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In this paper, we consider a solution to explain the three discrepancies with the standard model (SM)
predictions in flavor observables, i.e., anomalies in B→K�μþμ− and RK¼BðB→Kμþμ−Þ=BðB→Keþe−Þ
at the LHCb and an excess in h → μτ at the CMS in the context of R-parity violating (RPV)
supersymmetry. We demonstrate that these anomalies can be explained within a unified framework:
the minimal supersymmetry model (MSSM) extended with 5þ 5̄ vectorlike (VL) particles. The new
trilinear RPV couplings involving VL particles in our model can solve the b → s anomalies, and the mixing
between the SM-like Higgs boson and the VL sneutrino can yield the extra h → μτ decay mode.
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I. INTRODUCTION

The LHC has established the discovery of the long
expected Higgs particle. So far, this boson behaves very
SM-like, i.e., its dominated production and decay rates are
close to the SM ones. Precision measurements of its
properties would open a new window into new physics
(NP) beyond the SM. Indeed, CMS recently did observe [1]
a slight excess of events with a significance of 2.4σ in the
lepton-flavor violating (LFV) channel h → μτ, which trans-
lates into a branching ratio of Bðh → μτÞ ¼ ð0.84þ0.39

−0.37Þ% if
interpreted as a signal. Since this lepton flavor violating
process is absent in the SM, various approaches have been
considered to make up the hτμ coupling, (For examples, see
Ref. [2–16]), and many of them are in the framework of
some types of two Higgs doublet models.
In a complementary direction, rare decays mediated

by the flavor-changing neutral currents are powerful
indirect probes into NP beyond the SM. Since 2013,
the LHCb collaboration has reported some anomalies in
b → s transitions, including discrepancies with the SM
predictions in the angular observable P0

5 in B → K�μþμ−

[17] and some branching ratios [18,19]. Furthermore, an
interesting hint for the lepton universality violation is
observed [20] in the theoretically rather clean ratio RK ¼
BðB → Kμþμ−Þ=BðB → Keþe−Þ ¼ 0.745þ0.090

−0.074 � 0.036,
which departs from the SM prediction RSM

K ¼ 1.0003�
0.0001 by 2.6σ [21].
It is interesting that the b → s anomalies can be

explained simultaneously in a model independent approach
by rather large NP contributions to the Wilson coefficients

(mainly to C9) [22–31]. This has attracted considerable
attention from theorists and many efforts have been made to
account for them simultaneously in one specific NP model,
see for example Refs. [27,32–40]. However, only several
models are able to address the flavor anomalies observed
both at the LHCb and the CMS within a unified framework
[41–43], and all of them utilize a Z0 vector boson.
Supersymmetry is a well-motivated extension of the SM.

However, the R-parity conserving MSSM fails to explain
these anomalies simultaneously in the scenario without
sources of flavor violation beyond the CKM matrix [44].
Even in its more general scenario that contains flavor-
changing trilinear couplings, NP effects are rather difficult
to give modest contributions [30]. If R-parity is violated,
the R-parity odd renormalizable Yukawa interactions of
quarks and leptons with scalar superpartners would give
additional sources of flavor violation. Unfortunately, the
RPV interactions in the MSSM only contribute to the
operator O0

9 and O0
10 [45].

Introducing extra generations is one of the simplest ways
to extend the SM (For a review, see [46]. For examples, see
[47–55]). Compared with the extra chiral generations, the
VL extensions are still viable as long as the particular
vectorlike mass terms are heavy enough to escape from
various experimental bounds. Supersymmetric VL exten-
sions have also long been discussed [56–70]. In order not
to disturb the unification of the gauge coupling constants,
which is one of the achievements of the supersymmetry
[71–74], complete multiplets of the representations of the
grand unification theory (GUT) SUð5Þ group are added.
Therefore, models containing copies of 5þ 5̄, 10þ 10
chiral superfields have been discussed in the literature.
However, R-parity conserving 5þ 5̄ extensions of the
MSSM also fails to explain the flavor anomalies. First,
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although the extra squarks do yield box diagrams similar to
those in Refs. [23,30], these contributions are suppressed
due to more cross mass terms being inserted. Second, all
the charged leptons can only couple with theHd, leaving us
no room for a misalignment between the charged leptons’
mass matrix and their Yukawa-coupling matrix unless there
are large mixings between μ, τ and the vectorlike leptons,
which will disturb the universality of the Zll vertices
severely. In this paper, we consider an RPV supersym-
metric model extended with one copy of the 5þ 5̄ vector-
like particles, and utilize it to explain all the flavor
anomalies described above within a unified framework.
A complete SUð5Þ GUT model is out of our scope and left
to future investigation.
The paper is organized as follows. In Sec. II we give a

