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ABSTRACT: We propose a model having a gauged SU(2) symmetry associated with the
second and third generations of leptons, dubbed SU(2) ., of which U(1)p, 1, is an Abelian
subgroup. In addition to the Standard Model fields, we introduce two types of scalar fields.
One exotic scalar field is an SU(2),, doublet and SM singlet that develops a nonzero
vacuum expectation value at presumably multi-TeV scale to completely break the SU(2) -
symmetry, rendering three massive gauge bosons. At the same time, the other exotic
scalar field, carrying electroweak as well as SU(2),, charges, is induced to have a nonzero
vacuum expectation value as well and breaks mass degeneracy between the muon and
tau. We examine how the new particles in the model contribute to the muon anomalous
magnetic moment in the parameter space compliant with the Michel decays of tau.
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1 Introduction

A long-standing anomaly in flavor physics that has inspired pursues of physics beyond the
Standard Model (SM) is the muon anomalous magnetic moment [1]. A 3.60 discrepancy
between theory calculations within the SM and experimental data [2]:

Aa, = a5® — ai™ = 288(63)(49) x 107! (1.1)

has been reported.! One solution to this problem is to invoke a gauge boson with a
sufficiently muon-philic coupling. Such a scenario can be realized in a gauged, anomaly-
free U(1)L, L, model, as proposed in refs. [5-7] and further examined in refs. [8, 9]. It also
features in the ability to explain the neutrino mixing data [11-13]. The phenomenology of
such a model at the LHC has been studied in ref. [10]. It is recently analyzed that the Z’
boson with a mass in the range of O(1 — 100) MeV can explain Aa, with a fairly small
coupling ~ 2 x (107* — 1073), while being consistent with constraints such as the big bang
nucleosynthesis bound on the effective number of extra neutrinos ANeg < 1 [14] and the
neutrino trident production [15]. The remaining parameter space can be soon probed or
ruled out by future searches [16].

!Other analyses give somewhat different estimates for the discrepancy, such as Aa,, = (261480) x 10~
in ref. [3]. Ref. [4] has some in-depth discussions about Aa, in various scenarios that mainly differ in
the treatment of leading-order hadronic uncertainties and whether 7 data are included. In our numerical
analysis, we use the result quoted in eq. (1.1).



In this work, we propose a non-Abelian gauged flavor symmetry, SU(2),,,, between the
second and third generations of the SM leptons.? After symmetry breaking induced by the
vacuum expectation value (VEV) of a scalar SU(2),, doublet, the gauged flavor group has
three massive gauge bosons, denoted by X3, with X3 corresponding to the U(1)L, L,
subgroup and X4 coupled with currents that exchange the muon and tau numbers by one
unit. To break the mass degeneracy between p and 7 as otherwise required by the new
flavor symmetry, we further introduce a set of scalar fields that transform as a triplet under
SU(2),r and a doublet under the SM SU(2) ..

An intriguing property of the model is the muon number conservation, respected by
the new gauge interactions and Yukawa couplings of the muon and tau with the new scalar
bosons. As a consequence, no lepton flavor-violating processes are allowed in the model.
Another feature of the model is that no Z-X3 mixing is allowed at tree level according to
the proposed symmetry breaking pattern.

To comply with the current 125-GeV Higgs data, we will consider a nearly alignment
limit of this model where the Higgs couplings to the SM particles are SM-like. We compute
the contributions of the new gauge bosons and scalar bosons to Aa,, and the Michel decays
of 7 — v, 7y, where £ = p,e. To better understand contributions of each set of new
particles, we divide the numerical analysis to effects due to purely new gauge bosons, purely
lepton flavor-changing scalar bosons, and purely lepton flavor-conserving scalar bosons.
We scan for the parameter space that can accommodate Aa, while being allowed by the
constraint from lepton universality in the Michel decays of 7.

The layout of this paper is as follows. In section 2, we introduce the model, discussing
the extended SU(2),, gauge sector, scalar sector, and lepton sector. We show in section 3
how various new particles can contribute to the muon g—2 and explain the current discrep-
ancy between experimental data and the SM expectation. Section 4 discusses the constraint
on the model from the Michel decays of 7 — fv,;7;. An extension of the model to explain
neutrino mass and a discussion of collider phenomenology are given in section 5. Section 6
concludes with a summary of our findings in this work. We collect detailed formulas of
scalar field mass matrices in appendix A, new gauge interactions of x4 and 7 in appendix B,
and new Yukawa interactions of yu and 7 in appendix C.

2 Model of gauged SU(2),,

In addition to the SM gauge group SU(3)c x SU(2)r x U(1)y, the model considered in
this work has a gauged SU(2),, symmetry, which is the lepton flavor symmetry within
the second- and third-generation leptons. To break the SU(2),, symmetry, we introduce
a scalar field S, which is a singlet under the SM gauge group and a doublet under the
gauge flavor symmetry. Moreover, to break the degeneracy in the mass of the second- and
third-generation leptons, the model also has another new scalar field ® that transforms as
an SU(2)y, doublet and an SU(2),,, triplet. The new scalar fields are all colorless. Quantum
numbers of the lepton and scalar fields under the SU(2),-, SU(2)r, and U(1)y groups are
listed in table 1. Also explicitly shown are the SU(2),, indices a, 5 € {1,2}. In this paper,

2This kind of extensions was briefly mentioned in some earlier works [7, 17].



SM leptons Scalars
L=rL. | zo= " | e, eRO‘:[MR] By | ® | 5O
L, TR
SU(2) ur 1 2 1 2 1 3 2
SU(2)p, 2 2 1 1 2 2
U(l)y —1/2 —1/2 -1 -1 +1/2 | +1/2 | 0

Table 1. The particle content of the lepton and scalar sectors of the model and their quantum
numbers under the SU(2),, and SM SU(2);, and U(l)y gauge groups. All these particles are
colorless under SU(3)¢, and all the other SM particles are singlets under the SU(2),,,.

we reserve the first few Greek letters for the flavor indices of SU(2),, and the others for
the Lorentz indices. We note in passing that with the above-mentioned particle content,
the model is free of gauge anomalies.?

