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Inspired by the recent experimental results which show deviations from the standard model predictions
of b → slþl− transitions, we study the R-parity violating minimal supersymmetric standard model
extended by the inverse seesaw mechanism. The trilinear R-parity violating terms, together with the chiral
mixing of sneutrinos, induce the loop contributions to the b → slþl− anomaly. We study the parameter
space of the single-parameter scenario CNP

9;μ ¼ −CNP
10;μ ¼ CV and the double-parameter scenario ðCV; CUÞ,

respectively, constrained by other experimental data such as Bs − B̄s mixing, B → Xsγ decay, the lepton
flavor violating decays, etc. Both the single-parameter and the double-parameter scenario can resolve the
long existing muon anomalous magnetic moment problem, as well, and allow the anomalous t → cg
process to reach the sensitivity at the Future Circular hadron-hadron Collider.

DOI: 10.1103/PhysRevD.104.115023

I. INTRODUCTION

In recent years, several hints of new physics (NP) beyond
the standard model (SM) have shown up, such as RKð�Þ ¼
BðB → Kð�Þμþμ−Þ=BðB → Kð�Þeþe−Þ on the transitions of
b → slþl− (l ¼ e, μ), which exhibits very attractive
anomalies. In particular, the measurement of RK by the
LHCb Collaboration has just been updated with the full
run II data, as RK ¼ 0.846þ0.042þ0.013

−0.039−0.012 in the q2 bin
½1.1; 6� GeV2 [1], which is much more precise than the
previous data RK ¼ 0.846þ0.060þ0.016

−0.054−0.014 [2], giving rise to
discrepancy with the SM value changing from the preced-
ing 2.5σ to 3.1σ. The recent measurements of RK� by LHCb
give RK� ¼ 0.66þ0.11

−0.07 � 0.03 at the ½0.045; 1.1� GeV2 bin
and RK� ¼ 0.69þ0.11

−0.07 � 0.05 at the ½1.1; 6� GeV2 bin, show-
ing a 2.1σ deviation at the low q2 region and a 2.5σ
deviation at the high region, respectively [3]. The RKð�Þ

results by the Belle Collaboration [4,5] show consistency
with the SM predictions, although the results have sizeable
experimental error bars. Besides, there are also other
anomalies in the b → slþl− transition, for instance, the
angular observable P0

5 anomaly of the B → K�μþμ− decay
persists with the new data [6] when compared with the run I

results [7–12]. All of these anomalies may indicate the NP
that breaks lepton flavor universality (LFU).
We know that each single anomaly above cannot be

regarded as the conclusive evidence of NP. However, it is
interesting that nearly all of these anomalies can be
explained simultaneously with the four-Fermi operators
in the model-independent global fit [13–36]. In light of the
new measurement of RK [1], there are already some new fit
results updated [14,23–36]. For the discussion of the global
fit, the related Lagrangian of the low energy effective field
theory is given by

Leff ¼
4GFffiffiffi

2
p ηt

X
i

CiOi þ H:c:; ð1:1Þ

where the Cabibbo–Kobayashi–Maskawa (CKM) factor
ηt ≡ KtbK�

ts. The main operators for the anomaly explan-
ations are

O9 ¼
e2

16π2
ðs̄γμPLbÞðl̄γμlÞ;

O10 ¼
e2

16π2
ðs̄γμPLbÞðl̄γμγ5lÞ; ð1:2Þ

where PL ¼ ð1 − γ5Þ=2 is the left-handed (LH) chirality
projector and the Wilson coefficients are
C9ð10Þ ¼ CSM

9ð10Þ þ CNP
9ð10Þ. In this work, we adopt the follow-

ing unified form of fit scenarios:

CNP
9;μ ¼ CV þ CU; CNP

10;μ ¼ −CV;

CNP
9;e ¼ CU; CNP

10;e ¼ 0; ð1:3Þ
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where V denotes the contributions only of the μþμ−
channel and U denotes LFU contributions. The first
scenario, called scenario A here, requires CU ¼ 0 to realize
the single-parameter scenario CNP

