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ABSTRACT
According to the framework of SU(2); ® SU(2), ® U(1)y Model (2-2-1 model), W;* (be
like W* in the standard model), and W,*, Z' decays will be discussed. The W;* decay width is
equal to 2.1 GeV, consistently to SM and experimental data. The W,* decay width is very large, in
which the main contribution to this decay is the channel containing exotic quarks. Furthermore, it

is found that the lepton rate decay of Z' accounts for the bulk.
Keywords: weak decays, Extensions of SM, SM.

1. Introduction

The standard model (SM) has many successes in explaining physical phenomena at
100 GeV. However, this model still has many shortcomings, such as the inability to
explain the material-antimatter asymmetry phenomenon or the matter of dark matter.
Therefore, extending this model is a necessity.

Weak interactions are known as the swaps via Z° and W*. These two bosons are
fully covered in SM. However, at the energy scale larger than 200 GeV, weak interactions
may occur throughout new bosons which can be described in the extended SM.

The SU(2), ® SU(2), ® U(1)y Model (2-2-1 model) is one extension of SM,
which has the simplest group structure. However, there are three coupling constants, three
VEVs; two exotic quarks which are in a doublet of SU(2), group; one new charged and
one new neutral gauge bosons which are larger than 1.7 TeV (Chuan-Hung Chen and Takaaki
Nomura, 2017). This model has two new gauge bosons which can play an essential role in
the early universe.

The non-SM particles, such as Z’ is searched by LHC, whose estimating mass is
about a few TeV. The decay channel of this new particle is also an interesting concern and
calculated. However, in different models, the decay channels are different, because of their
interactions with SM particles.

Researchers work with the 2-2-1 model, find the vertex coefficients in the possible
decay channels of the two new propagators (Z’, W>) and then calculate their decay width.
These decay channels are the signals of the weak interaction in the TeV scale, larger than
the energy scale in SM, 200GeV. After calculating these decay channels, we can know
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which is dominant and give experiment the range to look for signals of new particles, or
when calculating the higher loop of interaction, we can choose which new particles
contribute.

This article is organized as follows. In Sect.2, a short review of the 2-2-1 model. In
Sect.3 and 4, We show and calculate the channels of W2 and Z' which are the new signals
of weak interaction at the 1-TeV scale. Finally, in Sect.5, we summarize and discuss these
decay.

2. Review on 2-2-1 model

In this model, the SM gauge symmetry is extended to the 2-2-1 model, including the
particles of the SM and some new particles. The SM particles belong to the representations
of SU(2); ® U(1), and are singlets of SU(2),. Some new particles include Higgs
doublets of SU(2),, Higgs singlet S’ and vector-like quarks (VLQ) doublets of

SU(2),,Q'" = (U',D"). The electric charge operator @ = Y + T2 + v, with TSM? =
% and o3 is Pauli matrix.

To clarify, the explicit representations of the particle generations in this model which
include the particles in the standard model and the new particles are recorded as follows

ot=():) ()
= (G

Ur = Ug; Cr; tg

Dg = dg;sg;bg

En = ep;UniTr -

The particles in the new model include VLQ, Higgs H, doublet, and S’ singlet.
Unlike the standard model, VLQ doublet in this model includes both the left and right
polarizations.

UI
QL imy =\ :
L(R) (D )L(R)
The covariant derivative is as
D, =0, —igiTP A%, — igyYB,, 1)

where g; and A7, (@ = 1,3) are the gauge coupling and gauge field of SU(2);. gy and B,
are coupling and gauge field of U(1),. Ta("): % and o, are the Pauli matrices. Y is the

hypercharge of a particle. When SU(2); ® SU(2), @ U(1)y group breaks down to

U(1)y, the gauge fields A},, A3, and B, of U(1)y will be mixed so that we have two
massive neutral gauge bosons Z and Z' and one massless photon. Moreover, we obtain

charged gauge field W,™ and W," which are defined by W;* = (A} F A?)IV2.
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The new Yukawa interaction is written following as:

L= [_YFEL'Q’RSI - YbaL'szR - YtasztR - w@LIQ’R + h. C], )
only quarks t and b in the standard model are coupled the VLQs in Yukawa interaction.
The Higgs potential has two doublets; H, is the SM Higgs doublet and H, is heavy

Higgs doublet of SU,(2),

V(Hy Hy, S = ) [WpH] Hy+ A(H] Hi)?] + S + 25"

i=12

+1sS"> + 5'(#1SHIH1 + IlsterHz)

+/112H;FH1H2TH2 + /1155'2H1TH1 + AZSSIZHZTHZ! 3)
Gt
L
Hl = vi+hi+iGiO
7/ @)
; _ VUs+S
S’ = R

where Gii'0 are unphysical Nambu-Goldstone bosons and h,,, S are the physical scalar

bosons.