The most general scalar potential of g, ® and S is given by

V(@o, @, 8) = —p3|S|” — 5@}, @f + 2m3 Tr(®] ) + Ag|S|* + Ags|S|* @, )
+ 22p51 ]S> Tr(®107) + 2295257 [@], @7]S
+ 20 (Te(@] ) + 2N Te(®] 07 ) Te(@107) + 227 Tr (@ 0T Tr (9797
2 (B00)? + 20, TH(B]8) B0 + 20, Te(@' ) B),0]
+ { bsSi02[®], @)S + AsTr(@[ @) Df@) + 41 ©f Tr(@l DI D7)
X0l STRS + N 8,8 02 + XS ioa® S O + e}, (21)

/ /
where Ay g, A5, K, Ay, )‘u

all of them to be real for simplicity. The SU(2), indices are shown explicitly by 4,j. The

, and )\LQ are generally complex parameters. Hereafter, we take

flavor adjoint Higgs doublet ® is parameterized as

d3 V20,
V20 —®

(Ua)aﬁ

5 , Dr = (01 Fi®a)/V2, (2.2)

(baﬁ —

1
q)a:§

where a = 1,2,3, and the SU(2),, flavor space is denoted by the square brackets. We
assume that the SM singlet field S develops a VEV at an energy higher than the electroweak
scale. Without loss of generality, we parameterize the S field as

1

V2

3The Witten anomaly is known to occur if an SU(2) model contains only an odd number of doublets
charged under it. In our SU(2),, model, this anomaly disappears when we introduce the flavor-doublet
right-handed neutrinos, which are required to generate active neutrino mass by the seesaw mechanism, to

Sy
So

Sh+i5%
vg + SE+1i SF

Se = = : (2.3)

be discussed in section 5.



where S_ = (S4)*, S§ will be identified as a would-be Nambu-Goldstone (NG) boson corre-
sponding to the longitudinal mode of the new flavor gauge boson Xz,?, and the superscripts
h, z here denote respectively the real and imaginary components of the field. The VEV of
S breaks the SU(2),, symmetry completely. The flavor-singlet Higgs doublet field ® is
assumed to develop a VEV at the electroweak scale, and can be parameterized as

Po=|("2]=vothot+iz]. (2.4)
¢0 \/i

The flavor adjoint Higgs doublet ® is required to have VEV’s as well in order to generate
mass splitting between p and 7. In general, the VEV’s of ® can be induced by those of
S and ®g. In particular, the VEV’s of & will contribute to the off-diagonal elements of
the charged lepton mass matrix and make the vacuum structure more complicated. For
simplicity, we consider that only ®3 is induced to have a VEV, (¢3) = v3/1/2, as the easiest
way to generate the mass splitting. In this case, we have v? = vZ + v3 = (246 GeV)? and
tan 8 = vy/v;. To realize this simple setup, we set A\gg = X;,; = Ao = 0 in the following
discussions.* We then parametrize the flavored Higgs and scalar doublet fields as

+ Z'(.L)+ +
D3 = (2%) = M , Pr= @oi) ; (2.5)
3 V2 +

where we take the phase convention that ¢ = (¢L)*. Note that in the limit where S
does not develop a VEV, the flavor-diagonal VEV of ® induced by (®¢) would also break
SU(2),r to U(1)L,—1,.° The scalar bosons in this model are thus classified according to
their (i) muon numbers, (ii) CP parities, and (iii) electric charges.

The mass eigenstates are defined in terms of the following field rotations:

58 o z3 z wgr wt
ZU = R(a17a27a3) IZ s (Zo) = R(/B) <A> ) <w6r> = R(/B) <H+> s (28)

4These terms can also be removed by imposing a Zz charge “w” (or a new U(1) charge) for the S field.

w

®The global “muon number” symmetry LL,, is realized and rearranged since I,,(S) = 0 and [L,, (®)] = 0,
while the global “tau lepton number” L, is not conserved in the scalar sector because L-(S) # 0, where
a _ a5+(0'3)a,37 10 a:(sag—(US)agi 00
(L)% = ——5—— —[OO y B =————=1,| (2.6)

The eigenvalues are calculated as

s S o 1][10 1
RO HIEES

Therefore, the subscripts £, 0 (3) denote the muon number £1, 0 (0), respectively, in the broken phase.

b3 2D,
V20 B

0 V28,

. 10
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where w* and z are the would-be NG bosons corresponding to the longitudinal modes of
the Z, and T/V)\i bosons, and

c1¢2 S1Co S9
R(—61,02,—03) = | —(c15283 + si1c3) c1c3 — 18283 cas3 |
—c182c3 + 5153 —(C183 + S152¢3) C2C3 (2.9)

cosf) —sinf
R(9) =
(©) (sin@ cos 6 ) ’
with the notation (¢;, s;) = (cos#;,sin6;) for i = 1,2,3. Moreover, the flavor off-diagonal

Higgs bosons are given by

CB/ —Ca/SB/ SO/SB’

S+ Sp! Co/CB — S B Sa’Cpr + co Wt
=12 V2 V2 Hil, (2.10)
(b(i* Sgr CorCpr + S _ Sa/Cp — Co hy

V2 V2 V2

where tan ' = 2v3/vg. Details of the mass matrices are given in appendix A.
We denote the SU(2),, gauge fields by

(Ua)aﬂ X)\ 1 Xg\ \/EXi X
V2XA X3 |7

1

A A c YA

= —(X{ FiX3). 2.11
+ \/ﬁ( 1 2) ( )

Again the subscripts + associated with the new gauge bosons do not represent their electric

XM, = S

charges. In fact, all the new gauge bosons are electrically neutral. The gauge interactions
of matter fields are encoded in their kinetic terms involving the covariant derivative

(DN = 6% DY + i gy (XP)%, (2.12)

where D? is the covariant derivative in the SM, and gx denotes the associated gauge cou-
pling strength. The masses of new gauge bosons are generated by the VEV’s of ® and S as

g (v5 + 4v5)

2,2
LOXYS xaxy + 2

2 4

X2 Xy (2.13)

This shows that X is slightly heavier than X3. But as long as v3 < vg, as assumed here,
we can safely neglect this small difference and consider the new gauge bosons virtually
degenerate in mass ~ Mx. No mass mixing occurs between X3 and the SM Z boson be-
cause only ® couples to both SU(2)z, and SU(2),, gauge bosons and the VEV of ® breaks
SU(2)ur to U(1)L, -1, associated with X3. The latter point is also reflected in the fact that
the mass of X3 does not receive the contribution of vs, as shown in eq. (2.13). Therefore,
the model does not have Z- X3 mixing at tree level. The new gauge interactions for p and
T are given in appendix B.
There are two kinds of SU(2),,-invariant Yukawa interactions for p and 7:

Za(yo 00 5% +2y (I)ag)ejﬁ% + H.c. (2.14)



The explicit form of the Yukawa interactions for 4 and 7 in the scalar mass eigenbasis is
given in appendix C. It is observed that in the limit of sin(f — a) ~ 1 and large tan 3,
where a = a3, the SM-like Higgs couplings to p and 7 are SM-like. We note in passing that
the ®*g and S fields do not directly couple with quarks due to their nontrivial SU(2) -
quantum charges. For definiteness, we will make the assumption of a; = as = 0 for the
mixing angles. Therefore, in this nearly alignment limit, the couplings of the SM-like Higgs
boson h with the quarks and electron are SM-like, while the extra CP-even Higgs boson H
are suppressed by a factor of cos(f — a) — sin( — «)/ tan 5 in the large tan 3 case.

