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Inspired by the recent CMS h → μτ excess, we calculate the lepton flavor violating Higgs decay h → μτ

in the littlest Higgs model with T parity (LHT). Under the constraints of li → ljγ, Z → lilj and Higgs

data, we find that the branching ratio of h → μτ can maximally reach Oð10−4Þ. We also investigate the
correlation between h → μτ, τ → μγ, and Z → μτ, which can be used to test the LHT model at future eþe−

colliders.
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I. INTRODUCTION

The discovery of the Higgs boson at the Large Hadron
Collider (LHC) [1] is a great step toward understanding the
electroweak symmetry breaking (EWSB) mechanism. To
ultimately establish its nature, a precise study of the Higgs
boson properties, in particular the Higgs rare decays and
productions [2], will be important tasks at LHC and future
colliders.
In fact, CMS 8 TeV data has shown a 2.4 excess in

searching for Higgs mediated lepton flavor violation (LFV)
process h → τμ, which is interpreted to the branching ratio:
Brðh → μτÞ < 1.51 × 10−2ðCMSÞ [3]. While ATLAS only
observed a small excess in one of the signal
regions and reported an upper limit: Brðh → μτÞ <
1.43 × 10−2ðATLASÞ [4]. From the available data it is
premature to draw any definite conclusion and more data is
needed to confirm its existence. However, the lepton flavor
violating decay of the Higgs boson is widely predicted in
various extensions of the standard model (SM), such as
seesaw [5], supersymmetric (SUSY) [6], two-Higgs dou-
blet model (2HDM) [7], 3-3-1 model [8], and other ones
[9]. In the SM, the LFV process is extremely suppressed by
Glashow-Iliopoulos-Maiani (GIM) mechanism [10] due to
the smallness of neutrino mass. So, any observation of such
decays would indicate the new physics beyond the SM.
As an extension of the SM, the littlest Higgs Model with

T parity (LHT) is one of the popular candidates that can
successfully solve the hierarchy problem. The LHT model
predicts many new particles, such as heavy gauge bosons,
mirror fermions, heavy scalars and heavy top partners.
Moreover, the flavor structure of the LHT model is richer
than the one of the SM, mainly due to the presence of the
mirror fermions and their weak interactions with the

ordinary fermions. It has been shown that the LHT model
can give significant contributions to some LFV processes
[11]. In this work, we investigate the LFV process h → μτ
in the LHT model under the current constraint of li → ljγ,
Z → lilj and Higgs data.
The paper is organized as follows. In Sec. II we give a

brief review of the LHT model related to our work. In
Sec. III we calculate the LFV process h → μτ in unitary
gauge under current constraints. In Sec. IV we investigate
the correlation between h → μτ, τ → μγ and Z → μτ in the
LHT model. Finally, we draw our conclusions in Sec. V.

II. A BRIEF REVIEW OF THE LHT MODEL

The LHT model is based on an SUð5Þ=SOð5Þ nonlinear
σ model [12], where the SUð5Þ global symmetry is broken
down to SOð5Þ at the scale f ∼O (TeV) by the vacuum
expectation value (VEV) of the σ field, Σ0, given by

Σ0 ¼ hΣi

0
B@

02×2 0 12×2
0 1 0

12×2 0 02×2

1
CA: ð1Þ

The VEV Σ0 also breaks the gauged subgroup
½SUð2Þ × Uð1Þ�2 of the SUð5Þ down to the SM electroweak
SUð2ÞL ×Uð1ÞY . After EWSB, the new T-odd gauge
bosonsW�

H, ZH, AH acquires masses, given atOðv2=f2Þ by

MWH
¼ MZH

¼ gf

�
1 −

v2

8f2

�
; MAH

¼ g0fffiffiffi
5

p
�
1 −

5v2

8f2

�
;

ð2Þ

with g and g0 being the SM SUð2Þ and Uð1Þ gauge
couplings, respectively. The T-even W� and Z bosons of
the SM, whose masses at Oðv2=f2Þ are given by
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MW ¼ gv
2

�
1 −

v2

12f2

�
; MZ ¼ gv

2 cos θW

�
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v2

12f2

�
;