9;μ ¼ −CNP
10;μ, in fact. We

adopt the fit result −0.46 < CV < −0.32, which conforms
to the rare B-meson decays at the 1σ level in Ref. [28].
Except for the new RK measurement [1], authors in
Ref. [28] have also considered other series of new exper-
imental results, such as the new angular analyses of B0 →
K�0μþμ− [6] and B� → K��μþμ− [37], the updated
branching ratio measurement of Bs → ϕμþμ− [38] that
confirms the previous tension [39] with the SM prediction,
as well as the recent results of Bs → μþμ− from CMS [40]
and LHCb [41,42]. For the case of CU ≠ 0, named as
scenario B, we also utilize the fit regions in Ref. [28] with
the best fit point, ðCV; CUÞ ≈ ð−0.34;−0.32Þ.
After these results of the model-independent analyses are

obtained, the imperative work is to find the concrete NP
models which can conform to them. Both scenarios A and
B have been implemented in the R-parity violating minimal
supersymmetric standard model (MSSM) [43–48]. When
masses of sneutrinos/sd-quarks are sufficiently heavy or
there is a cancellation in the penguin contribution [46],
scenario B turns into scenario A.
More than the R-parity violating MSSM, the seesaw

mechanism [49–55] is also researched for the explanation
of b → slþl− disparities in the supersymmetric (SUSY)
models [56], the two-Higgs doublet [57,58], and other
frameworks (see, e.g., Refs. [59–73]). The seesaw mecha-
nism is one of the most attractive methods to generate the
neutrino masses in accord with the conclusive evidence of
neutrino oscillations [74], as one type of seesaw mecha-
nism, the inverse seesaw [75,76], can give a Oð1Þ neutrino
Yukawa coupling Yν. The relative large Yν implicates that
the admixture between LH neutrino superfields and right-
handed (RH) or extra singlet superfields is not negligible.
Therefore, it is meaningful to study the chiral mixings of (s)
neutrinos in the MSSM framework extended by both
inverse seesaw mechanisms and the tree-level trilinear
R-parity violating (RPV) terms, and then all chiral parts
of (s)neutrinos more than LH ones can interact with
(s)quarks. This new combination is naturally reason-
able [77–79] and has never been studied in the
b → slþl− anomalies to our knowledge.
The recent experimental results of RðDð�ÞÞ ¼ BðB →

Dð�ÞτνÞ=BðB → Dð�ÞlνÞ in the charged current b → cτν
from BABAR [80,81], Belle [82–85], and LHCb [86–88]
have been averaged by the Heavy Flavor Averaging Group
[89], and also show the tension with the average of SM
predictions [90–93] and the recent new SM results [94–99].
While the new measurements of RðDð�ÞÞ from Belle using
the semileptonic tagging method, such as the latest results
with the data sample of 772 × 106 BB̄ pairs, are already
in good agreement with SM predictions, Belle combined
results are consistent with SM predictions within

1.6σ [100]. Given this, in this work we do not investigate
RðDð�ÞÞ for the moment.
The clues of LFU violation exist not only in B-meson

decays but also in other processes, such as the muon
anomalous magnetic moment problem, which has existed
for several decades. The measurement of aμ ¼ ðg − 2Þμ by
Fermilab [101–103] presents the 3.3σ deviation as greater
than the SM prediction [104],1 and agrees with the previous
Brookhaven E821 experiment [114]. The combined
deviation average of the two experiments, Δaμ ¼
aexpμ − aSMμ ¼ ð2.51� 0.59Þ × 10−9, shows the increased
tension at the significant 4.2σ level, and this is a growing
motivation of NP. For the electron anomalous magnetic
moment, there is a negative 2.4σ discrepancy between the
measurement [115] and the SM prediction [116],
Δae ¼ aexpe − aSMe ¼ ð−8.7� 3.6Þ × 10−13, due to the new
measurement of the fine structure constant in Ref. [117].2

