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Abstract: We propose a new model with flavor-dependent gauged U(1)p—r, XU(1)B—r,—1,; symmetry in addition

to the flavor-blind symmetry in the Standard Model. The model contains three right-handed neutrinos to cancel
gauge anomalies and several Higgs bosons to construct the measured fermion masses. We show the generic features

of the model and explore its phenomenology. In particular, we discuss the current bounds on the extra gauge bosons

from the K and B meson mixings as well as the LEP and LHC data, and focus on their contributions to the lepton

flavor violating processes of €511 —¢;y (i=1,2).
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1 Introduction

Two vector U(1) gauge bosons often appear in grand
unified theories (GUTSs) such as SO(10) gauged sym-
metry [1] when it spontaneously breaks down, when a
flavor-blind gauged U(1)p_; can be naturally induced
along with right-handed neutrinos. On the other hand,
flavor-dependent U(1) gauged symmetries are one of the
promising scenarios to explain several anomalies beyond
the Standard Model (SM), such as semi-leptonic decays
involving b — s¢/, the muon anomalous magnetic mo-
ment, and so on [2].

In this paper, we propose a new model which
contains two extra flavor-dependent gauge symmetries:
U(1)p—r,xU(1)p-1,-14, With the subscript numbers rep-
resenting family indices besides the flavor-blind SM one.
This type of the extension of the SM is, of course, diffi-
cult to embed into a larger group such as GUTs. But,
due to the flavor dependence, there exist flavor changing
processes via vector gauge bosons, resulting in slightly
different signatures from typical gauged symmetries such
as the flavor-blind U(1)z_;, models.

DOI: 10.1088/1674-1137/42/12/123106

This paper is organized as follows. In Section 2, we
first construct our model by showing its field contents
and their charge assignments, and then give the concrete
renormalizable Lagrangian with scalar and vector gauge
boson sectors. After that, we discuss the phenomenology,
including the interaction terms, the bounds from the K
and B meson mixings, the LEP [3] and LHC [4] experi-
ments, and lepton flavor violations (LFVs). In Section 3,
we perform numerical analysis. In Section 4, we extend
our model to explain several anomalies indicated by cur-
rent experiments. Finally, we conclude in Section 5 with
some discussion.

2 Model setup and phenomenology

First of all, we impose two additional U(1)p_r, X
U(1)p_r,-1, gauge symmetries by including three right-
handed neutral fermions Ng, , ,, with the subscripts rep-
resenting the family indices. The field contents of the
fermions and scalar bosons are given in Tables 1 and
2 respectively. Then, the anomaly cancellations among

Uy, UMsor,, UMb r, 1y U)B-ry-1s
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Table 1. Field contents of fermions and their charge assignments under SU(3)c x SU(2)r xU(1)y xU(1)p—r, X
U(1)B—1,—L5, where the subscripts 1 and i=2,3 correspond to the family indices.

Fermions Qr, Qr, UR, UR, dpr, dr, Lyp, Lp, eRr, €eR; Ngr, Ng,
SU@B3)o 3 3 3 3 3 3 1 1 1 1 1 1
SU@2)r 2 2 1 1 1 1 2 1 1 1 1
Uy D s B T T e R N
U)g—1, 1 0 1 0 z 0 -1 0 -1 0 -1 0
U)B—Ly—1s 0 1 0 % 0 % 0 -1 0 -1 0 -1

UM)s_ ., UQ)y, UQ)p_, U)5, UN)g_ 1, ., U(1)y,  while H, is another isospin doublet scalar boson, which
Ul)p-r,-1,U(1)} are the same as the typical sin-  plays a role in providing the mixings of the 1-2 and 1-3
gle flavor-independent gauged U(1)p_;, symmetry, while  components in the CKM matrix, as we will see below.
those from U(1)p_r, xU(1)%_,, ., and U(1)3_, x  Under these symmetries, the renormalizable Lagrangian
U(l)p-r,-1, are automatically cancelled because the  for the quark and lepton sectors and scalar potential are
two additional charge assignments are orthogonal to each ~ given by:

other. In Table 2, H; is expected to be the SM Higgs,|

—L=y,Q, Hyug, FYu,, QLifﬂURj + Yy Qr, Hyup,+yaQr, Hidg, +Ya,, Qr, Hidr, +Ya,, Qr, Hadp,
+quL1 glNRl TYuy; ELiHINRj +yzflL1 Hieg, Y, ELiHleRj