brief introduction to our RPVextension of the MSSM with
5þ 5̄ vectorlike particles. In Sec. III we solve the b → s
anomalies utilizing the RPVoperators involving vectorlike
particles, and then we derive the LFV decay of the SM-like
Higgs boson from our model in Sec. IV. Finally, Sec. V
concludes the paper.

II. THE MODEL

In this paper, we consider the MSSM extended with
5þ 5̄ vectorlike particles, that is to say, only L, L̄,D, D̄ are
introduced beyond the MSSM, where L, L̄ denote the
leptonic SUð2ÞL doublets assigned with the hypercharge
− 1

2
and 1

2
, respectively and D, D̄ represent the SUð2ÞL

singlet down-type quarks assigned with the hypercharge 1
3

and − 1
3
, respectively. We use Li, Ei, Qi, Ui, Di, Hu, Hd to

denote the MSSM superfields, which are left-handed
leptons, right-handed charged leptons, left-handed quarks,
right-handed up-type quarks, right-handed down-type
quarks, and the two Higgs doublet respectively, with the
generation index i running from 1 to 3.
In the absence of the R-parity, gauge invariance in

principle allows for baryon-number and lepton-number
violating superpotential couplings. We assume that the
baryon-number conserves in our model and consider only
the lepton-number violating superpotential couplings
involving the vectorlike particles. The pure RPV MSSM-
terms are highly constrained by various experimental
bounds (See [45] for a review), therefore we ignore them.
The superpotential for the 5þ 5̄ extension part reads

W5þ5̄ ¼ mLL̄LþmDD̄D − yliLHdEi

− ydi QiHdDþWRPV
5þ5̄

; ð1Þ
with

WRPV
5þ5̄

¼ yQD
ij QiLjDþ yLikQiLDk þ yQD

i QiLD

þ yUD
ij UiEjD̄þ yLLEij LiLEj þ ϵLiL̄Li

þ ϵLHuLþ ϵL̄HdL̄; ð2Þ

where mL, mD are the vectorlike masses for the vectorlike
leptons and the down-type quarks. yli and ydi lead to the
mixings between the SM sectors and the vectorlike sectors.
yQD
ij , yLik, y

QD
i , yUD

ij are the corresponding coupling con-
stants for the trilinear R-parity violating terms. ϵL and ϵL̄
yield the mixing between vectorlike leptons and the
MSSM-Higgs sectors.
The corresponding supersymmetry breaking soft terms