MA ¼ 0: ð3Þ

Here, v represents the Higgs doublet VEV, which can be
given by

v ¼ fffiffiffi
2

p arccos

�
1 −

v2SM
f2

�
≃ vSM

�
1þ 1

12

v2SM
f2

�
; ð4Þ

where vSM ¼ 246 GeV is the SM Higgs VEV.
The implementation of T parity in the fermion sector

requires the introduction of mirror fermions. Then, the
T-odd mirror partners for each SM fermions are added and
one can write down a Yukawa-type interaction to give
masses to the mirror fermions

Lmirror ¼ −κijfðΨi
2ξþΨi

1Σ0Ωξ†ΩÞΨj
R þ H:c: ð5Þ

where i, j ¼ 1, 2, 3 are the generation indices. After
EWSB, the mirror leptons acquire masses, given at
Oðv2=f2Þ by

mliH
¼

ffiffiffi
2

p
κif; mνiH

¼ mliH

�
1 −

v2

8f2

�
; ð6Þ

where κi are the eigenvalues of the mass matrix κ.
As discussed in detail in Ref. [13], the existence of two

Cabibbo-Kobayashi-Maskawa (CKM)-like unitary mixing
matrices VHl and VHν is one of the important ingredients in
the mirror lepton sector. Note that VHl and VHν are related
through the Pontecorvo-Maki-Nakagata-Saki (PMNS)
matrix:

V†
HνVHl ¼ V†

PMNS; ð7Þ

where in VPMNS the Majorana phases are set to zero as no
Majorana mass term has been introduced for right-handed
neutrinos.
Follow Ref. [14], the matrix VHl can be parametrized

with three mixing angles θl12, θ
l
23, θ

l
13 and three complex

phases δl12, δ
l
23, δ

l
13

VHl ¼

0
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For the Yukawa interactions of the down-type quarks and
charged leptons, one of the possible effective Lagrangians
[15] is given by

Ldown ¼
iλd
2

ffiffiffi
2

p fϵijϵxyz½ðΨ0
2ÞxΣiyΣjzX − ðΨ0

1Σ0Þx ~Σiy
~Σjz

~X�dR;

ð9Þ

where Ψ0
1¼ð−σ2q1;0;02ÞT, Ψ0

2 ¼ ð02; 0;−σ2q2ÞT, i,
j ¼ 1, 2 and x; y; z ¼ 3, 4, 5. Here X transforms into ~X
under T parity, and it is a singlet under SUð2Þiði ¼ 1 − 2Þ
and its Uð1Þiði ¼ 1 − 2Þ charges are ðY1; Y2Þ ¼
ð1=10;−1=10Þ. Usually, there are two possible choices
for X: X ¼ ðΣ33Þ−1=4 (denoted as Case A) and X ¼ ðΣ†

33Þ1=4
(denoted as Case B), where Σ33 is the (3, 3) component of
the nonlinear sigma model field Σ. At orderOðv4SM=f4Þ, the
corresponding corrections to the Higgs couplings with
respect to their SM values are given by (d≡ d; s; b;l�

i )

ghdd
gSM
hdd

¼ 1 −
1

4

v2SM
f2

þ 7

32

v4SM
f4

Case A

ghdd
gSM
hdd

¼ 1 −
5

4

v2SM
f2

−
17

32

v4SM
f4

Case B: ð10Þ

III. BRANCHING RATIO FOR h → μτ
IN THE LHT MODEL

In the LHT model, the relevant Feynman diagrams of
the decay h → μτ at one-loop level in unitary gauge are
shown in Fig. 1, where the Goldstone bosons do not
appear. We can see that the flavor violating interactions
between SM charged leptons and mirror leptons are
mediated by the heavy gauge bosons AH, ZH, W�

H.
According to our calculation, we find that the contri-
butions of the self-energy diagram and the contributions
of the vertex diagram are at different order, i.e.
Γvertex ∝ Oðv2=f2ÞΓself . To be clear, we show the rel-
evant Feynman rules and the explicit expressions of the
h → μτ invariant amplitudes in Appendix A and
Appendix B, respectively. This implies that the dom-
inant contributions come from the self-energy diagrams,
so we can calculate the invariant amplitude up to
Oðv=fÞ and ignore the contributions of the vertex
diagram. We checked the divergence in the self-energy
diagrams and found that the divergent terms have been
canceled. Each loop diagram is composed of some
scalar loop functions [16], which are calculated by
using LoopTools [17].
In our numerical calculations, the SM parameters are

taken as follows [18]
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sin2θW ¼ 0.231; αe ¼ 1=128; MZ ¼ 91.1876 GeV;

