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In this article, some probabilistic models for Al are presented. Using Bayesian models
and linear regression models we could make predictions in medicine as well as production
and business. At the same time given models claim effective applications of Al technology.
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MOT SO MO HINH XAC SUAT CHO TRi TUE NHAN TAO
Tom tit: Trong bai bdo nay ching ta sé trinh bay mét vai mé hinh xdc sudt dirge dp dung
trong AL D6 la cdc mé hinh Bayes va hoi quy tuyén tinh. Céc vi du ciing dwegc duwa ra dé
minh hoa cho tieng mo hinh.
Tir khéa: M6 hinh xdc sudt, tri tué nhdn tao, cong thitc Bayes, mang Bayes, mé hinh hoi
quy tuyén tinh.
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GAUGE SECTOR OF THE MINIMAL 3-3-1-1 MODEL
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Abstract: In this work, we consider the gauge boson sector of the minimal 3-3-1-1 model.
We identify the standard model gauge bosons and the new gauge particles. We prove that
the number of the massive gauge bosons match those of the Goldstone bosons, leaving only
photon and gluon massless. The dark matter vector is discussed.

PACS numbers: 12.60.-i
Keywords: Dark matter, 3-3-1-1 model.

Received: 22 March 2020
Accepted for publication: 20 April 2020
Email: tphongvltckt@yahoo.com

1. INTRODUCTION

The standard model cannot explain the neutrino masses and the dark matter abundance

of the universe [1]. The new approaches based on the 3-3-1-1 symmetry not only address
such questions but also yield interested novel consequences [2, 3].
Yet, the gauge sector of the minimal 3-3-1-1 model was not investigated. In this work, we
diagonalize the relevant gauge sector and prove that it contains appropriate gauge spectrum
of the standard model. Additionally, the new gauge bosons are obtained, attracting attention
at the current colliders.

In Sec. 11, we introduce the minimal 3-3-1-1 model. In Sec. III, we diagonalize the gauge
sector, identifying relevant mass spectrum. We conclude this work in Sec. IV.

2. CONTENT
2.1. Minimal 3-3-1-1 model
The gauge symmetry is given by,
SUB)c  SUB)L. Ul)x U, (1)

which is an extension of the 3-3-1 model [6—8] by supposing that B — L closes algebraically
with SU(3)L[2, 3]. The electric charge is obtained as
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= -3 + (2)

corresponding to the minimal fermion content of the minimal 3-3-1 model [6]. For the
minimal fermion content, the baryon minus lepton number is embedded as

- ==~ 4+ (3)
After symmetry breaking, a matter parity arises to be
P=(1¢ ) “)

Under the 3-3-1-1 symmetry, the mentioned fermion representations are

VoL
¢GL = €al, ~ (15310, —1/3): Var ™ (111107_1)5 (5)
€aR
dor usL
Qor = | —var | ~(3,3",-1/3,-1/3), Qar=| dg | ~(3,3,2/3,1), (6)
Jor J3r,
ur  (3,1,2/3,1/3), dar  (3,1,-1/3,1/3), (7)
Jur  (3,1,—4/3,—5/3),J3r  (3,1,5/3,7/3), (8)

which is sufficient for the anomaly cancellation [4, 5].
To break the 3-3-1-1 symmetry, we introduce the following scalars,

0 +
M P1
n=|n | ~01302/3), p=| g [~(1312/3), ©)
3 3t
- ]
x=\|x | ~03-1,-4/3), ¢~(1,1,0,2), (10)
X3

with vacuum expectative values,
u 0 0

1 |
(n) = vALAE (p) = Al (x) = vARAL (0) = EA (11)
0 0 w

The total Lagrangian is given by
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L = Y Fiy"DuF + 3 (D"S)(Du8) ~V + Ly
F S

X (12)
_E(G‘ileéw + AiuuAIiJV + B/JI/B“V + C“VC#‘V)

where F and S indicate to the fermion multiplets and scalar multiplets, respectively. The
covariant derivative takes the form,

Dy = 0y + igitiGiy + igTidiy + igxXB, + ignNCy, (13)
where (ti, Ti, X, N), (gs, g, gx, gn), and (Gi, Aj, B, C) denote the generators, gauge

couplingconstants, and gauge bosons of the 3-3-1-1 groups, respectively. The field strength
tensors are

Giuv = ouGiv — ovGiu — gsfijkGjuGkv, (14)
Aiuv = oudiv — ovAiu — gfijkAjudky, (15)
Buv =0uBv — ovBu,  Cuv =0ouCv — ovCu, (16)

where fij is the fine structure constant of SU(3) group.