There are plenty of articles discussing the ðg − 2Þμ problem
in the SUSY framework (e.g., see Refs. [48,120–169]). In
this work, we will investigate whether the parameter space
for the explanation of b → slþl− anomalies can be in
accordance with the deviation Δaμ, and then we will
discuss the NP effects on ae.
Our paper is organized as follows. At first, the new

model in this work is introduced in Sec. II. Then, in Sec. III,
the one-loop contributions to the b → slþl− transition in
this model are scrutinized and we emphasize the main
contributions to explain the b → slþl− anomaly in our
parameter scheme. We discuss NP contributions to ðg − 2Þl
and other related constraints in Sec. IV, followed by the
numerical results and discussions in Sec. V. Our conclu-
sions are presented in Sec. VI.

II. THE MODEL

The model considered in this work is R-parity violating
MSSM with the inverse seesaw mechanism, called RPV-
MSSMIS here, and the superpotential is expressed by

W ¼ WMSSM þ Yij
ν R̂iL̂jĤu þMij

RR̂iŜj þ
1

2
μijS ŜiŜj

þ λ0ijkL̂iQ̂jD̂k; ð2:1Þ

1A recent calculation of the hadronic vacuum polarization
(HVP) [105] weakens the discrepancy between the experiment
and SM prediction of aμ, while it shows the tension with the
R-ratio determinations [106–109]. Even the large HVP contri-
bution can account for the measurement of aμ, as there exists the
tension within the electroweak (EW) fit [110–113]. We do not
consider this HVP result here but consider the preceding review
of various SM results [104].

2Another new measurement of the fine structure constant [118]
differs by more than 5σ to the previous one [117] and affects the
deviationΔae to a positive 1.6σ level [119]. The NP hint search in
ae still expects more experimental researches and we focus on aμ
anomaly explanations in this work.
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where the generation indices are i, j, k ¼ 1, 2, 3, while the
color ones are omitted. All the repeated indices are
defaulted to be summed over unless otherwise stated.
Here the superpotential of the MSSM [170,171] is
expressed as

WMSSM¼μĤuĤdþYij
u ÛiQ̂jĤu−Yij

d D̂iQ̂jĤd−Yij
e ÊiL̂jĤd:

ð2:2Þ

In the RPV-MSSMIS, MSSM superfields are extended by
three generations of pairs of SM singlet superfields, R̂i and
Ŝi. The neutral parts of two Higgs doublet superfields,
Ĥu ¼ ðĤþ

u ; Ĥ
0
uÞT and Ĥd ¼ ðĤ0

d; Ĥ
−
d ÞT , acquire the non-

zero vacuum expectation values, hĤ0
ui ¼ vu and

hĤ0
di ¼ vd, respectively, leading to the mixing angle

β ¼ tan−1ðvu=vdÞ. The tree-level trilinear RPV coupling
λ0ijkL̂iQ̂jD̂k can be added for L̂i sharing the same SM

quantum number with Ĥd. It is necessary to point out that
the RPV superpotential terms like λ0ijkL̂iQ̂jD̂k, λijkL̂iL̂jÊk,

λ00ijkÛiD̂jD̂k, and μiL̂iĤu are all, in principle, allowed for
the SM gauge invariance if there are no extra symmetries.
Here we only consider the term λ0ijkL̂iQ̂jD̂k, connecting the
quark sector with the lepton sector, without the pure-quark
term λ00ijkÛiD̂jD̂k or the purely lepton interaction

λijkL̂iL̂jÊk. This is an attempt to avoid the probable
disastrously rapid proton decay [172,173] that occurs when
there are nonzero parameters λ0 and λ00 simultaneously and
the strong collider constraints on the lightest sneutrino mass
when λ0 and λ both exist [174–184]. The bilinear term
μiL̂iĤu is also allowed, but we exclude it in order to avoid
the extra contributions to neutrino masses [185]. With the
scalar components of Higgs doublet superfields denoted by
Hu and Hd, and squarks and sleptons denoted by “ ∼”, the
soft supersymmetry breaking Lagrangian is given by