are

Lsoft ⊃ −m2
~L
~L† ~L−m2

~̄L
~̄L
† ~̄L−m2

~D
~D† ~D−m2

~̄D
~̄D
† ~̄D

þ ½−Alyli ~LHd
~Ei − Adydi ~QHd

~D

þ AQDðyQD
ij

~Qi
~Lj

~DþyQD
i

~Qi
~L ~DÞ þ AUDyUD

ij
~Ui
~Ej

~̄D

þ ALLEyLLEij
~Li
~L ~EþBL̄LϵLi

~̄L ~Li þBLϵLHu
~L

þBL̄ϵL̄Hd
~̄Lþm2

dLH
†
d
~Lþm2

uLH
†
u
~̄LþH:c:� ð3Þ

For later convenience, we write down the MSSM super-
potential

WMSSM ¼ WRPC
MSSM

¼ μHuHd þ yuijQiHuUj − ydijQiHdDj

− ylijLiHdEj; ð4Þ

and the corresponding soft terms

Lsoft ⊃ −mQ2
ij

~Q†
i
~Qj −mU2

ij
~U†
i
~Uj −mD2

ij
~D†
i
~Dj −mL2

ij
~L†
i
~Lj

−mE2
ij

~E†
i
~Ej −m2

Hu
jHuj2 −m2

Hd
jHdj2

þ ðAu
ij
~QiHu

~Uj − Ad
ij
~QiHd

~Dj − Al
ij
~LiHd

~Ej

− BμH†
uHd þ H:c:Þ: ð5Þ

At the end of this section, we comment on the lepton-
number violating interactions due to RPV, which are tightly
constrained by the experimental bounds, e.g., the neutrino-
less double beta decay or the neutrino masses. The RPV
induced neutrinoless double beta decay usually requires
ν ~qqðQiLjDðkÞÞ and ue� ~q (Q1L1DðiÞ or U1E1D̄) vertices,
or large mixture between neutrinos and neutrilinos (For a
review, see [45]. For examples, see [75,76]). The neutrino
masses can be induced from the vacuum expectation value
of the sneutrinos at tree-level or might come from the
quark/squark loops induced by the QiLjDðkÞ vertices.
However, in the following text we will see that we only
need the U3E1;2D̄, L2LE3 and L3LE2 vertices. All the
other trilinear RPV coupling constants can always be set
small enough in order to avoid the unwanted vertices
mentioned before. We can also adjust the parameter in
order to forbid the mixture between MSSM (s)leptons and
the VL or Higgs sectors, thus vacuum expectation values of
the MSSM sneutrinos can be avoided.
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III. EXPLAINING THE b → s ANOMALIES

The effective Hamiltonian for b → s transitions can be
written as

Heff ⊃ −
4GFffiffiffi

2
p VtbV�

ts
e2

16π2
X
i

ðCiOi þ C0
iO

0
iÞ þ H:c:;

ð6Þ

where Vij denotes the CKM matrix elements and Cð0Þ
i are

the Wilson coefficients of the effective operators Oð0Þ
i .

According to the global fits [30], we consider new physics
effects in the following set of operators,

Oμ
9 ¼ ðs̄γμPLbÞðμ̄γμμÞ;

Oμ
10 ¼ ðs̄γμPLbÞðμ̄γμγ5μÞ; ð7Þ

which is one of the best fit scenarios with

−1.6ð−1.4Þ < ReCμ;NP
9 < ð−0.6Þ − 0.3;

−0.4ð−0.2Þ < ReCμ;NP
10 < ð0.5Þ0.8; ð8Þ

at (1σ) 2σ level. Besides, the rest of operators involving
muons, electrons and taus are perfectly compatible with the
SM expectations in the fitting.
In the R-parity conserving MSSM, the only way to

break the e − μ universality is through box diagrams
involving light smuons while selections are decoupled.
In such case, non-negligible contributions to Cμ

9 and Cμ
10

can only come from the boxes induced by the flavor
violation in the squark soft masses. In Ref. [23], rather
modest contributions to Cμ

9 and Cμ
10 of ≳0.5 is obtained

with an extremely light spectrum which is strongly
disfavored by the direct searches. Here we make a more
conservative estimation of the contributions according
to the bounds from LHC. Assuming maximal mixing of
the left-handed bottom and strange squarks, the wino
boxes contributions (dominate over those from bino and
mixed wino-bino boxes) read [23]

ðV�
tsVtbÞCbox

9 ≃ 1

s2W

5

192

m2
W

m2
~d

ðδLbsÞfbox9

�m2
~l

m2
~d

;
m2

~W

m2
~d

�
ð9Þ

with the loop function fbox9 given in Appendix A. For
m~l ¼ m ~W ¼ 130 GeV, m ~d ¼ 800 GeV and δLbs ¼ −0.4,
we obtain contributions Cbox

9 ¼−Cbox
10 ¼−0.2. Obviously,

these box contributions are insufficient to account for
the anomalies.
In the R-parity violating supersymmetry models, there

are extra tree-level sources of flavor violation from the
trilinear R-parity violating terms. Unfortunately, such
trilinear terms involving pure MSSM superfields can
never yield the effective operators O9;10 which only

involve the left-handed down-type quarks since the
charged-leptons always couple to the right-handed
down-type quarks in QiLjDk vertices. In our model
extended with one copy of the 5þ 5̄ vectorlike super-
fields, this problem can be solved with the trilinear
couplings UiEjD̄, i.e., left-handed down-type quarks in
the SM couple to charged leptons by their mixing with
the vectorlike quarks.
Integrating out the squarks, we obtain the following

effective Hamiltonian for b → sμμ transitions

Heff ⊃ −VDbV�
Ds

X3
k¼1

yUD�
k2 yUD

k2

m2
~uRk

ðs̄PRμÞðμ̄PLbÞ þ H:c:

¼ −VDbV�
Ds

X3
k¼1

yUD�
k2 yUD

k2

2m2
~uRk

ðs̄γμPLbÞðμ̄γμPRμÞ þ H:c:;

ð10Þ

where m ~uRk is the mass of the kth right-handed up-type
squark, VDb, VDs denote elements of the extended CKM
matrix in our model and the Fierz transformation is applied
in the second line. Notice that

VDs ≈ −
yd2v cos β

mD
;

VDb ≈ −
yd3v cos β

mD
; ð11Þ

where v ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
v2u þ v2d

q
¼ 174 GeV is the electroweak vac-

uum expectation value, while the tan β ¼ vu
vd

is the ratio

of the vacuum expectation values of the H0
u and H0

d.
Immediately, the Wilson coefficients in term of the
R-parity operators read

Cμ;VLRPV
9 ¼ Cμ;VLRPV

10

¼
ffiffiffi
2

p
π2VDbV�

Ds

GFVtbV�
tse2

X3
k¼1

yUD�
k2 yUD

k2

m ~u2Rk

: ð12Þ

The magnitude of Cμ;VLRPV
9 and Cμ;VLRPV

10 is related
with the mixing parameters VDb and VDs, which are
mainly constrained by the unitarity of the extended
CKM matrix, i.e.,

jVusj2 þ jVcsj2 þ jVtsj2 þ jVDsj2 ¼ 1;

jVubj2 þ jVcbj2 þ jVtbj2 þ jVDbj2 ¼ 1: ð13Þ

According to the data from the PDG [77],

jVusj2 þ jVcsj2 þ jVtsj2 ¼ 1.025� 0.032;

jVubj2 þ jVcbj2 þ jVtbj2 ¼ 1.042� 0.065: ð14Þ
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The data together with the error bar we adopt come from
the direct measurements of the meson behaviors without
any fittings using the 3 × 3 unitary properties. In the RPV
cases the trillinear vertices together with the sparticle
propagators might fake the W-boson induced effects and
then disturb the semileptonic decay of the mesons, thus the
values of the measured CKM matrix elements are deviated.
However, just like what has been mentioned in Sec. II,
all the unwanted terms (mainly QLiD-like terms) can be
turned down in order to avoid these problems. Therefore,
in this paper, we ignore these effects. Note the error bar
in the second line of (14) is mainly controlled by the
uncertainty in jVtbj. Hence, we obtain upper bounds on
the mixing parameters, jVDsj≲ 0.084 and jVDbj≲ 0.15.
Assuming m ~u;~c ≫ m~t and plugging in GF¼1.1663787×
10−5GeV−2, αeðmbÞ ¼ 1=133, jVtsj ¼ 0.0404 and jVtbj ¼
1.021, the contributions (12) become

Cμ;VLRPV
9 ¼ Cμ;VLRPV

10 ¼ jyUD
32 j2VDbV�

Ds

m~t2R

ð18 TeVÞ2: ð15Þ

Here we give a benchmark point that solves the anomalies.
Takem~t¼900GeV, yUD

32 ¼0.4, VDb¼0.1 and VDs¼−0.05,
then Cμ;VLRPV

9 ¼ Cμ;VLRPV
10 ¼ −0.3. Note that in this case,

given the condition jyd2;3j < 1 that the perturbative theory is
available, from (11) we can see that the mass term mD is
constrained as

jmDj≲ jyd2;3jv cos β
jVDsj

: ð16Þ

Assuming tan β ¼ 2 results in jmDj≲ 800 GeV, which is
compatible with the experimental data (See [77–79]).
Combining these with the MSSM box contributions