1 - 1, _ _
+§y1\7” (plNglNRJ—ngNl (’Oz(Ngl NR,L+N1§1NR1)+hC7 (1)
2
1
V:%Ifh 2, [ Ha P12, Jor 2402, |2 | P4 Xm, [ H [ - X, [ Ho |4 X, |01 [* A g, [2] A, 1, | H P | Ho |
+A\u, 1, |HYHo P+ M i1y oy [HL P 01 [+ Aty g [ HL P [02 )P4 Mty oy | H [0 |+ Aty o | Ha P 02] (2)

respectively, where H = (io,)H*, with o, being the sec- |ZSM, Z' and Z", respectively, where Zgy = (g2+g2)v/4
ond Pauli matrix, and ¢ runs over 2 to 3. with v = \/vi+vi ~ 246 GeV, and Z'(Z") arises from
U1)g-r,(U1)p_r,-1,)". The features of the singly
charged bosons are the same as in the typical two-Higgs

Table 2. Field tents of scalar b d thei
abe 167 COMLEIES O° SCa A HOSONs an o doublet model. Consequently, the mass-squared, mixing

charge assignments under SU(3)c x SU(2)r %

U1y xU(1)p—p, xU(1)5—1,-1 and eigenvalue-squared matrices are found to be
—L1 —L2—L3"
Bosons H; Ho $1 P2 5 )\}{1H2 Ug V1 V2
SUB) 1 1 1 1 Me=—"" s 02 | (4)
SU@2)L 2 2 1 1
U(l)y 1 1 0 0 cg Sp
U()B-1, 0 3 0 1 Oc= —S5p Cp , )
U()B—Ly—Ls 0 -1 2 1
D =Diag0, 2" 6
Scalar sector: c=1ag iy, 2 ’ (6)
The scalar fields are parameterized as
n respectively, where the above massless eigenstate is ab-
w

_Uit@R, Tz, (i=1,2), (3) sorbed by the SM gauge boson W#*, and cs(sz) =
V2 ’ 7 cosf(sinf) with tanf=v,/v,. As for the CP-even sector

V2 in the basis of [hy,ha,¢r,,¥r,|", Wwe get a four-by-four

with all four CP-odd bosons z; 5, ., massless, in which ~ mass matrix squared M5, which can be diagonalized by
three of them are absorbed by vector gauged bosons  the mixing matrix O as D[H,,H,,Hs, Hy|=O0rMEOT,

Hi=| vithit+iz |,

1) We remark that the dangerous physical Goldstone boson from Hs can be evaded by introducing an isospin singlet boson @3 of
(-1/3,1/3) under U(1)p—r, xU(1)B—L, L, resulting in additional terms (HIHg)apg and ¢} @25 /A that give the non-vanishing CP-odd
mass. Here, A is the cut-off scale, expected to be O(100) TeV at most. Then, the CP-odd Higgs mass with O(100) GeV is found. Even
though 3 affects the vector gauge boson masses, we neglect the contribution hereafter, by assuming U:Ps << Note here that o3

¥1,2°
does not contribute to the fermion masses.
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leading to [h1,hae, @R, 0r,|" = OR[H1,HoyHs, Hy)"
we identify H;=hgy.
Fermion sector:

The SM Dirac fermions are diagonalized by bi-
unitary mixing matrices as Du,dyez(Uu,d,e)Lmu(U;d’e)R,
and the active neutrinos are derived by an unitary mix-
ing matrix as D, = U m,U], while the observed mix-
ing matrices can be defined by Vexy = U]:LUdL, and
Vausy = UlU,, respectively [5]. However, we impose
U.r =1 for simplicity. Hence, we reduce the formula
to Vokm = Ugr. In the lepton sector, we classify the
case of Vysy =~ U} or Viysy & U, below. Here, the neu-
trino mass matrix m,, is induced via the canonical seesaw
mechanism in Eq. (1).