Table 1. Masses of bosons and fermions in the 2-2-1 model

Particles m?(v,v,,vg)
ma/i 7202
! 4
ma/: g22v§
’ 4
2 _ 2 2
mz,—mz (g2+g/2)v_
4
4
mj,~mj, 1g""v? + g3v3
2 2
4 g;-9
2 _ 2 2
my = ‘rnh1 2/11‘17
2 _ 2 2
my = my, 22,3
2 _ 2 2 2
my, = mg 2, SHsVUs 15V + UpsV)
2/15175 + -
22 220
2 2,2
my fev
2 2 — o2 Yr
2 02 _— 02 YFr
mpg mD' —mQ (mw +Ev5)2
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3. Wj and W5 Decay

the mixing between VLQ and SM-quarks will be not considered. In order to calculate
the scattering vertex factor of fermions with Wi~ and W, we base on the Lagrangian,

Lfermions = Z i@L’RyuDuQL,R + Z izfyuDuLf-
f f

A Vertex
Wi —e+v, A A )
Wi > p+v, —i = —yy®)
W -t+7; _if_lﬁ(yu —y4y5)
Wi >d+u ~1 Va0 = v*y®)
Wi —»s+u ~i5 B Vus O = v*y®)
Wi —>b+a —1E Vi (r* = v#y°)
Wi ~d+c —iVear* = y*y®)

Wi =s+e ~iEVes (r* = yy®)
Wi-b+e —i Ve (F* = v*y®)
Wy >D +T 192
V2

According to the Golden rule for 2-body decays in the CM frame (see detail in C.

Patrignani et al., 2016; D.Bardin and G.Passarino, 1999), the decay width is

kN¢c

l—‘W—>m1+m2 = m |MW—>m1+m2|27 (5)

where k is the momentum of m, and m,, and c=1 (in ‘Godiven’ unit). Besides, we
consider in the CM frame and obtain as,

_ 2 1 [—(mZ-m2)?

My |2 = a2 & [E2 =3 (FUE —mz —m2), (6)
_2 2 1 _( 2_ 2)2

My pragrl® = % [EZ _E(—szzml —m3 — mf) + 3m2m1], (7)

with E = My,-, a is the factor that depends on m; and m, (a=1 for leptons, a = V;; for
quarks), V;; is obtained from the experimental value (C. Patrignani et al., 2016),

0.97434 0.22506 0.00357
Vi;| = <o.22492 0.97351 0.0411 )
0.00875 0.0403 0.99915
In Eq. (5), the decay widths are calculated in tree order so we need to add QCD

corrections. Finally, the formula for decay widths is obtained,

(8)
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— as
Tw, = (FW1_—>e+Ve +Twropsy, + FW1_—>T+VT) (1 + ;)

2a¢
+(FW1_—>d+ﬁ + Twrosta ¥ Twyopea ¥ Twyoare T lwposee + FW1_—>b+c') (1 + —) N,

3w
=2.108 GeV, )
Iy, = (FWZ_—>e+Ve *+ Loy, + FWZ_—>T+V-,) (1 + %)
s praT7 (1 + 20(5) N,
where, ag=a,(Mw)=0.1255 (C. Patrignani et al., 2016) and
N, = 1;lepton

2 2(n2 3 (2 10

N, =3 (1 + “s(j:lw) 4+ 1-4052;(Mw) 4+ 12-7722(Mw)) . quark (10)

In case my, =17TeV ,my =my =750 GeV and g, =2, we obtain I, =
15.07243 GeV'.
4. 7' Decay

The branch decay width of Z’' — X; X, is given rule (S. M. Boucenna, A. Celis, J.
Fuentes-Martin, A. Vicente and J. Virto, 2016a; 2016b),

2 2.2
l(mz,,ml,mz)

— [M|?, (11)

16mm?,
Z
with |M|? is the average value of square amplitude respectively, m, , is mass of two
particles at final state, and
A(mZ,m2,m2) =mi +mi +mi — 2(mimZ + mimi, +mim?). (12)
1,M2

We set x; , = 722 and obtain
mgr

\/A(mé,m%,mﬁ) = \/mg,[l +xf +xg —2(x7 +x% + xx2)] = mZ, 21,22 x2).  (13)
The Eq. (11) is written as follows:
r= M| M2, (14)

161Tm !