In summary, we are considering in this model the alignment limit of sin(f — ag) ~ 1
and large tan 8 in order to be consistent with the current Higgs data, and taking the
mixing angles a; = as = 0 for simplicity. For concreteness, we assume mass degeneracy for
heavy scalar bosons unless otherwise specified explicitly. Deviations from the above are not
further investigated as the muon g — 2 can already be accommodated within this parameter
space. We note that electroweak precision tests and other constraints, particularly those
that could arise from significant nonzero couplings between the scalars and quarks, could
be relevant in the general case.

3 Muong—2

We are now ready to discuss new contributions to the muon anomalous magnetic moment
in this model. From the interactions listed in appendices B and C, we expect three kinds of
potentially large contributions from: (i) new gauge bosons X3 and X2, (ii) flavor-changing
scalar bosons hy and Hy, and (iii) flavor-conserving scalar bosons H and A. To evaluate
the contributions from the scalar bosons, we impose the relations 2M2 /v = Apg10?/vE =
)\031}2/’[}% (i.e., a1 = ag = 0) for simplicity.

Effects of new gauge bosons X é‘ and X ; Contributions from the new gauge bosons
are calculated as

1 /gx)\2 /1 22%(1—1x)
Aay(X3)=— (X)) 4 [ d 3.1
a(Xs) 82 ( 2 > X, x(l—x) (1—eiz)+eia’ (31)

1 (gx\° Lo2x(1—2)(z—2(1—p))+2%(1+p—z)(1—p)?eh
< X) 5§/0 da (1—z) (1—elyz)+ela .

, (32)

where e = M?/M% and p = M, /M, ~ 16.82. The X3 contribution is identical to the
one in the U(1)p,_r, model, and is approximately given by Aa,(X3) ~ (g% /487%)ely for
ek, < 1. The sign of this new contribution is favored by the observed muon g — 2 anomaly.
The X1 contributions are (6p —4) ~ 96.9 times larger than that of X3 due to the chirality
flipping effect in the same limit.® Thanks to the muon number conservation, no lepton
flavor violation is generated by the new gauge bosons.

STn ref. [18], phenomenological consequences of a new gauge boson with some properties similar to our
X+ have been discussed. However, the muon number is not conserved in their interactions.
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Figure 1. Parameter space in the (Mx, gx ) plane preferred by the muon g —2 anomaly at 20 level.

Figure 1 shows the regions in the (Mx,gx) plane that can accommodate the muon
g — 2 at the 20 level (ie., 12.8 < Aal¥ x 10'° < 44.8) with the contributions of the X
bosons. The orange (blue) region corresponds to the contribution from X3 (X4) alone.
Since Aa,,(X+) > Aa,(X3), there is almost no change in the preferred parameter region
from the blue region when contributions from all the X bosons are taken into account.

Effects of flavor-changing scalar bosons hy and Hy. The contributions from in-
teractions with the flavor off-diagonal scalar bosons are listed as”

2
1 M 1— 1 83/62/1—x+ +Ci/ 1—.'1}'—
Aay(hs) = M1=p) el / dz—2 5 ( p)# ( p) 22, (3.3)
V2veg £ /o (1—x)(1—6hix)+5;ix

"~ 82

2 2 2 2

1 (M,(1-p) Vocem(l—z+p)+s,(1—2—p)

Aau(Hx) = 82 (&ivc 652&/ dir= (1—2z)(1— € $§—|—€T x o (34)
8 0 H, Hy

For 6£B < 1 and v < vg, the sum of the two contributions is approximated by

1 M, (1 - p) 2
~ K M 2
Aa”i487T2€hi< " \/1—1—255)

x {1 + R+ 3pcyy [(1 ~R) <ln5’,”:i—l— ;’) —RlnR]} : (3.5)

where R = M} . /M3 .- The correction has an overall enhancement for large tan 3. The
third term in the curly brackets also receives a chirality flipping enhancement similar to
the X4+ contribution. Since this is proportional to p, the mass ratio of m; to my, it
dominates in a wide region of parameter space. Moreover, the sign of the contribution can

"Effects of the flavor-changing Higgs boson in the type-III two-Higgs-doublet model have been studied
in ref. [19]. The scalar contributions discussed here is induced by ®+ that does not develop a VEV.
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Figure 2. Upper row: parameter space in the (M., My, /My, ) plane for tan 8 = 10 (blue),
30 (orange) and 100 (green), as preferred by the muon g — 2 anomaly at 20 level. Lower row:
parameter space in the (M, ,tan ) plane for the mass ratio M, /My, =1 (blue), 0.9 (orange)
and 1 (green). The left, middle, right plots are the cases with o/ = 7/4,0.267,7/2, respectively.

be made positive by choosing an appropriate mixing angle o/. The flavor-changing scalar
interactions also respect the muon number conservation, so that lepton flavor violation is
forbidden in this model.

In figure 2, the contributions to the muon g — 2 from the flavor-changing h4+ and HL
bosons are evaluated, with all colored regions satisfying the muon g — 2 data at 20 level.
For definiteness, we have taken ' = 0 (corresponding to the large vg limit) in numerical
evaluations. The left, middle, right plots are drawn for the cases of o/ = 7/4,0.267,7/2,
respectively. Comparing the left and middle plots, we observe that the correction has a
more sensitive dependence on o/ around /4. In the upper row, the blue, orange, and green
regions correspond respectively to the choices of tan 8 = 10, 30, 100. For a ~ /4, the mass
of h* is preferred by data to fall in the regime of a few tens to a few hundreds of GeV and
has less dependence on the mass ratio R when it is smaller than 1. For o/ = /2 in contrast,
M+ is of O(0.1—1) TeV unless R > 1. The peculiar behavior of the allowed regions around
R =1 in this case originates from the sign change of the last term in the curly brackets of
eq. (3.5). This effect is less prominent in the other two plots because con = 0.

In the lower row of figure 2, the blue, orange, and green regions correspond respectively
to the choices of My, /My, =1,0.9,0.1. In the limit R — 1, where o’ becomes undefined,
the contributions with dependence on ' vanish. In the large tan 3 regime of interest to
us, the contribution to the muon g — 2 simply scales as tan? f3.
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Figure 3. Parameter space preferred by the muon g — 2 anomaly at 20 level. Left: allowed regions
in the (Mp, M) plane for tan 8 = 10 (blue), 30 (orange) and 100 (green); right: allowed regions
in the (M, tan 8) plane for My /My =1 (blue), 0.9 (orange) and 0.1 (green).