−Lsoft¼−Lsoft
MSSMþðm2

R̃
ÞijR̃�

i R̃jþðm2
S̃
ÞijS̃�i S̃j

þðAνYνÞijR̃�
i L̃jHuþBij

MR
R̃�
i S̃jþ

1

2
Bij
μS S̃iS̃j; ð2:3Þ

where Lsoft
MSSM corresponds to the MSSM part [170,171]. It

should be mentioned that MSSM and singlet neutrino
sectors are all at low scale (around 1 TeV) in this work,
so some terms in the most general superpotential and soft
breaking Lagrangian are already or will be eliminated
ad hoc for the phenomenological consideration.
As to the three terms following WMSSM in Eq. (2.1),

which give the neutrino mass spectrum at tree level, the
9 × 9 mass matrix of the neutrino in the ðν; R; SÞ basis is
given by

Mν ¼

0
BB@

0 mT
D 0

mD 0 MR

0 MT
R μS

1
CCA; ð2:4Þ

in which mD ¼ 1ffiffi
2

p vuYT
ν . The μS parameter can be

obtained by

μS ¼ ðmT
DÞ−1MRUPMNSm

diag
ν UT

PMNSM
T
Rm

−1
D ; ð2:5Þ

where μS ≪ mD < MR. The diagonalized neutrino mass
Mdiag

ν in a physics basis, containing the three-light-
generation part mdiag

ν in Eq. (2.5), is given by
Mdiag

ν ¼ VMνVT . Here, embedded in the whole 9 × 9

mixing matrix VT , the 3 × 3 light-generation sector VT
3×3

should approximate the PMNS matrix UPMNS [74,186].
We then turn to the sneutrino mass square matrix in the

ðν̃IðRÞL ; R̃IðRÞ; S̃IðRÞÞ basis, which is expressed as

M2
ν̃IðRÞ ¼

0
BBB@

m2
L̃0 ðAν − μ cot βÞmT

D mT
DMR

ðAν − μ cot βÞmD m2
R̃
þMRMT

R þmDmT
D �MRμS þ BMR

MT
RmD �μSMT

R þ BT
MR

m2
S̃
þ μ2S þMT

RMR � BμS

1
CCCA; ð2:6Þ

where the “�” above expresses the CP-even andCP-odd masses, whereCP odd is denoted by I andCP even is denoted by
R. The soft mass m2

L̃0 ¼ m2
L̃
þ 1

2
m2

Z cos 2β þmDmT
D can be regarded as one whole input, where m2

L̃
is the soft mass square

of L̃ in Lsoft
MSSM. The CP-even and CP-odd masses can be nearly the same for tiny μS and relatively small BμS [187]. Besides,

the value of m2
S̃
is set to be zero here. Thus, the approximate form is provided as [188]

M2
ν̃IðRÞ ≈

0
BBB@

m2
L̃0 ðAν − μ cot βÞmT

D mT
DMR

ðAν − μ cot βÞmD m2
R̃
þMRMT

R þmDmT
D BMR

MT
RmD BT

MR
MT

RMR

1
CCCA: ð2:7Þ
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In the following, we adopt this particular structure and then
the mixing matrices ṼIðRÞ, which diagonalize sneutrino
mass square matrices by ṼIðRÞM2

ν̃IðRÞ Ṽ
IðRÞ† ¼ ðM2

ν̃IðRÞ Þdiag,
are also the same whether CP even or odd. All the ṼR and
the physical mass mν̃R can be expressed as ṼI and mν̃I ,
respectively, in the rest of the paper. With respect to
charged sleptons, the LH sector element is given by
m2

L̃0 þm2
l −mDmT

D −m2
W cos 2β.