Here,

2.1 Neutral gauge boson sector

Zsau-Z'-Z" mixing: Since H, and ¢;» have nonzero
U()p-r, and U(1)p_r,-1, charges, there are mixings
among Zgy, £ and Z”. The resulting mass matrix in
the basis of (Zgy,Z',Z") is given by

mzZsM,Z’,Z”
g*v? 1, 1, .,
4 _69191)2 6929“2
1 / 2 1 12(,,2 2 1 ! ol 2 /2
559 g% (v3+9v37) _§9192(Uz_9v2 ) )
1 L av? 1 2 1 2,02
6929”2 _§9192( —9v7%) 992 2oz +9(4vP4v?)]

(7)
93+93v
where g>=gi+g3, mz.,, =Y—5—~91.18 GeV, and g,
g2, g; and ¢} are the gauge couplings of U(1)y, SU(2);,
U(1)p_r, and U(1)p_r,_1,, respectively. Here, we can
identify the mass of Z; as the SM one, since we expect
vy << vy <wj, in order to reproduce the SM fermion
masses and the LEP measurement of mz, ~mgz,,,. This
approximation is in good agreement with the current ex-
perimental data, as the mass difference between mz,,
and mz, should be less than O(107%) GeV.
The other part can be reduced to

which is diagonalized by the two-by-two mixing matrix
Ve as Vem3, ,., Vi =Diag(m?, mzzé), with

1
m, =5 [ (o 4ot

—V/ g5 (o) +

gitvst 297 g5 vs ( 4“’12"‘”52)} )
9)
1
m2, =5 7 (o +of) gt
+1/ g5 (dv+u

) +gitvst+2g97 95 v (— 4”?"‘”52)} )
(10)

5o 4,012_’_,[) ) gl2,Ul2
9 \/— mZZi
(11)

Note here that we have to satisfy the following con-
dition:

Co Sg

VG:

—Se Co

16972 g52v vy < [0y +g5 (4v+o2) )2, (12)

that arises from the need for the vector boson masses to
be positive real.

Here, we evaluate the typical scale of v, that should
be suppressed by the deviation of mz, from mz,, at the
next leading order, dmyz = |mz, —mzg,,|, approximately
given by

smz 902 [ lgivI-X+gpv 1+ X
Z72 m2ZSM—m2Z,

|gl \ 1+'X 92 \4 1 ")(|2 (13)
mZSM mZ,
4 2 2 12,12
X— g5 (4v] 2"’“ )2 91 Vg : (14)
mZé—mZi

where dm should satisfy dm, <2.1x1072 GeV from the
electroweak precision test. As a result, we find, e.g.,
v3519.5 GeV for v] ,~10° GeV and g ,~1077.

12,12 ;o2 Interacting Lagrangian: The interactions in the kinetic
2 91 Vs 919202 .
Mgz | 0,7 ) | (8) term between the neutral vector bosons and quarks in
91920y 97" (407 03 | terms of the mass eigenstates are given by:
1 ’ ’ — ’ ’ ’ — i ’
Lo==3 |(gicotgss0) i uZ;, +(=gisot03c0) Y 07" w2y,
i=c,t
1. / / / 7 /
—g [dﬁ“(glchdZ/—|—g2s@OdZu)ijdem+dﬂ ( glseOdZ’+gQCBOdZ”)zgd Z } (15)
0.95 —0.22 0.0134-0.0032¢
Ouz =Voxmdiag(1,0,0) Vi~ —0.22 0.0509 —0.0030—0.000757 | , (16)

0.013—-0.0032¢

—0.0030+0.00075% 0.00019
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0.051
Oazr =Vexmdiag(0,1,1) Vi~

where we have used the central values for the CKM elements in Voxu [6].