mμ ¼ 105.66 MeV; mτ ¼ 1776.82 MeV;

mh ¼ 125 GeV: ð11Þ

The LHT parameters related to our calculations are the
scale f, the Yukawa couplings κi of the mirror neutrinos
and the parameters in the matrices VHl; VHν. For the mirror
neutrino masses, we assume

ml1H
¼ ml2H

¼ mν1H
¼ mν2H

¼ M12 ¼
ffiffiffi
2

p
κ12f;

ml3H
¼ mν3H

¼ M3 ¼
ffiffiffi
2

p
κ3f: ð12Þ

For the Yukawa couplings, the search for the monojet
events at the LHC Run-1[19] give the constraint κi ≥ 0.6.
Considering the constraints in Ref. [20], we scan over the
free parameters f, κ12 and κ3 within the following region

500 GeV ≤ f ≤ 2000 GeV; 0.6 ≤ κ12 ≤ 3;

0.6 ≤ κ3 ≤ 3:

For the parameters in the matrices VHν, VHl, we follow
Ref. [21] to consider the two scenarios as follows:

(i) Scenario I: VHν ¼ I, VHl ¼ V†
PMNS;

(ii) Scenario II: VHl ¼ VCKM.
where the PMNS matrix [22] and CKM matrix [18] are
given by

VPMNS ¼

0
B@

0.822þ0.010
−0.011 0.547þ0.016

−0.015 0.155� 0.008

0.451þ0.014
−0.014 0.648þ0.012

−0.014 0.614þ0.019
−0.017

0.347þ0.016
−0.014 0.529þ0.015

−0.014 0.774þ0.013
−0.015

1
CA;

ð13Þ

VCKM ¼

0
B@

0.97427� 0.00014 0.22536� 0.00061 0.00355� 0.00015

0.22522� 0.00061 0.97344� 0.00015 0.0414� 0.0012

0.00886þ0.00033
−0.00032 0.0405þ0.0011

−0.0012 0.99914� 0.00005

1
CA: ð14Þ

Furthermore, we will consider the constraint from the
global fit of the current Higgs data and the electroweak
precision observables (EWPOs) [23] as shown in Fig. 2.
In Fig. 3, we show the branching ratios of h → μτ in the

κ3 ∼ f plane for two scenarios with excluded regions of
Case A and Case B, where the h → μτ and h → τμ modes
have been summed. From the left panel of Fig. 4, we can

see that the branching ratio of h → μτ in scenario I can
reach about 2 × 10−4 at 2σ level for Case A, which will
become larger for Case B. From the right panel of Fig. 3,
we can see that the branching ratio of h → μτ in scenario II
can reach over 4 × 10−7 at 2σ level, which is three orders of
magnitude smaller than the one in scenario I. We can see
that the behaviors for two scenarios are very different due to

(a) (b)

(c) (d)

FIG. 1. Feynman diagrams of the decay h → μ�τ∓ at one-loop level in unitary gauge. (a),(b) are vertex diagrams and (c),(d) are self-
energy diagrams.
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the different selection of the matrix VHl. From the two
panels of Fig. 3, we can see that the large branching ratios
mainly lie in the upper-left corner for scenario I and upper-
left or lower-left corners for scenario II, where the scale f is
small and the Yukawa coupling κ3 is either too large or
too small.
In Fig. 4, we show the branching ratios of h → μτ in the

jM3 −M12j ∼ f plane for two scenarios, respectively. We
can see that the branching ratio of h → μτ is insensitive to
the mass splitting jM3 −M12j values for scenario I. The
largest branching ratios lie in the region of the contour
figure with small f and jM3 −M12j of 0–2 TeV. For

scenario II, we can see that the branching ratio of h → μτ
is enhanced by the increasing mass splitting jM3 −M12j.
The largest branching ratios lie in the upper-left
of the contour figure with small f and jM3 −M12j of
1–2 TeV.