Afterwards, we discuss the last term of the superpoten-
tial. For the superpotential term λ0ijkL̂iQ̂jD̂k, the corre-
sponding Lagrangian in the flavor basis is obtained as

LLQD¼ λ0ijkðν̃Lid̄RkdLjþ d̃Ljd̄RkνLiþ d̃�Rkν̄cLidLj

− l̃Lid̄RkuLj− ũLjd̄RklLi− d̃�Rkl̄cLiuLjÞþH:c:; ð2:8Þ
where “c” indicates the charge conjugated fermions. Then
in the context of mass eigenstates for the down quarks and
charged leptons, the Lagrangian above with other fields ν̃L,
νL, and uL (aligned with ũL), rotated to mass eigenstates by
mixing matrices ṼIðRÞ, V, and K, respectively, is given by

L0
LQD ¼ λ0IðRÞvjk ν̃vd̄RkdLjþ λ0Nvjkðd̃Ljd̄Rkνvþ d̃�Rkν̄cvdLjÞ

− λ̃0ilkðl̃Lid̄RkuLlþ ũLld̄RklLiþ d̃�Rkl̄cLiuLlÞþH:c:;

ð2:9Þ

where all the fields are represented by the mass eigenstates.
Concretely, νv and ν̃v are in the mass eigenstate with the
index v ¼ 1; 2;…9 and the three neo-λ0 terms are deduced

as λ0IðRÞvjk ¼ λ0ijkṼ
IðRÞ�
vi , λ0Nvjk ¼ λ0ijkV

�
vi, and λ̃0ilk ¼ λ0ijkK

�
lj. In

the following, we call the diagrams including these λ0
couplings “λ0 diagrams,” otherwise we call them “non-λ0
diagrams.”
By the end of this section, we should mention the

chargino and neutralino mass matrices in the MSSM sector
of this model. The chargino mass matrix is [171]

Mχ� ¼
�

M2

ffiffiffi
2

p
mw sin βffiffiffi

2
p

mw cos β μ

�
; ð2:10Þ

where the parameterM2 is the wino mass and μ is related to
the Higgsino mass. The mixing matrices V and U diag-
onalizeMχ� by U�Mχ�V

† ¼ Mdiag
χ� . As for the neutralino

mass matrix Mχ0 in the basis ðB̃; W̃3; H̃0
d; H̃

0
uÞT [171],

Mχ0 ¼

0
BBB@

M1 0 − evd
2cosθW

evu
2cosθW

0 M2
evd

2 sinθW
− evu

2sinθW

− evd
2cosθW

evd
2 sinθW

0 −μ
evu

2cosθW
− evu

2 sinθW
−μ 0

1
CCCA; ð2:11Þ

withM1 being the bino mass and θW being the weak mixing
angle, and it is diagonalized by NMχ0N

T ¼ Mdiag
χ0

.

III. b → sl+l− PROCESS IN THE
RPV-MSSMIS

In the RPV-MSSMIS, the tree-level diagram of the b →
slþl− process which exchanges ũL makes the RH-quark-
vector-current contribution

C0
9;μ ¼ −C0

10;μ ¼ −
ffiffiffi
2

p
π2

GFηte2
λ̃02i2λ̃

0�
2i3

m2
ũLi

; ð3:1Þ

where the related operatorO0
9ð10Þ is given byPL changed into

PR in O9ð10Þ. This contribution is unwanted to explain b →
slþl− anomalies. Besides, the box diagrams of the b →
slþl− process also give such RH-quark-vector-
current contributions which engage the sneutrino ν̃vð0Þ and
LH slepton l̃Ll with the coupling factors λ0Ivi2λ