0.22+0.00014¢
—0.0082+0.0033:

0.22—0.000147  —0.0082—0.0033¢
0.95 —0.0030—-0.00075% | ,
—0.0030+0.00075¢ 1.0

(17)

The interactions between the neutral

vector bosons and charged-leptons depend on the parameterizations of Viyns, given by:

VinsmUS: LV = |(gicotdyse)er e, +(—g,sotgsce) Y vz, |, (18)
1=, T
Vans~Uep: ACE/Z) [Eﬂ (9100024955907 )i54; Z1 +€ #(—9150002/+7g5coO0pz0 )il 2, ] (19)
with ¢; ;=(e,p,T), where Oz oz are derived as
0.69 —0.31-0.0607 0.33—0.068:
Ouz=Vansdiag(1,0,0)Viins~ | —0.314+0.060i 014  —0.14+0.060i | , (20)
0.33+0.068: —0.14—0.0601 0.17
and
0.31 0.31+0.0607 0.334-0.068%
Ouzr =Vansdiag(0,1,1)Vine~ | 0.31-0.060i  0.86  0.14—0.060i |, (21)
0.33—0.068¢ 0.14+0.0607 0.83
respectively, by taking the best fitted results in Ref. [6] | formulas for the mass splittings are given by [7]
for VMNS' ’ ’ 2
Amy, ~ |(91000d2'+922800dz”)21|
ms,
2.2 Phenomenology “
+ [(=91560azG5¢oOazr )2 |2]
2
Since Zj , interact with the SM fermions in a non- Mz
universal manner, as discussed before, the constraints are , |5 1 Moy 2
unlikely to be the same as those in the typical U(1)p_;, XM fig 12 2 <m Tm ,) J (22)
models. Here, we will examine the bounds on the extra o
gauge bosons from the K and B meson mixings as well  for M =(K° By, B,) with q¢’ = (ds,db,ds), which should

as the LEP data, and discuss the lepton flavor violating
processes of £;,;—{;y (i=1 and 2).

1. M —M meson mixings

The extra gauge bosons induce the neutral meson
(M)-antimeson (M) mixings with M =(K°,B,,B,), such
as K°—K° B,—B,, and B,—B,, at the tree level. Thel

Vins XUSs £ =51 (ex"e) @0+

be less than the experimental values of (3.48x107%,3.33x
1072,1.17) x 10~ GeV [6], where fi = (156,191,200)
MeV and m,=(0.498,5.280,5.367) GeV.

2. Bounds on Z] , from LEP and LHC
From Eqgs. (18) and (19), we obtain the effective La-
grangians as:

1 G? G (V)4 . G3

2 (" e) (dy,d)+ s (7" e) (uv,u),

7 7 7
1(VE)? _ VE):(VS, -
Vs Uasi £33 ;ﬂ;—;”(ewa(ewew 3 QeklVeek ey o0 (23)
i=1,2 Z{v C=p,r 7z
V‘f )i Lo (VEAG,
+ Z T (89" e) (T g )+(3T)2(67 e)(yu) |, (24)
¢'=d,s,b z;
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respectively, where (Vd(e))1 =(91¢60a(0)z' +95500a(eyz11 )

)
(Vi)2 = (=91800a0) 2 +93¢00aiez), G1 = gico+ghso,
and G, =—g;89+g5c- As a results, the bounds for 71 ,
from the measurements of ete~ — ff at LEP [3] and
qi—eé(pp) at LHC [4] are found to be

(20.6TeV)? _my

8 ~ G

(114TeV)? _ My

for LEP; (25

127 ~ G (Vi) aa o ’ (25)
(37Tev)® _  my

127T NG%"‘(‘Gd)ddGl,

(30Tev)® _  my

for LHC, (26

127 NGZ ( )ng o ’ ( )

VMNs’f\‘JUJZ

and

(20. 6TeV

Vans~=Uer:

n' M

(18.9TeV)? < Mz,
4T Nizl (er)i(Vj‘L)i’

(15. 8TeV Z

11. 4TeV
R ar o

2

(16.2TeV)* _ m,) |
127 Nigz (‘/el;)lGl for L]—__QP7 (27)
(37TeV)? _ m,
121~ e (VEl(Vi)i+Gil
(30T€V)2 < mZZ{
ez ] for LHC,
12~ :Z (VE)l(Vi)i+G]
(28)

where f=e,u,7,d and u. It is worth mentioning that
these neutral gauge boson searches will be carried out
by experiments such as the International Linear Collider
(ILC) [8], and more stringent constraints should be ob-
tained in the near future.