=

|M|? Z'ff) = 3 |gz'| mé'{lszngﬂfz + (g7 + g2 — x7 — 2 — (xf — x5)?1}1,(15)

where, f =v,, e, q are fermions in SM. x; = x, = xf = m—f with fermions are slighter
ZI

than quarks top, the decay width (Z’ — ff) is calculated in SM with x; =x, =0, g, =
Zand|g'[1” + 19’71 = 19"} 1” + 1941,

Iz - ff) = ”;f,;”z 9’012 +19512). (16)
Mz - i) =572 (g'y 12 + 19/ 1)@ - x). (17)

Quark top has x; = x, = m—, where m, = 173.21GeV. Within limit s, = 0,c,; = 1.
ZI

2
We have the interaction coupling in table 2 with ty = "= and s;* = 0, 5" = s = 0.3.
ote
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Table2.g', and g’ inlimitc; = 1,5, = 0,5;”=0

f gy 9, g’y 1> +1g',I?
Vi =Veur %Swtg %Swtg %S&Vté
l= eut %Sth —%Swtg ES%/té
uc %sttg %Sth 1—;swt§
ds lsth -%Swtg Eswtg
t (sR)*G —358) 0 (s8)*G — 259 3
1 s
° (SR)Z(__ § ) 9‘1/9 0 (SR)4(__+ )2 SW
Finally, the decay width for the different decay modes are:
2 !
Iz -w)=2= mzz x ~SEt3, (18)
, 5
r(z-m= CZ%V x ~siyt3, (19)
[(Z' - tu,tc) = — Z' £ x %swte, (20)
, gimyr
r(z' - dd,ss) == Eswté, (21)
I T\ gz 1
Iz -1t = zz x (Sﬁ)“(; )2 o (1_Xt) (22)
Mz - bb) = L2 x (sh)'(—5 + - x3). (23)
Besides (Z' - Z h), an important decay, we have
Ileh = CZ'ZhguVS‘Z)'S;uy
Min = CoranBur s €h
o2 =1 2 — 2
Mz |* = 3 [Mzn|* = ICz znl? [2+ 2(1+X (24)

. m
with x, , = —2£

5. S0, the decay width Z' — Zh is

1
xZ)[2xZ +2 L+ 22 - x)?].

tyt - . .
and vertex factor c,r,, = *-%=% Where ¢* is orthogonal polarization

(25)

The last is the decay (Z' - W*W~) with the average value of decay square

mZ/
vector and g, (p)e(p) = — p”pv
128 p 4 p gHV (M
9*thytgm, 1
[(Z' - Zh) = 29072 /12(1,x,21,
1921
amplitude
Mzw+w- = Cowrw- Fwaeﬂ,e;l‘,ﬁref/‘,}x—,
* — * ﬂ v !
My - = CZ/W+W Fu'v'a'gz' EWJrEI%/—y
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My, |? = g |MZW|2 = §| Corwtw- |2m§,/1(1,x5,,,xﬁ,)(1 + 20xZ, + 12x,),  (26)

Z
where xy, = ::—W and
ZI

2
2 - S2z Mz12, _ .2 2
eI = gewsz = gew <2 ~ gey x "B = gty x 23, 27)
z

We get approximate to o(x3,) if m2, > m2, so the decay width Z' - W*W~ is

_ 9%swtgmy 2 Vs o 4 2 4
Lprowrw- =" % (L= xy)z X xy (1 + 20x + 12xy), (28)

with A(1, x%, x2,) = 1 — 4x3,.
The total decay width of Z’, T,» is calculated by summing all the decay width above.
The result obtain as:
I, =30(Z" - ) +31(Z' > 1)+ 2I'(Z' > au) + 2I(Z' > dd) + T(Z' > tt)
+T(Z' > bb) +T(Z' > Zh) +T(Z' > W*W ™). (29)
The branching ratios is
F(z'-xv)

Ty

If we assume M, =17 TeV, Sy =03, g, =2, Br(Z' - 1l)~0.1, Br(Z' -
Zh) = 0.001, Br(Z' -» WW) ~ 1078.
5. Conclusion & discussion

the Z' and Wy, W, decays are performed in the 2-2-1 model. The decay width of W,
is the same as in SM, about 2.108 GeV. The Z’ decays mostly lepton, therefore, we can
seek for its signal in the lepton interactions.

Decay width of particle has a huge effect on the transfer functions of force carriers.
The larger the decay width of a particle is, the shorter its lifetime gets. For that reason,
detecting them in a low energy scale is a difficult task. However, the signals of those kinds
of particles can be found by LHC because its scale is about a few TeV.

In this model, there is the mixing between exotic quarks and the existence of FCNC,
therefore, will not be considered. In the future, we will work with these problems.

Br(Z' - XY) = (30)
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TOM TAT

Theo mé hinh SU(2); ® SU(2), @ U(1)y (md hinh 2-2-1), phan rd W, (giong nhw
W™ trong md hinh chudn) va W=, Z' sé dwoc nghién cteu. Bé rong phan rd Wt bang 2,1 GeV,
phU hop véi SM va dit liéu thir nghiém. Bé réng phan r& W= rdt Ién ma dong gop chinh cho su
phan ra nay 1a kénh chita cdc quark ngogi lai. Hon nita, nghién ciru cho thdy rdng ti 1é ra nhanh
lepton ciia Z’ chiém phan Ién.

Tir khéa: phan ra yéu, mo rong md hinh chuén, mé hinh chuan.
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