Cbox
9 ¼ −Cbox

10 ∼ 0.2, we finally get the total contribu-
tions of new physics CNP

9 ¼ −0.5 and CNP
10 ¼ −0.1,

which is compatible with the global fitting results (8)
at 2σ level.
The Bs meson mixing and the rare muonic decays of

the neutral B mesons provide important constraints on
NP scenarios, and the effective Hamiltonian (6) for the
b → s transitions is relevant for these processes. As for
the Bs meson mixing, since there is no tree-level
contribution in our model, and we expect the one-loop
box diagrams to be highly suppressed by the heavy
squark mass (∼800 GeV) and the small mixings
between the VL quarks D, D̄ and the SM ones, so
we neglect this constraint and only consider the latter
one. The amplitude for the Bs → μþμ− decay is domi-
nated by the axial vector operator Oμ

10 while the vector
contribution from Oμ

9 vanishes, and thus the branch ratio
in our model can be well approximated by

BðBs → μþμ−Þ ¼
����
Cμ;SM
10 þ Cμ;NP

10

Cμ;SM
10

����
2

BðBs → μþμ−ÞSM

ð17Þ

with the SM prediction BðBs→μþμ−ÞSM¼ð3.65�
0.23Þ×10−9 [80]. Recently this rare decay has been
observed from the combined analysis of CMS and
LHCb data [81] with a branch ratio of BðBs → μþμ−Þ ¼
ð2.8þ0.7

−0.6Þ × 10−9, which translates into [37] −0.25 <
Cμ;NP
10 =Cμ;SM

10 < 0.03 (at the 1σ level). For the benchmark
point given above, we have Cμ;NP

10 =Cμ;SM
10 ¼ 0.025 and

hence compatible with experimental measurement at
1σ level.

IV. EXPLAINING THE HIGGS DECAY h → μτ

The effective operators describing the h → μτ decays
are given by

L ⊃ −yμτμ̄LτRh − yτμτ̄LμRhþ H:c:; ð18Þ

yielding the branching ratio

Bðh → μτÞ≃ mh

8πΓSM
ðjyμτj2 þ jyτμj2Þ ð19Þ

where ΓSM ≃ 4.1 MeV is the decay width for a 125 GeV
Higgs in the SM [82]. Correspondingly, the expected
values of the effective couplings to explain the experimen-
tal results are

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jyμτj2 þ jyτμj2

q
≃ 0.0026� 0.0006: ð20Þ

In the MSSM, the Yukawa coupling matrix of the
charged lepton to the SM-like Higgs is always propor-
tional to their mass matrix and thus there is no hμτ
vertices after rotating the charged lepton sectors into
their mass eigenstates. It is interesting that sneutrinos
share the same quantum numbers with the neutral Higgs
fields, so they can mix with the Higgs boson and then
produce lepton flavor violating Higgs couplings in the
RPV supersymmetric models. As mentioned above, the
mixings between the MSSM sneutrinos and the Higgs
boson usually result in too heavy SM-like neutrinos
(See [45,83] for discussions), we have ignored the
relevant R-parity violating terms at the begin of our
model building. Then the “Higgs” superpotential rel-
evant to the electroweak symmetry breaking in our
model is

WHiggs ¼ μHuHd þmLL̄Lþ ϵLHuLþ ϵL̄HdL̄; ð21Þ

which yields the following Higgs potential for the

neutral scalar fields H0
u; H0

d; ~L
0 and ~̄L

0
:
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VeffðH0
u;H0

d; ~L
0; ~̄L

0Þ

¼ g21þ g22
8

ðjH0
uj2− jH0

dj2− j ~L0j2þj ~̄L0j2Þ2

þjϵL̄H0
d−mL

~L0j2þjϵLH0
uþmL

~̄L
0j2þjμH0

dþ ϵL ~L
0j2

þjμH0
u− ϵL̄

~̄L
0j2þm2

Hu
jH0

uj2þm2
Hd
jH0

dj2þm2
~L
j ~L0j2

þm2
~̄L
j ~̄L0j2þðBμH0

uH0
dþBLϵLH0

u
~L0þm2

dLH
0�
d
~L0

þm2
uLH

0�
u
~̄L
0þH:c:Þ: ð22Þ

After the electroweak spontaneously symmetry breaking,
all these scalar fields might acquire vevs. Note that the

mixing between the H0
u and ~̄L

0
might bother the

properties of the SM-like Higgs boson severely, we

decouple ~̄L
0
by assuming the soft mass m2

~̄L
≫ m2

Hu
, for

simplicity. In addition, we could always redefine the Hd

and ~L field by a rotation so that vL ≡ h ~Li ¼ 0. Taking

account of these, the minimization conditions are
given by

M2
Hd

¼ 2λeffvdðv2u − v2dÞ − Bμvu
vd

;