3. Lepton flavor violating processes

For Vyns~ U], one does not need to consider the lep-
ton flavor violations from the Z7, mediations, because
the charged leptons are diagonal from the beginning. On
the other hand, if Viyyns~U.,1, the lepton flavor violating
processes due to Zj, can be induced. In this case, we

get

487T3aemcba
(4m)* G

87T2 Z Z f‘fk Vlkfb) Fir

k=e,u,7i=1,2

R(éb _>£a7) ~

o (29)

e

Futr)= [ 2D (30)

where Gy and a.,, are the Fermi and fine structure con-
stants, respectively, while C,. ~ 1, C.. ~ 0.1784 and

C.,~0.1736. The current experimental limits are given
by [9, 10]:

BR(p—ey)<4.2x1071,
BR(7—ev)<4.4x1078,
BR(T—uy)<3.3x1075. (31)

These constraints are imposed in the numerical analysis
below?.

3 Numerical analysis

In our numerical analysis, we explore the allowed
gauge parameters of g; , and my; , by taking ss=0 and

s9=1/1/2. We scan the parameter regions as follows:
U{,2€[103,106] GeV, g;,€[107°1]. (32)

Vuns =0, ;r:

In Fig. 1, we show the allowed parameter points in
the planes of gi-g; and mz;-mz,, with the left-hand and
right-hand plots showing s, =0 and 1//2, respectively.
The top left plot suggests a wide allowed range of values
for g , for s4=0, whereas g; and g5 should be degener-
ate for sy = 1/\/§ The bottom left plot indicates that
any values with myz; < My, are permitted for sy =0,
whereas the allowed parameter spaces for both mz; and
Mz, should be narrow within 10 GeVﬁmZL2 <10°% GeV
for sp=1/ V2.

Vuns~Uer:

In Fig. 2, similar to Fig. 1, we illustrate the corre-
sponding results for the case of Vyns~U,.; by including
the plots for BR(7 — pv)-BR(x — ev) at the bottom.
The generic features for the first two plots from the top
left in Fig. 2 are similar to those in Fig. 1. While g is
restricted to be g5, <0.2, the allowed regions for g}-¢, and
Mz;~Mz, are more degenerate than the case of Vyns~U
for sy =1/v/2. For the lepton flavor violating processes
at the bottom in Fig. 2, we see that BR(u—ev) reaches
the current experimental bound in Eq. (31), which is
clearly testable in the near future for both cases of s,.
However, BR(7 — py) is much lower than the limit in

1) One can consider the anomalous magnetic moment because of the evading of the stringent constraint of the trident production
via the Z’ boson (flavor eigenstate) [12]. In our case, its value is of the order 10714, which is much smaller than the experimental value.
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0.01-

%'

0.001 -+

104+

105E

mz,[GeV]

10 160 1600 10 10
mz [GeV]
Fig. 1.

represent sp=0 and 1/v/2, respectively, with Vins~U;.

Eq. (31). Note here that BR(7 — ev) =~ BR(7 — 7).
We remark that the current bounds on the masses of
the extra gauge bosons are around 3 TeV, from the LHC
experiments [11]?, consistent with all the cases in our
analyses with g; =g,=g2~0.72.

Finally, we also mention that the muon anomalous
magnetic moment cannot be explained in our present
model due to the constraint of the trident production
via Z' [12]. Moreover, the new contributions to the semi-
leptonic decays of b—s¢*£~ from the Z;] , mediations are
negligibly small, so that our model sheds no light on the
recent anomalies in B — K™ pu* =, unlike the models
with an extra Z’ in the literature [2]. Thus, we min-
imally extend our model to explain these issues in the
next section.