Since the Yukawa Lagrangian and scalar potential are not investigated in this work, they
are being skipped.

2.2. Gauge spectrum

In this section, let us consider the gauge boson spectrum. The gauge bosons obtain
masses when the scalar fields develop VEVs. Therefore, the mass Lagrangian of the gauge
bosons is given by

= )+ 7
Where
Dyu(n) = (Op +igsGipti + igAiT; + igx BuX + ignCuN)(n)
. Asp + Ay + 5tnCy

= - (18)

T2y V2,

v2x;)
Where =— (19)

And
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Al,t:FiA24 A41:|:’I:A5 A()'l:l:’iA—{l
wt = D T2 etk PAp T 000yt 6 f
H \/5 ? 1 \/ﬁ ? Iz \/5
\/EW'}T (20)
igu
Dlz<p> - 2\/§ —A3;1 + %Ag,t + 215)(3,, -+ %tNCﬂ
V2Y,
in which = —
V2X,
1gw
Du{x) = m \/iYu__ 1)
— G Asu — 2tx By — §tn O
Dy{¢) = V2igtyCy,A. (22)

Combining (17), (18), (20), (21) and (22), we have
2,2
g u - - 1
= T[?I‘i":IV’ +2XFXHT + (A + 73
2,2 1

qg-v — ——
+T[2W/,+W +2Y, YR 4 (A, + 7

4
AS/L + gtNC[l)Q]

1
AB/A + QtXB“ + gtNC[A)z]

gw? ot p— +yu—— 2 8 g
+ 5 22X, XFT 2V, 7Y R 4 (—%AS,A —2txB, — 5tNC,,) ]
+2¢*t3 A*C,,C*

- + 23)

The mass Lagrangian of the charged scalars is written as

92“2 17— + v u—
= S (@WIWHT 42X X
9202
+— (W WHT 42y Yy r—)
8 I H
S (24)
J + yvu— +4+ypu——
+og - RX XM 2y )

2 9 ,
= %(71,2 4 'I)Q)I’V:LVN_ + %(“2 + 7”2)X:_X“_ n %(1)2 + /IUZ)Y;—_'_YM__

The gauge bosons W*, X*and Y by themselves are physical fields with the respective
masses,

9 s ¢ s 90
m%‘v = Z(U2 - 02) m‘ZY = Z(UQ + wz), mf,— = Z(v2 + w2) (25)
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Note that the mass of W boson implies u? + 0% = vy = (246 GeV)%. Due to the
conditions,” > U~V we have "W < MX ZTY = ey The X and Y are new gauge

bosons with the large masses given in w scale.

The mass Lagrangian of the neutral scalar fields is written as

2 2
Eneut.ra.l — (u2+v2)%A§u+(,&2_'_,”2_'_4,”)2)%}12

mass

2 2
g 29
+(v? + wz)?tE(Bﬁ + (u? 4+ v+ 4w? + QAZ)T%CE

2 2 g 292 2 2 g
+(u — )mAm_,,Agp — ?tXA&UfB# =+ (u — )EtNA3uCp:
g° g
+(v? + 2w?) = —tx Ag, By + (u? + v? + 4w?) =—tnA35,C,
2v/3 3v3 (26)

2 2
A5
Ay
BH
Ce

= %(AM As, By C, ) M?

