 g 71/2 . sk chy—ck sy
ZuH, 19 (PH;1/2 -p 4/:)}‘ (W

172
Zqur v1/2) Lg ving

+1/2y,1—1/2x
ZuH, v/=1/ 71g 'Uqguk

Z,HTW™

z,V 1/2vy—1/23 ig/2cw Ty (po, Py, P—)

2,V 2y 1A ig/2cwT ua(P0, P+, P-)

ZWTwWA igew Tyuwa(Po, P+, P-)

charged gauge and Higgs bosons with electric charges +0Q).
The decay Hy — Zr is determined by

I38L(H) — Z7)
F331 ’

m2 3
1— Z F331 2 11
m%ﬂ > | 21 ‘ ) ( )

Br**(H, = Zv) =

mS
F331 H V4 _ H,
(Hy — Zv) B

where I'}! is the total decay width of the SM-like Higgs boson
Hy, and F331(H — Z7) is the partial decay width predict
by the simplest 3-3-1 model. The form factor F3P! and Fg™
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Fig. 1: One-loop diagrams contributing to the decay H; — Z~
in the unitray gauge. Notations f; ;, S; ; and V; ; are
fermions, Higgs, and gauge bosons, respectively.

are written as

331 331 331
B = Py, t+ iy,
331 331
+ Fy F1vs,,+Flsv,,
M= Fﬁ%ﬁFﬁ“} (12)

where particular contributions are derived based on the general
formulas in Ref. [5], namely

eQs N.KI{T
F3dh = —% [16 (C12 + Caz. + Co) + 4C¢],
Fiyss = Kins x [W(Cra + O + o)), S = H JHEY,
2(4m% — m2)C
F331:KC><|:( GQZ)O:|+
mg
2mz + m% )(2m2 — m?
i [ G )ong ) )
mg
X [(Cr2 + Coz + Cy)],
P ev2¢*myz  ex(2sx5a + V2exca)
2LVSS = T {62 x 1
X {2 (1 + 71”8 tm > (Ci2 + Coo + 02)}
mi
N ev2¢*my  ex(2sx5a + V2cxca) "
1672 4
X [4(01 +Cy + Co)] R
FEL L~ evV2¢Pmyz  ex(2sxsa + V2exca)
2LSVV = T 62 X 1
s
—m? + m?
X {2 (1 + %) (Cr2 + Cyo + 02)}
my
eV2g*my " ex(2sx8a +V2¢cxcq) "
1672 4
X [4(01 + 02)] s (13)
where G = W,V,V’' are gauge bosons; K{ZVRR
_gm?c,1

<Tf3 - QS%VQf> for fermions in SM, m%, sqsfy/u

2mw
for new lepton E,, and mf; sqsfy/(3u) for new quark U,.
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Other factors are

K B AHlH}1/22 eg(—cgfs%v + sg(c%v)
HHY ™ 1672 2w ’
i ~ Ammt 2eg(1 — 25%4,)
L T 2w
2eg? ey m ca
Ky — — 229 W a
W 1672
3
eg’ew (2usy — \/Evca)
Ky =Ky = 14
1% v 1282 (14)
Notations Cp;;; with 4,7 = 1,2 are Passarino-Veltman

functions, see analytic formulas in Ref. [5]. The signal strength
of the decay is

Br*¥ (H, — Z~)
BrSM(H; — Zv)"

3 = ¥ (pp — H1)
717 oSM(pp — H)

(15)

In order to numerically investigate the decay of the SM-like
Higgs boson H; — Z~, we will use the following well-known
experimental parameters as in [2]. In the SM, Br*™M(H, —
Z7y) ~1.57x 1073 and I ~ 4,07.107° GeV with mp, =
125.1 GeV. Let us investigate the effect of self-couplings
A1,12 on the signal strength iz, in the simplest 3-3-1 model.
We will investigate 1z, case Ay = 1,A\j2 = —1 and A\ =
1, 12 = —0.5.

Numerical illustrations for ,w?vl in the simplest 3-3-1 model
are shown in Fig. 2. The numerical survey results show that

s T 05 1
My [TeV] mye [TeV]

Fig. 2: The signal strength 43 in the simplest in case

)\1 = 17 )\12 = —land)\l = 17)\12 = —-0.5

there are two important features of p1z.. Firstly, pz always
returns the value of the SM when |A9] is large enough. And
secondly, 117, depends very strongly on A1. Namely, with large
value of A; will allow pz, < 1 and big difference compared
to that of the SM’s value.

III. CONCLUSIONS

In the simplest 3-3-1 model, the signal strength of the
decay H; — Z~ was investigated in the range from 100
GeV to O(10) TeV of the charged Higgs mass mpy+. The
Br(H, — Z~) is the same as the SM prediction at large
mpy+. On the other hand, small mpy=+ predicts pz, < 1,
implying that the signal of this decay channel is difficult to
observe in future experiments, where the recent upper bound
is 1z, < 6. But these results have not been surveyed in all
regions of the parameter space of model.
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QUA TRINH PHAN RA CUA HAT HIGGS BOSON TUA
MO HINH CHUAN H, — Z~ TRONG MO HINH 3-3-1
TOI GIAN

Tom tdt - Sy phan ra cla Higgs boson H; — Z~ dudc nghién
ctu trong md hinh 3-3-1 t&i gian. Cong thic giai tich cho
déng gbp bac 1 vong duge xdy dung dua trén cic két qui
tong quét da dugc gidi thiéu. Chiing toi s& chi ra rang céc hat
méi duge dy dodn bdi md hinh 3-3-1 t&i gidn c6 thé c6 nhiing
anh hudng dang k€ dén sy phan ri nay ciia Higgs boson tua
md hinh chudn. Tir két qua gidi sb, mot sb két qua cu thé va
didc diém cla kénh ri nay cling s& dugc trinh bay. Ching c6
thé cin thiét d€ so sdnh véi cac két qui cda thyc nghiém s&
dugc phat hién trong tuong lai.
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