4 An extension

We now extend our model by introducing two ex-
tra vector-like fermions: Q7 ,,=(3,2,1/6,1/2,—2/3) and
Ly,r = (1,2,-1/2,1/2,-2), along with a neutral in-
ert complex scalar S = (1,1,0,—1/2,1) under SU(3)¢ x
SU2)xU(1)yxU(1)p—1,xU(1)p_1,-1, [13], resulting
in the following additional Lagrangian:

E:szLZ L%S—ngQLiQ;?S—FMQ/Q/Q/—FML/EIL/—Fh.C.,
(33)

(color online) Allowed regions in the planes of gi-g5

0.01

0.001 -

1074 e

10752

&'

10°F

10°F

mz,[GeV]

1000

100}

s s
10 100 1000 100 16
mz,[GeV]

and m z,-Mzy, where the left-hand and right-hand plots

where i =2,3. Here, we have assumed the mass eigen-
states for the above down-quark and charged-lepton sec-
tors in the SM, and f3 << f,. As a result, the b— see
excess is negligible, which is consistent with the current
experimental data, while 7 — p~vy at one-loop level is
also suppressed to avoid the current experimental bound.
Note that S is a complex boson that is assured by the
charge assignment under U(1)g_r, XU (1)5-1,-14, and
its mass is denoted by mg.
Muon anomalous magnetic moment :

The muon anomalous magnetic moment is formulated
by :

Aa

2 1 2
1—
L] /dx v(1-2) . (34)
8r2 Jo  z(x—1)+rpa+(l—z)rs
where rp, = (M, /m,)* and rs = (ms/m,)?. The ex-
perimental deviation from the SM at 3.3¢ C.L. is given
by [14]

Aa,=(26.148.0(16.0))x 1070 . (35)

B — K*[iy anomaly: The effective Hamiltonian for the
b—su™u~ transition is induced via the box diagram [15],
given by

(9295)1 o
(4m)?
X (87° PLb) (yppt—fiy,7s 1) +h.c.

Heg(b—sptp™)= Foox(mg, Mg, M)

2) The LHC bounds are typically stronger than the LEP ones in case of a simple gauged U(1)p_1, model.
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Fig. 2. (color online) Allowed regions in the planes of gi-g5, mz;-myy, and BR(T — py)-BR (1 — e7), where the

left-hand and right-hand plots represent sg=0 and 1/\/57 respectively, with Vmuns~Uer .

E_CSM [0909_010010]+h.c., (36)
where
Fbox(ms,MQ/,ML/)
1 1 11—z T
~— [ dx dx ,
2~/0 1/0 2$1m25+I2M5/+(1—$1—$2)Mz/
(37)

C _ ‘/tb ‘/t: GF Qem

SM = \/57‘( )
with V;~0.9991 and V;;~—0.0403 being the CKM ma-
trix elements [6]. Here, we take Cg=—C\o, which is one
of the promising relations to explain the anomaly [16],
and the experimental result is given by

[—0.85,—0.50] at 1o, [—1.22,—0.18] at 20,

where the best fit value is —0.68.
Neutral meson mixing: The neutral meson mixing gives

(38)

the bounds on g; and Mg at low energy, where our valid
process is the B,— B, mixing in our case. Similar to the
B— K*pp anomaly, the formula is derived by [7]:

Amp.: (9393)(9293) Foox(ms, Mg, Mg/)<1.17x107

2472
x—T GeV,

mpg f}%s

(39)

where the above parameters are found to be fp, =
0.200 GeV [7], and mp,=5.367 GeV [6].

Dark matter candidate: We suppose that S is a DM can-
didate. First, we assume that any annihilation modes
coming from the Higgs potential are negligibly small.
This is a reasonable assumption, because we can avoid
the strong constraint coming from the spin independent
scattering cross section reported by several direct DM
detection experiments, such as LUX [17]. Second, we
do not consider the modes through 7, coming from
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(color online) Allowed regions, where the left(right)-hand figure represents the fa(mg)——Cy plane, and the

blue(red) points satisfy muon g—2 in the range of (26.1£8.0(16.0))x107'°. The yellow(green) region denotes the
experimental allowed region [-1.22(-0.85),-0.18(-0.50)] at 1(2)o, where the black horizontal line inside the green

region shows the best fit (BF).