Effects of flavor-conserving scalar bosons H and A. Flavor-conserving interactions
of H and A with the muon are also enhanced by ptan 3. Thus, contributions of H and A
may be non-negligible as compared with those from flavor-changing scalar bosons, and are
evaluated to be

2
1 (M,\? S3_ S5_ ! r?(2—1x)
Aa,(H)=— (=2 & |[- fra 5“/61 3.6
au(H) 87r2(v> EHK oty >+p 825] iy 39

2
1 (M,)\? 1 1 L —a®
Aap(A)= — (22} ot [ —4p—) [ 4 . .
a(4) 87r2<v> A <t25+ps2ﬁ) /0 x(l—x)(l—gff‘m)—l—efflx (3:7)

It is interesting to note that each of the integrals in the above two expressions is divergent

when e 4 — 0. Nevertheless, they have opposite signs and result in destructive interfer-
ence between the contributions from H and A. Therefore, most of the contributions cancel
out in the alignment limit, sg_, = 1, with mass degeneracy M, = My = M :

9 2
Aayg ~ 48177265 (2]1\}4#) <t21/3 +p$216) , ($g—a=1and M, = My = Ma). (3.8)
In both large and small tan 3 limits, 1/t25 and 1/s2, become large. In the former case of
interest to us, they interfere destructively. If the contribution from the chirality flipping
term in eq. (3.5) is small, the effects of flavor-conserving scalar bosons can be comparable
to those of flavor-changing scalar bosons. However, we will show in the next section that
such parameter space is ruled out by the Michel decays.

In figure 3, we draw regions that can accommodate the muon g — 2 anomaly at 20
level. The left plot shows a result similar to the analogous plot in figure 2 for o/ ~ 0.267.



As noted above, Aa,, gets an enhancement in either tan 3 — 0 or tan 3 — oo limit, thus
the turning behavior in the allowed regions shown in the right plot.

4 Michel decays of T

The Michel decays of the tau lepton can be modified by both X1 and H* bosons at tree
level. We consider the ratio

I(1 — uvuvyr)
R = PR 4.1
T/ Te (T — every) (41)

as the parameter showing violation in p/e universality. The measured value Rix_lzu -

0.979 £ 0.004 is compared to the SM prediction of 0.9726 with a comparatively negligible
uncertainty [2].

For definiteness, we consider two limiting scenarios: Mg+ > Mx /gy and Mpy+ <
Mx /g . In the former case, the 7 — p¥, v, decay gets an additional contributing amplitude
mediated by the X1 gauge boson while the 7 — ev.r; decay does not. With the definition

Ox L (4.2)
2 4/2GpME
we find
RX 1 1g(p~2
X _ CTou/t—e 2 Q(P )
n 231\4:<1+ax+ax>_2ax_7 (4.3)
RT—>u/T—>e 2 p (p 2)
where

f(2)=1-82+82%— 2% —122%log 2,

4.4
g(2) =1+92—92% — 23 + 62logz + 622 log 2. (44

As numerically pf(p~2) > g(p~2), we observe constructive interference between the W
and X4 contributions.

The experimental constraint of 7 < 1.011 (1.015) at 1o (20) level is shown in light
yellow (light green) in figure 4. As shown in the plot, the difference between the 1o and
20 bounds is very small. It is seen that the entire parameter region favored by the muon
g — 2 anomaly is excluded. Therefore, it is impossible to explain the muon g — 2 anomaly
while being consistent with the lepton universality in the Michel decays of 7 with the X
gauge bosons alone.

In the limit of My+ < Mx/gy, we add only the contribution of H* to the SM
amplitude and obtain
2

_ 42 2 _ 42 2
I Lot vy 1 tﬁ+p1+t5 pl t5+1+tﬂ
4| H 2t 2t 2t 2t
2 2 2 2 —
Lol 1—t5+p1+t6 pl—tﬁ+1+tﬁ 1g(p7?) (45)
HE\ 2t 2tp 25 205 )| o (07D [

where we take the M, — 0 limit. Note that the interference term is further suppressed by
1/p. Thus, the bound from the 7 Michel decays is expected to be weak.

~10 -
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Figure 4. Regions excluded by the constraint of ;/e lepton universality from the leptonic 7 decays
at the 1o and 20 levels are shown in light yellow and light green, respectively. The regions favored
by the muon g — 2 anomaly are also superimposed.

The constraint of nf~ < 1.011 (1.015) at 1o (20) level along with the Aa, fa-
vored regions are drawn in figure 5 for the cases of o/ = 7w/4 (left plot), 0.267 (mid-
dle plot), and m/2 (right plot). For definiteness, here we assume the mass relations
M2 = MY =M%= M2,
bosons to muon g — 2 are taken into account because of the additional chirality enhance-

= M,%i.s Only the contributions of flavor-changing scalar

ment and logarithmic enhancement seen in eq. (3.5). We have also shown the direct search
constraint on H*, which would be expected to be the same as that from the slepton search
from the electroweak production in the massless neutralino limit. We show here the left-
handed selectron and smuon search lower mass bound of 300 GeV in ref. [21] and the latest
slepton mass lower bound of 500 GeV (this bound would be an overestimate for our purpose
since both left- and right-handed sleptons of all three flavors are summed over) [22]. Such
a direct search bound can be relaxed if the H* — HW*, AW* decay modes are allowed
when sufficient mass splitting exists among the particles.

We note in passing that if Mx /gx and M are comparable and therefore all X, hy, and
H_ can contribute to the muon g — 2 and the Michel decays of 7 leptons, then it is possible
to find some more allowed parameter space in the (Mx, gx) plane and the (M, tan 3) plane.
To see this cooperative effect clearly, we make plots in the (M, Mx) plane for fixed (gy, ')
in figure 6 for several values of tan 8. In these plots, all the contributions from the new
gauge bosons and scalar bosons are included in the calculations. The choice of gy = 1072
and o/ = 7/2 is taken as an example. A change in the value of g, would only result in
a different range of My. We set the mixing angle o/ = 7/2 in oder to show the maximal
contribution to the muon g — 2. By varying o/, one would obtain a smaller contribution.