IV. CORRELATION BETWEEN
h → μτ, τ → μγ, AND Z → μτ

The upper limits on the LFV processes τ → μγ and
Z → μτ are set: Brðτ → μγÞ < 4.4 × 10−8 [24], BrðZ →
μτÞ < 1.69 × 10−5 [25], which may further strengthen the
bounds on the branching ratios of h → μτ.
In Fig. 5, we show the correlation between Brðh → μτÞ

and Brðτ → μγÞ in two scenarios. The Brðτ → μγÞ can
easily be obtained from Eq. (3.21) in Ref. [26], where we
take Brðτ− → ντμ

−νμÞ ¼ ð17.41� 0.04Þ%, and few other
studies on such processes can be found in Ref. [27].
In Scenario I, we can see that a minority of points is
outside the allowed range, which implies that the VHl

matrix must be more hierarchical than VPMNS in order to
satisfy the present upper bounds on h → μτ and τ → μγ. In
Scenario II, we can see that all the points are in allowed
range, this is because VCKM matrix is much more hierar-
chical than VPMNS.
In Fig. 6, we show the correlation between Brðh → μτÞ

and BrðZ → μτÞ in two scenarios. The partial Z decay
width ΓðZ → μτÞ can be calculated by using LoopTools, the
relevant Feynman diagrams can be found in Ref. [28]. In
Scenario I, we can see that all the points violate the current
experimental bounds and the great majority of points
exceed Oð10−4Þ. This will require that the VHl matrix
must be more hierarchical than VPMNS, unless the mirror
lepton masses are quasidegenerate. In Scenario II, we can

FIG. 3. Branching ratios of h → μτ in the κ3 ∼ f plane for two scenarios with excluded regions of Case A and Case B, respectively.
The red lines and blue lines respectively correspond to 1σ and 2σ exclusion limits as shown in Fig. 2.

FIG. 2. Excluded regions (above each contour) in the κ ∼ f
plane of the LHT model for Case A and Case B, where the
parameter R is marginalized over. The solid (dash) lines from
right to left respectively correspond to 1σ, 2σ, and 3σ exclusion
limits for Case A(Case B).
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FIG. 6. Correlation between Brðh → μτÞ and BrðZ → μτÞ for two scenarios.

FIG. 5. Correlation between Brðh → μτÞ and Brðτ → μγÞ for two scenarios.

FIG. 4. Branching ratios of h → μτ in the jM3 −M12j ∼ f plane for two scenarios.

LEPTON FLAVOR VIOLATING HIGGS BOSON DECAY … PHYSICAL REVIEW D 95, 035010 (2017)

035010-5



see that all the points satisfy the current upper bounds due
to the large hierarchy of the VCKM matrix.

V. CONCLUSIONS

In this paper, we calculated LFV Higgs decay
h → μτ at one-loop level in the LHT model. According
to the parameters in the mixing matrices, we consi-
dered two scenarios and found that the branching ratios
for h → μτ can respectively reach Oð10−4Þ and Oð10−7Þ
under the current experimental constraints. We also
investigated the correlation between h → μτ, τ → μγ,
and Z → μτ, and found that the Z → μτ can give a
substantial constraint on the h → μτ, which required that
the VHl matrix must have a very different hierarchy from
VPMNS matrix.
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APPENDIX A: FEYNMAN RULES

Interaction Feynman rule Interaction Feynman rule

Hν̄jHν
j
H i

m
ν
j
H
v

v2

4f2
HAHαAHβ − i

2
g02vgαβ

l̄j
HAHαlk − ig0

10
ðVHlÞjkγαPL

HZHαZHβ − i
2
g2vgαβ

l̄j
HZHαlk ig

2
ðVHlÞjkγαPL HAHαZHβ − i

2
g0gvgαβ

ν̄jHW
þ
Hαl

k − igffiffi
2

p ðVHlÞjkγαPL HWþ
HαW

−
Hβ − i

2
g2vgαβ

APPENDIX B: THE EXPRESSION OF THE h → μτ INVARIANT AMPLITUDES

They can be represented in form of 1-point, 2-point, and 3-point standard functions A, B0, B1, Cij. Here the momenta pμ,
pτ are assumed to be outgoing:
(1) The vertex diagram contribution:

ΓWHνH
ðaÞ ¼ −

g2

2
ðVHlÞj2ðVHlÞ�j3

m2

νjH
v

4f2
i

16π2

�
4Cβγ

β þ 2C0ðpμ − pτÞ þ
2

m2
WH

~Cβγ
β þ 1

m2
WH

Cβαγ
βðpμ − pτÞγα

�
PL

Cβ ¼ Cβðpμ;−ph;mWH
;mνjH

; mνjH
Þ;