0I�
v0i3 and

λ̃0li2λ̃
0�
li3, respectively [see Eqs. (A2) and (A7)]. We concen-

trate on the loop effects of sneutrinos which are not expected
to be heavily decoupled, and furthermore, the NP particles
engaged in b → slþl− and other related processes, such as
B → Xsγ,Bs − B̄s mixing, etc., are expected to have masses
at the sub-TeVor TeV scale, except for the heavy decoupled
particles. Thus, we set the λ0 couplings taken at the 0.5 TeV
scale, called the μNP scale, and assume λ0ijk non-negligible
with the single-value k at this scale. It is called the single-
value k assumption in this work, and the index k is not to be
summed over in equations from here on. This kind of
assumption is also taken in recent works for the similar
phenomenological consideration, such as in Refs. [43–47].
Authors of Ref. [45] further assume that λ0ij1 ¼ λ0ij2 ¼ 0,
which are adopted in Refs. [46,47], considering the bounds
of τ → μρ0 and τ → μϕ decays, while these constraints can
also be negligible by setting sufficiently heavy mũLj.
We scrutinize all the one-loop Feynman diagrams of the

b → slþl− process in the RPV-MSSMIS under the single-
value k assumption. For the box diagrams, there are eleven
chargino box diagrams including nine λ0 diagrams
[Fig. 1(a)] and two non-λ0 diagrams [Fig. 1(b)], fourteen
W withW Goldstones or charged Higgs box (calledW=H�
box here) diagrams including ten λ0 ones [Fig. 1(c)] and
four non-λ0 ones [Fig. 1(d)], and three 4λ0 box diagrams
[Figs. 1(e) and 1(f)]. The entire contributions of the box
diagrams are listed in the Appendix (see formulas of the
Passarino–Veltman functionsD2 andD0 in Ref. [47], where
D2ð0Þ½m2

1; m
2
2; m

2
3; m

2
4� is denoted asD2ð0Þ½m1; m2; m3; m4�

in this paper, respectively). The Wilson coefficients in the
Appendix are given at μNP, and if we consider the single-
value k assumption, only the LH-quark-vector-current con-
tributions, CNP

9ð10ÞðμNPÞ, are existent and all the RH-quark-

vector-current ones, C0NP
9ð10ÞðμNPÞ, vanish. Then the Wilson

coefficients run down to the scale of μb ¼ mb under QCD
renormalization. One can find that CNP

9ð10ÞðμbÞ ≈ CNP
9ð10ÞðμNPÞ

[189] and C0NP
9ð10ÞðμbÞ vanishes due to the approximate

conservation of (axial-)vector currents. Thus we can
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constrain the model parameters related to C9ð10ÞðμbÞ using
the global fit results introduced in Sec. I.
From the Appendix, one can see that l̃i and d̃Lj in the box

diagrams can be forbidden under the assumption of a
single-value k. In the following we further assume thatmd̃Rk
is sufficiently heavy to focus on the contributions of
sneutrinos as the bridge between the trilinear RPV term
and the inverse seesaw mechanism. Therefore, contribu-
tions including d̃Rk are negligible and can be removed.
Besides, we also set mũLj adequately heavy.3 Because the
LFU violating contributions, mainly from the μþμ− chan-
nel, are expected to explain b → slþl− anomalies in both
scenarios A and B, we will set that M2

ν̃IðRÞ has no flavor
mixing and the electron-flavor elements with both LH and
RH chirality are sufficiently heavy. Then nearly all box
contributions to the b → seþe− transition, and some box
contributions to the b → sμþμ− transition, can be elimi-
nated, and afterwards we show which contributions remain.
First among these non-negligible chargino box diagrams,

the non-λ0 diagram with RH sneutrinos previously
discussed in Ref. [56] is recalculated by us. We find
that the Wilson coefficient CNP