8The parameter choice, M% ~ M3 ~ M+, is naturally realized in the decoupling limit, where the new
mass scale in the Higgs sector controls their masses. This choice is also favored by the electroweak precision
data, where their contributions to S and 7' parameters vanish in the degenerate mass limit [20].
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Figure 5. Parameter space favored by the muon g — 2 anomaly at 20 level is plotted together
with the constraint of the u/e lepton universality from the leptonic 7 decays at 1o (light green)
and 20 (light yellow) levels (labeled by L.U.) as well as the LHC direct search in light magenta
for M+ > 300GeV and light pink for My« > 500 GeV. We here take into account only the
contribution of flavor-changing scalar bosons to Aay,, and assume M? = Mz = M3 = M}, = Mj,
for definiteness. The left, middle, right plots are for o/ = w/4,0.267, /2, respectively.

102 ‘ f‘ 102
|
S \ \ S =
8 N\ 8 8
&) L B N 5 5
10"+ 10"+
My, / M§;=\1gx =102 »
I a'=n/2 [ a'=nm/2 a'=n/2
U=z B gm0 MY =300
102 10° 10* 102 10° 10* 102 10° 10*
M[GeV] M[GeV] M[GeV]

Figure 6. Parameter space favored by Aa,, for M} /My, =1 (blue), 0.9 (orange) and 0.1 (green)
and disfavored by the universality in leptonic 7 decays at 1o (light green) and 2¢ (light yellow) levels.
The My > 500 GeV bound is drawn in light pink. These plots all assume gy = 107%,a’ = 7/2
and M? = Mj = M3 = Mp, = Mj, for definiteness. The left, middle, right plots are for
tan 8 = 30, 100, 300, respectively.

From figure 6, we see that the contribution from the flavor-changing scalar is essential,
thanks to the chirality flip and logarithmic enhancements. The logarithmic enhancement
reflects in the preference of a larger mass hierarchy between Hi and hy. A comparison
among the three plots indicates that My needs to be greater than a few tens of GeV and
that more parameter space is allowed for larger tan 3.

- 12 —



5 Neutrino and collider phenomenology

The neutrino mass in the model can be generated through the usual Type-I seesaw mech-
anism. The relevant terms for neutrino mass are given by

o~ _ — ~ 1.
~Ly = +LAeBoNR + Lo (A 890% + 2A_0%) N} + 5 Mee NN

+ Aeu S (102)ap NG N + Aer SENGNE + N\ur N (1 02)ap D% NJ + Hee.,  (5.1)

where f/}% = i02®, Nr and Nj are the right-handed SU(2),,, singlet and doublet neutrinos,
respectively. Here we introduce another scalar field »# ~ which is a SM singlet and SU(2) -
triplet that develops a VEV, vy, as induced by that of S.° The Dirac mass and the
Majorana mass matrices are given respectively by

1 Ael0 0 0 Mee  —Aepvg Aervg
Mp= E 0 Ayrvo+A_vs 0 , My=|—=Avg 0 Aurvy |- (5.2)
0 0 Ayvg—A_vs Aerlg  Aurty, 0

The structures of these mass matrices are exactly the same as those discussed in ref. [23].
Note that the “muon number” of Ny can be defined through the )., coupling. However,
the muon number is softly broken by the M., term. With such an extension in the neutrino
sector, the muon number is no longer a conserved charge.

Here we make some comments about collider searches of the new gauge bosons and
scalar bosons in the model. Since the X3 gauge bosons couple to p, 7 and neutrinos,
they can be produced at the CERN LHC in association with Drell-Yan u,7 or v pairs
from final-state bremsstrahlung, followed by leptonic decays and leading to multi-lepton
final states (without/with missing energy) [10]. The relation of the lepton invariant mass
My ~ M- ~ Mx would be a first step to confirm the diagonal subgroup of SU(2),,. In
addition, our model predicts a peculiar decay channel X4 — p7r with M, ~ Mx. This
signal is the smoking-gun signature of the proposed model.' The beam dump experi-
ments [16, 25, 26] can also probe the X3 boson through the v-X3 mixing at loop level, but
not for X. The lepton flavor-conserving and -changing scalar bosons can also be searched
for through the multi-lepton final states, with the obvious changes in coupling and mass.
In addition, since some of these scalar bosons are charged under the SU(2), they can
be pair produced directly on shell if the collider energy is sufficiently high. The signals
from the flavor-conserving scalar bosons have shared a common feature with the Type-X
two-Higgs-doublet model [27-30], the muon-specific two-Higgs-doublet model [31], and the
Ay symmetric neutrino mass models [32-34].

9Here the diagonal VEV of ¥ is assumed to be induced in a way similar to that of ®, as can be arranged
with a similar setup in the scalar potential.
10A similar process for flavon has been discussed in the literature [24].

~13 -



6 Summary and discussion

In this work, we propose a model that extends the Standard Model (SM) gauge group
with the SU(2),, symmetry that transforms between the second and third generations of
the SM leptons. To break such a symmetry and generate mass splitting between the p
and 7 leptons, we introduce two exotic scalar fields in addition to the SM Higgs doublet.
One of the new scalar fields is a SM gauge singlet and transforms as a doublet under
the new lepton flavor symmetry. It develops a vacuum expectation value (VEV) much
larger than the electroweak scale to completely break the SU(2),, symmetry, rendering
three degenerate massive gauge bosons denoted by X3 . The other exotic scalar field
transforms as an SU(2),, triplet and an SU(2); doublet simultaneously. As a simple
scenario, the flavor-conserving component of this SU(2),--triplet is induced by either the
SU(2) - or SM electroweak symmetry breaking to have a VEV. With the two sets of Yukawa
couplings of ;1 and 7 with the SM Higgs doublet field and the exotic SU(2),-triplet, one
obtains mass splitting between the otherwise degenerate p and 7 leptons.

We have computed the contributions of the new particles to the muon anomalous
magnetic moment. For definiteness, we divide the discussions into three scenarios: (i)
contributions from the new gauge bosons only, (ii) contributions from the flavor-changing
scalar bosons only, and (iii) contributions from the flavor-conserving scalar bosons only. For
each of the scenarios, we have obtained the allowed parameter space for some benchmark
parameter sets. We find that the observed muon g — 2 anomaly generally favors mass of
the new particles in the regime of O(10 — 1000) GeV and a sufficiently large ratio of the
SM Higgs doublet VEV to the exotic triplet VEV.

Since the new gauge bosons and the flavor-violating scalar bosons mediate the
T — uv,v, decay but not the 7 — ev; 7, decay, we also discuss the constraint from the
measured lepton universality ratio. We find that if only the new gauge bosons are consid-
ered, the lepton universality constraint completely rules out the parameter region favored
by the muon g — 2. If only the flavor-changing scalar bosons are included, on the other
hand, a significantly large parameter space is still allowed by both data. Current search
limits of the charged Higgs boson rule out part of the region.
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Original field Mass eigenstates Electric charge Cp Lepton Flavor
(St hs, ho) (s,H,h) 0 even conserving
(S§, 23, 20) ((X3)r, 21, A) 0 odd conserving

(wy,wd) (WH)p, HT) +1 — conserving

(S, 0%,0)  (X4)r, Hy,hy) 0 — changing

(¢3,07) (01, 07) +1 — changing

Table 2. Properties of different sets of scalar fields in the model. The subscript L in the mass
eigenstates denotes the longitudinal mode of the corresponding field.