M2
Hu

¼ −2λeffvuðv2u − v2dÞ − Bμvd
vu

;

M2
dL ¼ −BLϵL

vu
vd

; ð23Þ

where vu ¼ hH0
ui, vd ¼ hH0

di and we have used a set of
shorthand notations for convenience: M2

Hu
¼ jμj2 þ

m2
Hu

þ ϵ2L, M2
Hd

¼ jμj2 þm2
Hd

þ ϵ2L̄, M2
~L
¼m2

Lþm2
~L
þϵ2L,

M2
dL ¼ m2

dL − ϵL̄mL þ μϵL and λeff ¼ g2
1
þg2

2

8
.

The tree-level Higgs mass-squared matrix can be calcu-
lated from the potential (22) and read in the basis
1ffiffi
2

p ReðH0
u; H0

d; ~L
0Þ after substituting conditions (23)

M2
Higgsþ ~L

¼

2
64

4sin2βv2λeff − Bμ cot β −4 sin β cos βv2λeff þ Bμ BLϵL

−4 sin β cos βv2λeff þ Bμ 4cos2βv2λeff − Bμ tan β −BLϵL tan β

BLϵL −BLϵL tan β M2
~L
þ 2v2ðcos2β − sin2βÞλeff

3
75; ð24Þ

with v2 ¼ v2u þ v2d ≃ ð174 GeVÞ2 and tan β ¼ vu
vd
. The

SM-like Higgs is one of the mass eigenstates diagonalizing
the above matrix and can be parametrized as

h ¼ Vuh0u þ Vdh0d þ Vl
~l0; ð25Þ

where ðh0u;h0d;~l0Þ¼ 1ffiffi
2

p ReðH0
u;H0

d; ~L
0Þ and jVuj2 þ jVdj2þ

jVlj2 ¼ 1. The effective couplings yμτ and yτμ are thereby

yμτ ¼ VlyLLE23 ; yτμ ¼ VlyLLE32 : ð26Þ

In order to get the mixing coefficient Vl, we need to
diagonalize the squared mass matrix (24). Note that
the mixings between the Higgs and sneutrino are controlled
by BLϵL, we can make a perturbative diagonalizing
with respect to ðBLϵL sec βÞ=M2

~L
≪ 1 (see detail in

Appendix B). At the lowest order, we obtain

V lowest
l ¼ 2BLϵLλeffv2 sin β sin 4β

M2
~L
ðBμþ ðsin 6β − sin 2βÞλeffv2Þ

: ð27Þ

For a moderate ðBLϵL sec βÞ=M2
~L
, we must include higher

order contributions or diagonalize (24) numerically.
Here a sample point is given to explain the decay
h → μτ: tanβ¼2, M ~L¼400GeV, Bμ¼−ð3×102GeVÞ2

and BL ¼ ϵL ¼ 170 GeV yield V lowest
l ¼ 0.0049 while

Vl ¼ 0.0057 in numerical calculations. Correspondingly,
Eq. (20) holds if only

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðyLLE23 Þ2 þ ðyLLE32 Þ2

p ≃ 0.46.
According to the work of Ref. [84], the effective

couplings (20) for a very SM-like Higgs are compatible
with other relevant favor constraints, e.g., from τ → μγ or
ðg − 2Þμ. Among these constraints, the most stringent
bound arises from τ → μγ and translates intoffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jyμτj2 þ jyτμj2

q
< 0.016 at 90% C.L. for a sufficient

SM-like Higgs. Other contributions from the other
scalar particles should also be calculated. Assuming
yLLE22 ¼ yLLE33 ¼ 0, then the only alternative way for ~l0 to
close the τμ transition moment loop is through the mass
vertex with h0d. The formula for these contributions to
the Wilson-coefficients CL;R are similar to those in
Ref. [84,85]. Although the coupling constants are of the
order yLLE23;32, y

l
33, which is much larger than the yμτ, yτμ, yττ,

the masses of the scalars m2
h0d;