the kinetic term, since this is suppressed enough by the
masses of mz; - We comment here that there are two
resonant solutions around the points of mz; =2myg and
myz,=2mg. Subsequently, the dominant contribution to
the thermal relic density comes from f and g, and the
cross section is approximately given by [18]

2 4 2
mE | fol |9:9;] 2
(O”Urcl)N167T (6(m25+Mf,)2 +i§3 (m25+M2/)2 Voo

+O0(v7); (40)

rel

in the limit of massless final-state leptons and
mZQM /M3, << 1. Here, the approximate formula is ob-
tained by expanding the cross section in powers of the
relative velocity; Upel: 0Ure) R Ao +begv2,, where a.q=0.
The resulting relic density is found to be

i LOTX10°2]

3 g*(xf)MPLbeff’

where the present relic density is 0.1199+0.0108 [19],
g.(x;~25)=~100 counts the degrees of freedom for rela-
tivistic particles, and Mp,~1.22x10'° GeV is the Planck
mass.

Numerical analysis:

We now perform a numerical analysis to satisfy the
anomalies of the muon g—2, B— K*[iu, the constraints
of the correct relic density, and the neutral meson mix-
ing, as discussed above. We randomly select the input
parameters as follows:

f2:[_17\/47r]7 92,3::&[0.01,0],
ms=(10,1000) TeV, (Mg, M )=(1.2m,,5000) GeV,
(42)

(41)

where 1.2mg is used to avoid the coannihilation pro-
cesses among Q',L' and S, for simplicity. We show
the allowed regions in Fig. 3, where the left(right)-
hand figure represents the f5(mg)——Co plane, and the
blue(red) points satisfy the muon g—2 in the range of

(26.14+8.0(16.0)) x107'% in Eq. (35). The yellow(green)
region denotes the experimentally allowed region [-1.22(-
0.85),-0.18(-0.50)] at 1(2)o in Eq. (38), where the black
horizontal line inside the green region corresponds to the
best fit value (BF). The left-hand plot suggests that f, is
restricted to [0.5,v/47] for both blue and red points. The
right-hand plot implies that mg is limited to [10,170(90)]
GeV for red(blue) points.

5 Discussion and conclusions

We have proposed a new model with two
flavor-dependent gauge symmetries: U(1)p_z, and
U(1)p-1,-1,, in addition to the SM one, along with in-
troducing three right-handed neutrinos to cancel gauge
anomalies and several scalars to construct the measured
fermion masses. We have examined the experimental
bounds on the extra gauge bosons by considering the K
and B meson mixings as well as the LEP and LHC ex-
periments. The allowed parameter spaces for the masses
and couplings of Z] , have been given. Even though all
the regions are within the current exclusion bounds (~3
TeV) from the LHC [11], more stringent constraints or
their discoveries will be found at ILC, with its sensitiv-
ity to the cut-off scale being around 50-100 TeV, which
is stronger than the LEP constraints.

In addition, the possible effects on the flavor violat-
ing processes have been explored. Particularly, we have
shown that the branching ratio of p — ey for the case
of Vuns=U,.r can be large, which is testable by future
experiments.

Finally, we have discussed the possibility of explain-
ing the muon ¢g—2, B— K™jiy, and dark matter can-
didate, by introducing vector-like fermions @Q’,L’ and
an inert complex boson S with appropriate charge as-
signments under SU(3)exSU(2), xU(1)y xU(1)p_r, X
Ul)p-r,-1,- We have also shown the allowed re-
gions to satisfy all the anomalies and constraints, and
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found 0.5 < f, <v/4x for both blue and red points, and
10<Smg S170(90) GeV for red(blue) points. It is worth
mentioning that the Z boson decay modes of Z— f; f; at
one-loop level could restrict our parameter space, where

fi represent all the SM fermions.

It is expected that

the sensitivities of these modes will further increase at

future experiments, such as the CEPC [20], by several
orders of magnitude.

This research was supported by the Ministry of Sci-

ence, ICT and Future Planning, Gyeongsangbuk-do and
Pohang City (H.O.).
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