A Mass matrices for scalar fields

The mass matrices for the scalar fields associated with the SU(2),, symmetry are decom-
posed as

1 Sg 1 SO +
_ _ w
VMaSS :5 (S(}]l h3 ho) Mg,even h3 +§ (SS Z3 ZO) MO2,0dd 23 + (Ck)g WO ) Mgc <w1>

hg 0 ’
-S4 ot
(=80 o o) M2 | oL |+ (0 o3) Mic| 1), (A1)
o0 -

where the electric charges, CP-parity, and lepton flavor property of each set of scalar fields
are summarized in table 2.

The mass-squared matrices in eq. (A.1) are given by

2
2)‘51{% (2M§252 Aps1)Usv3 —(2%25%—%5)“3”0
2
Mg,even: —<2M§ U2 /\<1>31)USU3 %”0"‘)‘1”:’% —<AUL2—)‘345)USUO , (A2)
_(2MTQZ%_>‘OS)USUO —(%22—)‘345)1’3”0 Af*;v§+>\2®8
0 0 0
Mg,odd:(MQ_)%UQ) 0 wvg/v* —wvswo/v? |, (A.3)
0 —v3vp/v?  v3/v?
b\ by 27,2 _ 2
Moo= (224052 vp/v ) v:;vo/;f 7 (A4)
2 —v3vp/v®  v5/v

0 0 0

M2=vT|[0 o (1+4v3) —%v%dl%—élvg/v% v, (A.5)

0— )‘%SQUSUS\/1+4’U3/’US 02 ()\’” +)\5v3)

)\432 —R 0
] r2 ¢:l: + e(ﬁ)vov?)
+C ( 0 2, Aesy 2+Re( Yogus | (A-6)

m¢i B}

~15 —



where M? is defined as (M?/v?)vgvg = Altv?g/él, and Ass5 = A3 + A\g + As5. The parameters
u%, p3 and mé are eliminated by vacuum conditions. The unitary matrix V is given by

Vg 2v4
\/”s+4U3 Vvi+dvd 0 1 (1] (1)
V= U3 Ys 0 = —& AT
v v O | 4 A
0 0 1 V2 V2

B New gauge interactions for p and T

The gauge kinetic terms for the p and 7 leptons are given by

iLo(P)5L" =i LyPLy+i L DL~ DX XN (b~ TN T AV~ T YAV L)

g _ - . -
7\7); [XJ);(ML%\TLWLVMLVAVTL)JFXi(TL’YAMLJFVTLVAVuL) ) (B.1)
i@a(,@/)aﬂeRﬁ :'LEH,EMR‘FZGBTR
g _ _ g _ _
_TXX:?(MR’Y/\NR_TR'YATR)_%(XiNR’YATR"FXiTR')’AMR)a (B.2)

where D? is the covariant derivative in the SM.

C New Yukawa interactions for p and 7

In this work, we impose the relations 2M? /v3 = Agg1v?/vd = Aogv?/v3 (ie., a1 = ag = 0)
for a simplified version of the model. In this special case, a3 = « is the mixing angle between
the CP-even, lepton flavor-conserving Higgs bosons as in the conventional CP-conserving
two-Higgs-doublet model. The flavor-diagonal Yukawa terms rewritten in terms of the mass
eigenstates are

L, (yo®o+yPs)pup+Lr(yo Po—yP3)mp+H.c.
=+u Mupp+7, MR

(M 1 1 M =M
*“L{J<S“““> *J"ﬂas}“Rh‘Z“LJ“RZ“ﬁ%J“R“
248

|
S
t~
—N
E
7N
.
T
Q
+
V2]
P
Q
H“}—l
N———
_l_
£

1 M 1 M. 1
S £ e
v 593 v t26 U Sy

1 1 M, ) M,
—|—7'L{ — (55_a+05_at> +—tega— }TRh—’L'TLTRZ—i—Z V2L rpwt
s v v

_ [ M, n 1 +Mu 1 I M, 1 +M 1 A
—Tr9— | —Cs-at+S—aT— —S5— TrH —1T, —— T
L B—a ﬂat v Baw R L Ut%’ U Sy R

M, 1 M 1 M., 1 M, 1
+i\/§uL{“+T}uRH++z\f2VTL{ +“}TRH+
28 U S9g v t25 U S9p
+H.c., (C.1)
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where 1/top = (1 — t%)/2t5, 1/s95 = (1 + t%)/2t5, and the Yukawa coupling constants are
determined by the charged lepton masses as

\/§M +M7— \/iM _MT
_ veTu _ veTp

o Vo 2 ’ V3 2

(C.2)

We note that the requirement of perturbativity for the Yukawa coupling |y| < 47 leads to

a lower bound on vs:

|Mu — MT|
421

The flavor off-diagonal Yukawa interactions, on the other hand, are given by

vz > ~ 90 MeV (tanﬁ < 2400). (C.3)

yV2(L,®i7p + L ®_pp) + He.

M,— M, ( _ _ o
_ #{s,@v LTSy + (carcy — so75)THy — i(Sarcp + carys)Thiy
V2veg

+\f2y7LTR¢i+\/§@uTL¢;}+H.c. (C.4)

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.

References

[1] A. Czarnecki and W.J. Marciano, The Muon anomalous magnetic moment: A Harbinger for
‘new physics’, Phys. Rev. D 64 (2001) 013014 [hep-ph/0102122] [INSPIRE].

[2] PARTICLE DATA GROUP collaboration, C. Patrignani et al., Review of Particle Physics,
Chin. Phys. C 40 (2016) 100001 [NnSPIRE].

[3] K. Hagiwara, R. Liao, A.D. Martin, D. Nomura and T. Teubner, (g — 2),, and a(M%)
re-evaluated using new precise data, J. Phys. G 38 (2011) 085003 [arXiv:1105.3149]
[INSPIRE].

[4] M. Benayoun, P. David, L. DelBuono and F. Jegerlehner, Upgraded Breaking Of The HLS
Model: A Full Solution to the T—eTe™ and ¢ Decay Issues And Its Consequences On g — 2
VMD Estimates, Eur. Phys. J. C 72 (2012) 1848 [arXiv:1106.1315] [INSPIRE].