The squared mass matrix of neutral gauge bosons is found to be,

b - 2 2 2 2

(w? +0?) % (u2—12)4‘i/_ -2 L tx (u? —v?) Lty

2 2 2 2
2 _ .2\ 9% 2,2 2 2\ 9> 4 2,2 2\ 9% 4
1\12 B (u 12)4 z (u®+1 + 4w? ) (v° + 2u )2\/§t-\ (u® +v* + 4w 2)3\/§t_‘\ . (27)
—vi&tx (v? +2u? ),M (v +w?)g?t% (v? +20?) 2ty ty
2
2

2
(u? —v )%t_w (u? + v? + 4w?) \/_t\ (1‘2+2u'2)2%txt_\~ (u? + v? + 4uw? -{—9;\2)%1‘?\,

The neutral gauge bosons (As,,Asy,B,,C) mix via the mass matrix M2, It is easily
checked that M? has a zero eigenvalue (the photon mass) and respective eigenstate
independent of VEVs as follows,

m%4 =0 V3t A ! B
mj = U, 8 L - H 2
,/1+1f2 ,/1+112, \/1+4t§( (8)
qwhere, = ~—~ = _~ 1—4 ,withsw=¢/ g is the sine of the Weinberg angle.
The Eq (28) can be rewritten as
‘ tx 3t
‘mf‘ =0, A,= X A;ﬂ V3tx Agy +

1+ 483 ,/1+4t2 (28)

= + (V3 + 1-3 (29)
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— (or =—V + )

The remaining states of the boson in the standard model Z and the new bosons 7 and C are

Z, = cwAsuy — sw(—V3twAs, + /1 — 33, B, (30)
Zn = Cy. (32)

The mass matrix M? can be diagonalized via several steps. In the first step, we change
the basis to (434,45, By, Cu) — (4,2,2°,C),

Aszy A sw cw 0 0
AS_u U Z o —\/ESW \/@SWIEW 4/ 1— Bt%V 0 (33)
— K] ’ L= .
i z' ewy/1—38t%, —sw4/1—3t%, V3tw 0
C, c 0 0 0 1
In this new basis, the mass matrix M? becomes
2 Tar2 0
M*=U; M~U; = A (34)
0 M?
Where
) m2
my My, My
2 _ T a2 _ 2 2 2 — 2
A[s = U] A[ Ul — mZZ, 77121 ‘nIZ'C =9 X
2 2 2
771ZC m Ve THC
wl+v? (1—4s3, Ju?— (1425, )v? (u?2—v?)ty (35)
deyy —1\/5(!‘2‘, \/1—4s%r 3ew
(1—4s3, )u?—(1+2s%, )v? (1—-’13"5‘,)2u“’—l—(1+?3%v)‘21!2+1f%‘v w?  tn[(1-4sF, )u?+ (14253, )v? +4c,w?]
4\/§C%1, \/l——lsa- 12(1*4‘9%1‘)(’12[' 3\/§CW \/1—48%\,
(u?—v?)ty tn[(1—4s ) u+ (14253 o2 +4cd, w?] ) 2, 42 21,2
R r— s(u® + v* 4+ 4w* + 9N t5,
3ew 3V3Bew /1-4s3, ol )t

. 2 2 2 2 2 2 :
In the limit,u,v < A,w_ we have Mz Mzz Mz < Mz Mzic, Mo Hence, in the
second step, the mass matrix M% can be diagonalized by using seesaw formula to separate

the light state (Z) from the heavy states (Z°,C). We denote the new basis as (4 21 Z, C1) so
that A,Z; are physical fields and decoupled while the rest mix,
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A A
0 0 0
A Z1
= U2 3 Mﬂz = Ung2U2 = 0 m% 0 3 (36)
z' z :
0 0 MP”?
C C
Where
2 2 2
. Mo, MMy . . Mo o
]\[;'2 = ‘A AF , mzzl ~ 71122 - & {A (37)
mZZ,C m é mZZC

The myz; is the mass of Z; light state, while M? is the mass sub-matrix of Z1: C1 heavy states.

By the virtue of seesaw approximation, we have

1 0 0 s, \ !
m%, m3,
Uzg~10 1 &1, &€= ( m%z, m%c ) 7 71¢ (38)

2 2
m v m~
7 Z'C C
0 =T 1

The E is a two-component vector given by
1 — 453, {4sf,w?(u? + v?) + 3A%[—u? + v2 + 2(2u? + v?) s, |}
g1~V - <1 (39)
4V3(1 — s, )2wA2
s¥, (u? + v?)
52 =~ 5 ~2/9 .
A(1 — 52,)32t Ny A2

<1, (40)

which are suppressed at the leading order u,v < A, w, When neglecting the mixing of
7,7° and C, mz; ' mz, we can identify Zy=27,21=Z7"and C, = C. For the final step, it is
easily to diagonalize M"* (or M) to obtain two remaining physical states, denoted by Z»
and Zn, such that