~Cβ ¼ pμβ½−B0ð−ph;mνjH
; mνjH

Þ þm2
WH

C11� − phβ½B1ð−ph;mνjH
; mνjH

Þ þm2
WH

C12� ðB1Þ

ΓWHWH
ðbÞ ¼g2

2

g2v
2

ðVHlÞj2ðVHlÞ�j3
i

16π2

�
2Cβγ

βþ 2

m2
WH

~Cβγ
β−

m4

νjH

m4
WH

Cβγ
β−

1

m4
WH

ð ~Bβγ
β−γβpμγ

νBμνþm2

νjH
Bβγ

βÞ
�
PL

Bβ¼Bβð−ph;mWH
;mWH

Þ; ~Bβ¼−phβ½m2
WH

B1−A0ðmWH
Þ�;

Cβ¼Cβðpμ;−ph;mνjH
;mWH

;mWH
Þ;

~Cβ¼pμβ½−B0ð−ph;mWH
;mWH

Þþm2

νjH
C11�−phβ½B1ð−ph;mWH

;mWH
Þþm2

νjH
C12� ðB2Þ

ΓAHAH
ðbÞ ¼ g02

100

g02v
2

ðVHlÞj2ðVHlÞ�j3
i

16π2

�
2Cβγ

βþ 2

m2
AH

~Cβγ
β−

m4

ljH

m4
AH

Cβγ
β−

1

m4
AH

ð ~Bβγ
β−γβpμγ

νBμνþm2

ljH
Bβγ

βÞ
�
PL

Bβ¼Bβð−ph;mAH
;mAH

Þ; ~Bβ¼−phβ½m2
AH
B1−A0ðmAH

Þ�;
Cβ¼Cβðpμ;−ph;mljH

;mAH
;mAH

Þ;
~Cβ¼pμβ½−B0ð−ph;mAH

;mAH
Þþm2

ljH
C11�−phβ½B1ð−ph;mAH

;mAH
Þþm2

lj
H

C12� ðB3Þ
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ΓAHZH
ðbÞ ¼ g02

20

g2v
2

ðVHlÞj2ðVHlÞ�j3
i

16π2

�
−2Cβγ

β −
1

m2
AH

~Cβγ
β −

1

m2
ZH

~Cβγ
β þ

m4

ljH

m2
AH
m2

ZH

Cβγ
β

þ 1

m2
AH
m2

ZH

ð ~Bβγ
β − γβpμγ

νBμν þm2

ljH
Bβγ

βÞ
�
PLBβ ¼ Bβð−ph;mAH

;mZH
Þ;

~Bβ ¼ −phβ½m2
AH
B1 − A0ðmZH
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; mAH

;mZH
Þ;

~Cβ ¼ pμβ½−B0ð−ph;mAH
;mZH

Þ þm2

ljH
C11� − phβ½B1ð−ph;mAH

;mZH
Þ þm2

ljH
C12� ðB4Þ

ΓZHAH
ðbÞ ¼ g02

20

g2v
2

ðVHlÞj2ðVHlÞ�j3
i

16π2

×

�
−2Cβγ
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1
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1
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β þ

m4
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m2
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m2

ZH
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β þ 1

m2
AH
m2

ZH

ð ~Bβγ
β − γβpμγ

νBμν þm2

ljH
Bβγ

βÞ
�
PL

Bβ ¼ Bβð−ph;mZH
;mAH

Þ; ~Bβ ¼ −phβ½m2
ZH
B1 − A0ðmAH
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; mZH

;mAH
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;mAH

Þ þm2

lj
H
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;mAH
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ljH
C12� ðB5Þ

ΓZHZH
ðbÞ ¼ g2

4

g2v
2
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16π2

×

�
2Cβγ

β þ 2
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ZH

~Cβγ
β −

m4

ljH

m4
ZH

Cβγ
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1
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Bβγ
βÞ
�
PL

Bβ ¼ Bβð−ph;mZH
;mZH

Þ; ~Bβ ¼ −phβ½m2
ZH
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Þ þm2
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H
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ljH
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(2) The self-energy diagram contribution:

ΓμAH
ðcÞ ¼ g02

100

mμ

v
ðVHlÞj2ðVHlÞ�j3

1

p2
τ −m2

μ

i
16π2

�
2mμBβγ

βPL þ mμ

m2
AH

~Bβγ
βPL − 2pτBβγ

βPL −
1
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pτ
~Bβγ

βPL

�
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; mAH

Þ; ~Bβ ¼ pτβ½m2
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H

B1 − A0ðmAH
Þ� ðB7Þ
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v
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1

p2
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μ

i
16π2

�
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�
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