[5] X.G. He, G.C. Joshi, H. Lew and R.R. Volkas, New-Z' Phenomenology, Phys. Rev. D 43
(1991) 22 [NSPIRE].

[6] R. Foot, New Physics From Electric Charge Quantization?, Mod. Phys. Lett. A 6 (1991) 527
[INSPIRE].

[7] X.-G. He, G.C. Joshi, H. Lew and R.R. Volkas, Simplest Z-prime model, Phys. Rev. D 44
(1991) 2118 [iNSPIRE].

[8] S. Baek, N.G. Deshpande, X.G. He and P. Ko, Muon anomalous g — 2 and gauged L, — L,
models, Phys. Rev. D 64 (2001) 055006 [hep-ph/0104141] [INSPIRE].

9] E. Ma, D.P. Roy and S. Roy, Gauged L,, — L, with large muon anomalous magnetic moment
and the bimazimal mizing of neutrinos, Phys. Lett. B 525 (2002) 101 [hep-ph/0110146]
[INSPIRE].

17 -


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1103/PhysRevD.64.013014
https://arxiv.org/abs/hep-ph/0102122
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0102122
https://doi.org/10.1088/1674-1137/40/10/100001
https://inspirehep.net/search?p=find+J+%22Chin.Phys.,C40,100001%22
https://doi.org/10.1088/0954-3899/38/8/085003
https://arxiv.org/abs/1105.3149
https://inspirehep.net/search?p=find+EPRINT+arXiv:1105.3149
https://doi.org/10.1140/epjc/s10052-011-1848-2
https://arxiv.org/abs/1106.1315
https://inspirehep.net/search?p=find+EPRINT+arXiv:1106.1315
http://dx.doi.org/10.1103/PhysRevD.43.R22
http://dx.doi.org/10.1103/PhysRevD.43.R22
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D43,22%22
https://doi.org/10.1142/S0217732391000543
https://inspirehep.net/search?p=find+J+%22Mod.Phys.Lett.,A6,527%22
https://doi.org/10.1103/PhysRevD.44.2118
https://doi.org/10.1103/PhysRevD.44.2118
https://inspirehep.net/search?p=find+J+%22Phys.Rev.,D44,2118%22
https://doi.org/10.1103/PhysRevD.64.055006
https://arxiv.org/abs/hep-ph/0104141
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0104141
https://doi.org/10.1016/S0370-2693(01)01428-9
https://arxiv.org/abs/hep-ph/0110146
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0110146

[10]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

K. Harigaya, T. Igari, M.M. Nojiri, M. Takeuchi and K. Tobe, Muon g-2 and LHC
phenomenology in the L, — L. gauge symmetric model, JHEP 03 (2014) 105
[arXiv:1311.0870] [INSPIRE].

P. Binetruy, S. Lavignac, S.T. Petcov and P. Ramond, Quasidegenerate neutrinos from an
Abelian family symmetry, Nucl. Phys. B 496 (1997) 3 [hep-ph/9610481] [INSPIRE].

N.F. Bell and R.R. Volkas, Bottom up model for mazimal v, — v, mizing, Phys. Rev. D 63
(2001) 013006 [hep-ph/0008177] [INSPIRE].

S. Choubey and W. Rodejohann, A flavor symmetry for quasi-degenerate neutrinos:
L, — L;, Eur. Phys. J. C 40 (2005) 259 [hep-ph/0411190] [INSPIRE].

B. Ahlgren, T. Ohlsson and S. Zhou, Comment on “Is Dark Matter with Long-Range
Interactions a Solution to All Small-Scale Problems of A Cold Dark Matter Cosmology?”,
Phys. Rev. Lett. 111 (2013) 199001 [arXiv:1309.0991] [INSPIRE].

W. Altmannshofer, S. Gori, M. Pospelov and 1. Yavin, Neutrino Trident Production: A
Powerful Probe of New Physics with Neutrino Beams, Phys. Rev. Lett. 113 (2014) 091801
[arXiv:1406.2332] [INSPIRE].

S.N. Gninenko, N.V. Krasnikov and V.A. Matveev, Muon g — 2 and searches for a new
leptophobic sub-GeV dark boson in a missing-energy experiment at CERN, Phys. Rev. D 91
(2015) 095015 [arXiv:1412.1400] [INSPIRE].

J. Heeck and W. Rodejohann, Gauged L, — L, Symmetry at the Electroweak Scale, Phys.
Rev. D 84 (2011) 075007 [arXiv:1107.5238] InSPIRE].

W. Altmannshofer, C.-Y. Chen, P.S. Bhupal Dev and A. Soni, Lepton flavor violating Z'
explanation of the muon anomalous magnetic moment, Phys. Lett. B 762 (2016) 389
[arXiv:1607.06832] [iNSPIRE].

Y. Omura, E. Senaha and K. Tobe, Lepton-flavor-violating Higgs decay h — pt and muon
anomalous magnetic moment in a general two Higgs doublet model, JHEP 05 (2015) 028
[arXiv:1502.07824] InSPIRE].

S. Kanemura, Y. Okada, H. Taniguchi and K. Tsumura, Indirect bounds on heavy scalar
masses of the two-Higgs-doublet model in light of recent Higgs boson searches, Phys. Lett. B
704 (2011) 303 [arXiv:1108.3297] INSPIRE].

ATLAS collaboration, Search for direct production of charginos, neutralinos and sleptons in
final states with two leptons and missing transverse momentum in pp collisions at
Vs =8 TeV with the ATLAS detector, JHEP 05 (2014) 071 [arXiv:1403.5294] [InSPIRE].

ATLAS collaboration, Search for electroweak production of supersymmetric particles in the
two and three lepton final state at \/s = 13 TeV with the ATLAS detector,
ATLAS-CONF-2017-039 (2017).

K. Asai, K. Hamaguchi and N. Nagata, Predictions for the neutrino parameters in the
minimal gauged U(1)r, —r, model, Eur. Phys. J. C 77 (2017) 763 [arXiv:1705.00419]
[INSPIRE].

Y. Muramatsu, T. Nomura, Y. Shimizu and H. Yokoya, Light flavon signals at
electron-photon colliders, Phys. Rev. D 97 (2018) 015003 [arXiv:1707.06542] [INSPIRE].

DUNE collaboration, R. Acciarri et al., Long-Baseline Neutrino Facility (LBNF) and Deep
Underground Neutrino Ezperiment (DUNE), arXiv:1512.06148 [INSPIRE].