9 from this diagram equals
to −CNP

10 , which is different from the condition that

CNP
9 ¼ CNP

10 in Ref. [56]. The related CNP
9 , namely Cχ�ð1Þ

V
in this paper, is given by

Cχ�ð1Þ
V ¼−

ffiffiffi
2

p
π2i

2GFηte2
y2uiKi3K�

i2V
�
m2Vn2ðg2Vm1Ṽ

I
v2−Vm2YI

2vÞ

ðg2V�
n1Ṽ

I
v2−V�

n2Y
I
2vÞD2½mν̃Iv

;mχ�m;mχ�n ;mũRi �; ð3:2Þ

where the Yukawa couplings yui ¼
ffiffiffi
2

p
mui=vu and

YI
lv ¼ ðYνÞjlṼI�

vðjþ3Þ. This formula can be seen in the
second term of Eq. (A1).
Then we show the λ0 within the chargino box diagram

containing the RPV interactions between singlet sneutrinos
and quarks. The contribution is given by

Cχ�ð2Þ
V ¼

ffiffiffi
2

p
π2i

2GFηte2
λ0Iv3kλ

0I�
v02kðg2V�

m1Ṽ
I
v2 − V�

m2Y
I
2vÞ

ðg2Vm1Ṽ
I
v02 − Vm2YI

2v0 ÞD2½mν̃Iv
; mν̃I

v0
; mχ�m; mdk �;

ð3:3Þ
which appears in the third term of Eq. (A1).
The nonignorable W=H� box contributions in

Eq. (A3) are

CW=H�ð1Þ
9;l ¼−CW=H�ð1Þ

10;l ¼−
ffiffiffi
2

p
π2i

2GFηte2
ðy2uiKi3K�

i2Z
2
Hh2

Z2
Hh02

jYN
lvj2D2½mνv ;mui ;mHh

;mHh0 �

−4g22muiyuimνvKi3K�
i2Z

2
Hh2

ReðVvlY
N �
lv ÞD0½mνv ;mui ;mW;mHh

�þ5g42Ki3K�
i2jVvlj2D2½mνv ;mui ;mW;mW �Þ; ð3:4Þ

(a) (b) (c)

(d) (e) (f)

FIG. 1. Box diagrams for the b → slþl− process in our parameter scheme. Figures 1(a) and 1(b) show an example of λ0 diagrams and
non-λ0 diagrams within chargino boxes, respectively. Figures 1(c) and 1(d) show an example of λ0 diagrams and non-λ0 diagrams within
the W=H� box, respectively. Figures 1(e) and 1(f) show the three 4λ0 box diagrams with the ν̃R-engaged diagram omitted.

3In this work, md̃Rk
and mũLj are set to be around 10 TeV.
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where the mixing matrix elements ZH12
¼−sinβ and

ZH22
¼ − cos β, with Goldstone mass mH1

¼mW and
charged Higgs mass mH2

¼mH� , and YN
lv¼

ðYνÞjlV�
vðjþ3Þ. It is obvious that these W=H� box contri-

butions include SM effects, which cannot be separated
naively from NP effects because of the generation and the
chiral mixing of massive neutrinos. In addition, these
contributions still contain both the μþμ− channel sector
and eþe− channel sector. We will further investigate these
contributions in detail in Sec. V.
Next we show the penguin contributions. Indeed, the

Wilson coefficients of Z-boson penguin diagrams are
negligible. While the contributions of photon penguin
diagrams can be nonignorable, where the λ0 diagrams
[Fig. 2(a)] give

Cγð1Þ
U ¼ −

ffiffiffi
2

p
λ0Iv33λ

0I�
v23

36GFηtm2
ν̃Iv

�
4

3
þ log

m2
b

m2
ν̃Iv

�
ð3:5Þ

for the case of k ¼ 3, and the non-λ0 contributions

[Figs. 2(b) and 2(c)], namely Cγð2Þ
U , are also calculated

by us for completeness.

IV. THE ðg− 2Þl AND OTHER CONSTRAINTS

In this section, we introduce the NP contributions to
ðg − 2Þl and other related processes.