A A 100 O
Z Z 010 O
= ' , Us= ) (41)
z Zs 00 ¢ —se¢
Cl ZN 00 Se  C¢
0 0 0 0
2
m 0 0
M2 = UQ"’M”ZU;; — Zy (42)
m222 0
0 0 mEZN

The mixing angle and new masses are given by

2 /1 — 482 et yw?
_QmeO N ] 1 43W(=Wwa (43)

foy = ——2C_ o=
% mZ —m2, V3 12(1 — s )13 A2 + [28(1 — 4s3))t3%, — &, | w?
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2.2
w=ecy,

3(1 — 4s2,)

2 <
— 4(A2+é 2)f2 _ﬂ +%W
9N T 31 " as2) 271 —4s2, |’
W 4%

2.2
w=cyy

3(1 — 4s2))

2
+\/[4(A2 -+ éuﬂ)t?\, = ﬂ} + 64 C%Vt%vu’4)
9 3( .

2 g’ 2, 4 9 9
my, = 5 4(A +§w 1t +

(44)

g° 4
my, o = (4(A2 + 511)2)15?\, +

(45)

1 —4s%,) 271 — 4s3,

The Z2 and ZN are heavy particles with the masses in w scale.

The physical fields are related to the gauge states as

Asy A
A Z.

M=o T, U=, (46)
B, Zo

Cﬂ' Zn

sy cw ey (Eree + £a8e) ey (Eace — E18¢)

U s —\/ESW' \/gﬂwiw —El\fl—3ﬂ%V_ ‘/5(5105+5235)-9wa+65\!}—35%;; \/5(5265 —£1$E)SW5W —3“;1—3%{,
C'W\/'l—st%f —\/EE]_EW —Hw-\ﬁ'l—ﬂigv \/\iclsf.w —(EJ_CE +£23£)3“}'\/1—3t%’1{- —\/ﬁselw = (6255 —Elsﬁ)sw\/l—sf%—
] —52 BE CE

In the limit,{v*,v*}/{w”, A’} <1 and means that the standard model Z boson by itself
is a physical field Z' Z1 and do not mix with the new gauge bosons Z> .

The p-parameter (or Ap = p—1 used below) that is due to the contribution of the new
physics comes from the tree-level mixing of Z with Z° and C, which can be evaluated as [?]

2 2 2 2 2 T
A _ My my 1~ E(m%, m7yq) 47
(Bp)iree = c2.m? T m2 —€& (m? m2.)T o m2 (47)
Wz, 'z A ZC A

Here, notice that mw=cwmzand m’z m?2z0 m?zc. We get the deviation as

(1 —4sf)u? — (14 2sf)0%)? syl
(Ap)tree - «'1(:'&-1*%'{1!2 + (:‘ét. A2 (48)

We study the two (u,w) parameters in two cases A > wand A w, both cases are being
limited by the experimental Ap parameters 0.00016 < Ap <0.00064. The case A>> w yields
results similar to the 3-3-1 model [6]. In the case A w, we choose A = 2w, to the new
physics scale w > 1.4 TeV.

3. CONCLUSION

We have found that the W,Z1,A fields are the standard model gauge bosons. The fields
7Z>,7n and XY are new gauge bosons. There are 9 massive gauge bosons matching 9
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Goldstone bosons in the scalar sector. Constraint from the rho parameter yields that A w
TeV. Therefore, the new gauge bosons such as Z»,Zn and X,Y can be investigated by the
current colliders.
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CO CHE GAUGE CUA MO HINH 3-3-1-1 TOI THIEU

Tom tit: Trong bai bdo ndy, ching t6i nhdn dién mé hinh hat gauge chudn va céc hat
gauge mdi. Ta co thé phdn biét dwoc hat gauge chuan va hat gauge moi. Chung toi chung
minh rang s6 lwong cua hat gauge tring voi sé lwong cua hat Goldstone, chi dé lai hat
photon va gluon khéng khoi liwong do d6 vector vt cht toi dwoc thdo ludn.

PACS numbers: 12.60.-i
Tir khod: Vit chdt t6i, mé hinh 3-3-1-1.