~L0 are usually larger than the

SM-like Higgs mass. The contributions are further sup-
pressed by the cross mass term between ~l0 and h0d. As a
result, they are usually of a similar order of magnitude as
those contributed from the SM-like Higgs particle loops. In
addition, the loops involving the CP-odd Higgs particles
can be neglected in the decoupling limit. Since the
condition (20) is an order of magnitude smaller than the

FLAVOR ANOMALIES AT THE LHC AND THE R- … PHYSICAL REVIEW D 92, 094015 (2015)

094015-5



bound from τ → μγ, our model can easily escape from this
constraint. We can also adjust the signs and values of yLLE22

or yLLE33 in order to cancel out the remaining CL;R if one is
still worried about the possible too large τ → μγ branch-
ing ratio.

V. SUMMARY AND CONCLUSIONS

In this paper, we have presented an R-parity violating
supersymmetric model extended with 5þ 5̄ vectorlike
particles that successfully addresses the flavor anomalies
recently observed at the LHC within a unified framework.
On the one hand, the combination of UiEjD̄-type and
QiHdD-type RPV operators yields a NP contribution
Cμ;VLRPV
9 ¼ Cμ;VLRPV

10 , which is able to explain the anoma-
lies in the b → s transition together with the MSSM box
contributions. On the other hand, the SM-like Higgs
obtains the LFV decay h → μτ via the mixing with the
sneutrino ~l0. Both this mixing and the ~l0μτ vertices (given
by the LiLEj operators) arise naturally due to the RPV
in our model. All these explanations are compatible with
various experimental measurements, especially the recent
results of the Bs → μþμ− decay. In our scenario, the mass
of the VL down-type quark is of order TeV scale
(mD ≲ 800 GeV in our benchmark point), which can be
discovered or excluded by the future run of the LHC.
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APPENDIX A: BOX CONTRIBUTION

Here we copy the loop function fbox9 entering the wino
boxes contributions from the Appendix of Ref. [23] and
correct a typo in it

fbox9 ðx; yÞ ¼ 12ðx − 2yþ xyÞ
ð1 − xÞðy − xÞð1 − yÞ2 −

12x2 log x
ð1 − xÞ2ðx − yÞ2

þ 12yð2x − y − y2Þ log y
ðx − yÞ2ð1 − yÞ3 ⟶

x;y→1
1. ðA1Þ

APPENDIX B: THE PERTURBATIVE
DIAGONALIZING OF THE SQUARED

MASS MATRIX (24)

In order to treat perturbatively with as fewer and smaller
nondiagonal elements as possible, we first rotate the mass
matrix (24) into the Goldstone basis by

V ¼

2
64
sin β − cos β 0

cos β sin β 0

0 0 1

3
75; ðB1Þ

then M2
S ¼ V†M2

Higgsþ ~L
V reads

M2
S ¼

2
64
4v2λeffcos22β 2v2λeff sin 4β 0

2v2λeff sin 4β − csc β sec βðBμ − 1.5v2λeff sin 2β þ 0.5v2λeff sin 6βÞ −BLϵL sec β

0 −BLϵL sec β ðM2
~L
þ v2λeff cos 2βÞ

3
75: ðB2Þ

Note that the elementM2
S;11 gives the same upper bound on the tree-level mass of the SM-like Higgs boson as in MSSM, so

large loop contributions from the top squark or even an extension with one singlet field [86,87] is required to yield a
125 GeV Higgs mass. These contributions mainly modify theM2

S;11 and thus have negligible effects on Vl, which is mostly
determined by the lower right submatrix of (B2). Here we focus on favor anomalies, we leave this Higgs mass issue aside.
In the case of ðBLϵL sec βÞ=M2

~L
≪ 1, we can diagonalize the above matrix in terms of the perturbative method and obtain

at the lowest order

V lowest
u ¼ 1 − 2

�
λeffv2sin22β cos 2β

Bμþ ðsin 6β − sin 2βÞλeffv2
�

2

V lowest
d ¼ λeffv2 sin 2β sin 4β

Bμþ ðsin 6β − sin 2βÞλeffv2

V lowest
l ¼ 2BLϵLλeffv2 sin β sin 4β

M2
~L
ðBμþ ðsin 6β − sin 2βÞλeffv2Þ

: ðB3Þ
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