~ 18 —


https://doi.org/10.1007/JHEP03(2014)105
https://arxiv.org/abs/1311.0870
https://inspirehep.net/search?p=find+EPRINT+arXiv:1311.0870
https://doi.org/10.1016/S0550-3213(97)00211-3
https://arxiv.org/abs/hep-ph/9610481
https://inspirehep.net/search?p=find+EPRINT+hep-ph/9610481
https://doi.org/10.1103/PhysRevD.63.013006
https://doi.org/10.1103/PhysRevD.63.013006
https://arxiv.org/abs/hep-ph/0008177
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0008177
https://doi.org/10.1140/epjc/s2005-02133-1
https://arxiv.org/abs/hep-ph/0411190
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0411190
https://doi.org/10.1103/PhysRevLett.111.199001
https://arxiv.org/abs/1309.0991
https://inspirehep.net/search?p=find+EPRINT+arXiv:1309.0991
https://doi.org/10.1103/PhysRevLett.113.091801
https://arxiv.org/abs/1406.2332
https://inspirehep.net/search?p=find+EPRINT+arXiv:1406.2332
https://doi.org/10.1103/PhysRevD.91.095015
https://doi.org/10.1103/PhysRevD.91.095015
https://arxiv.org/abs/1412.1400
https://inspirehep.net/search?p=find+EPRINT+arXiv:1412.1400
https://doi.org/10.1103/PhysRevD.84.075007
https://doi.org/10.1103/PhysRevD.84.075007
https://arxiv.org/abs/1107.5238
https://inspirehep.net/search?p=find+EPRINT+arXiv:1107.5238
https://doi.org/10.1016/j.physletb.2016.09.046
https://arxiv.org/abs/1607.06832
https://inspirehep.net/search?p=find+EPRINT+arXiv:1607.06832
https://doi.org/10.1007/JHEP05(2015)028
https://arxiv.org/abs/1502.07824
https://inspirehep.net/search?p=find+EPRINT+arXiv:1502.07824
https://doi.org/10.1016/j.physletb.2011.09.035
https://doi.org/10.1016/j.physletb.2011.09.035
https://arxiv.org/abs/1108.3297
https://inspirehep.net/search?p=find+EPRINT+arXiv:1108.3297
https://doi.org/10.1007/JHEP05(2014)071
https://arxiv.org/abs/1403.5294
https://inspirehep.net/search?p=find+EPRINT+arXiv:1403.5294
http://cds.cern.ch/record/2267406
https://doi.org/10.1140/epjc/s10052-017-5348-x
https://arxiv.org/abs/1705.00419
https://inspirehep.net/search?p=find+EPRINT+arXiv:1705.00419
https://doi.org/10.1103/PhysRevD.97.015003
https://arxiv.org/abs/1707.06542
https://inspirehep.net/search?p=find+EPRINT+arXiv:1707.06542
https://arxiv.org/abs/1512.06148
https://inspirehep.net/search?p=find+EPRINT+arXiv:1512.06148

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

SHIP collaboration, M. Anelli et al., A facility to Search for Hidden Particles (SHiP) at the
CERN SPS, arXiv:1504.04956 [INSPIRE].

S. Kanemura, K. Tsumura and H. Yokoya, Multi-tau-lepton signatures at the LHC in the two
Higgs doublet model, Phys. Rev. D 85 (2012) 095001 [arXiv:1111.6089] [INSPIRE].

S. Kanemura, K. Tsumura and H. Yokoya, Multi-Tau Lepton Signatures in Leptophilic Two
Higgs Doublet Model at the ILC, in International Workshop on Future Linear Colliders
(LCWS11), Granada, Spain, September 26-30, 2011 [arXiv:1201.6489] [INSPIRE].

T. Abe, R. Sato and K. Yagyu, Lepton-specific two Higgs doublet model as a solution of
muon g — 2 anomaly, JHEP 07 (2015) 064 [arXiv:1504.07059] [InSPIRE].

E.J. Chun, Z. Kang, M. Takeuchi and Y.-L.S. Tsai, LHC t-rich tests of lepton-specific
2HDM for (g — 2),, JHEP 11 (2015) 099 [arXiv:1507.08067] [INSPIRE].

T. Abe, R. Sato and K. Yagyu, Muon specific two-Higgs-doublet model, JHEP 07 (2017) 012
[arXiv:1705.01469] [INSPIRE].

E. Ma and G. Rajasekaran, Softly broken A4 symmetry for nearly degenerate neutrino
masses, Phys. Rev. D 64 (2001) 113012 [hep-ph/0106291] [INSPIRE].

T. Fukuyama, H. Sugiyama and K. Tsumura, Phenomenology in the Higgs Triplet Model
With the Ay Symmetry, Phys. Rev. D 82 (2010) 036004 [arXiv:1005.5338] [INSPIRE].

T. Fukuyama, H. Sugiyama and K. Tsumura, Phenomenology in the Zee Model with the A4
Symmetry, Phys. Rev. D 83 (2011) 056016 [arXiv:1012.4886] [INSPIRE].

~19 —


https://arxiv.org/abs/1504.04956
https://inspirehep.net/search?p=find+EPRINT+arXiv:1504.04956
https://doi.org/10.1103/PhysRevD.85.095001
https://arxiv.org/abs/1111.6089
https://inspirehep.net/search?p=find+EPRINT+arXiv:1111.6089
https://arxiv.org/abs/1201.6489
https://inspirehep.net/search?p=find+EPRINT+arXiv:1201.6489
https://doi.org/10.1007/JHEP07(2015)064
https://arxiv.org/abs/1504.07059
https://inspirehep.net/search?p=find+EPRINT+arXiv:1504.07059
https://doi.org/10.1007/JHEP11(2015)099
https://arxiv.org/abs/1507.08067
https://inspirehep.net/search?p=find+EPRINT+arXiv:1507.08067
https://doi.org/10.1007/JHEP07(2017)012
https://arxiv.org/abs/1705.01469
https://inspirehep.net/search?p=find+EPRINT+arXiv:1705.01469
https://doi.org/10.1103/PhysRevD.64.113012
https://arxiv.org/abs/hep-ph/0106291
https://inspirehep.net/search?p=find+EPRINT+hep-ph/0106291
https://doi.org/10.1103/PhysRevD.82.036004
https://arxiv.org/abs/1005.5338
https://inspirehep.net/search?p=find+EPRINT+arXiv:1005.5338
https://doi.org/10.1103/PhysRevD.83.056016
https://arxiv.org/abs/1012.4886
https://inspirehep.net/search?p=find+EPRINT+arXiv:1012.4886

	Introduction 
	Model of gauged SU(2)(mu tau) 
	Muon g-2 
	Michel decays of tau 
	Neutrino and collider phenomenology
	Summary and discussion
	Mass matrices for scalar fields 
	New gauge interactions for mu and tau 
	New Yukawa interactions for mu and tau 