A. The muon (electron) anomalous
magnetic moment

The amplitude of the l → lγ (l ¼ e, μ) transition is
given by

iM ¼ iel̄
�
γη þ al

iσηβqβ
2ml

�
lAη ð4:1Þ

in the zero limit of photon moment q. The second term in
the bracket gives the loop corrections and al is called the
anomalous magnetic moment for the related lepton.
The SM-like diagrams that only involve SM particles

give the same contributions to al as the SM. Hence the
SUSY part can contribute to the observed anomaly Δal
[141]. The one-loop chargino and neutralino contributions

in the RPV-MSSMIS are given here, with reference to
Refs. [122,128,141,190], as

δaχ
�
l ¼ ml

16π2

�
ml

6m2
ν̃v

ðjclLmvj2 þ jclRmvj2ÞFC
1 ðm2

χ�m
=m2

ν̃v
Þ

þmχ�m

m2
ν̃v

ReðclLmvclRmvÞFC
2 ðm2

χ�m
=m2

ν̃v
Þ
�
;

δaχ
0

l ¼ ml

16π2

�
−

ml

6m2
l̃i

ðjnlLni j2 þ jnlRni j2ÞFN
1 ðm2

χ0n
=m2

l̃i
Þ

þmχ0n

m2
l̃i

ReðnlLni nlRni ÞFN
2 ðm2

χ0n
=m2

l̃i
Þ
�
; ð4:2Þ

where

clRmv ¼ ylUm2Ṽ
I
vl; clLmv ¼ −g2Vm1Ṽ

I
vl þ Vm2YI

lv;

nlRni ¼
ffiffiffi
2

p
g1Nn1δiðlþ3Þ þ ylNn3δil;

nlLni ¼ 1ffiffiffi
2

p ðg2Nn2 þ g1Nn1Þδil − ylNn3δiðlþ3Þ; ð4:3Þ

and with functions

FC
1 ðxÞ ¼

1

ð1 − xÞ4 ð2þ 3x − 6x2 þ x3 þ 6x log xÞ;

FC
2 ðxÞ ¼ −

1

ð1 − xÞ3 ð3 − 4xþ x2 þ 2 log xÞ;

FN
1 ðxÞ ¼

1

ð1 − xÞ4 ð1 − 6xþ 3x2 þ 2x3 − 6x2 log xÞ;

FN
2 ðxÞ ¼

1

ð1 − xÞ3 ð1 − x2 þ 2x log xÞ: ð4:4Þ

The flavor mixing of RH sleptons is not considered here,
and neither is the flavor mixing of LH sleptons. Since the
contributions from λ0 diagrams are negligible for the heavy
b̃R and ũL, they are not shown in Eq. (4.3). The difference
from the MSSM is the form factor clLmv in Eq. (4.3), where
the extra Vm2YI

lv term can make an enhancement. Because
the measured Δae has different features when compared

with Δaμ, we consider the schemes of jδaχ�μ j ≫ jδaχ�e j ≈ 0

and jδaχ0e j ≫ jδaχ0μ j ≈ 0 [131]. Thus, the muon generation

(a) (b) (c)

FIG. 2. Photon penguin diagrams for the b → slþl− process in our parameter scheme. Here each example of the λ0 diagrams (left), the
non-λ0 diagrams with W=H� (middle), and charginos (right) engaged are shown respectively.
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associated with RH sleptons is set sufficiently heavy, as
well as heavy L̃0

1 which is already assumed in Sec. III.

Afterwards we expect 1.92ð1.33Þ⩽jδaχ�μ þ δaχ
0

μ j × 109⩽
3.10ð3.69Þ to be in accord with aμ data at 1ð2Þσ,
respectively.

B. Tree-level processes

In the following we investigate related transition bounds
which exchange d̃Rk at the tree level. On account of the
assumption of heavy md̃Rk

∼ 10 TeV, the neutral current

processes B → Kð�Þνν̄, B → πνν̄, and D0 → μþμ−, as well
as the charged current processes B → τν, Ds → τν, and
τ → Kν, provide no effective constraints. Besides, there are
some tree-level processes which may make some slight
bounds to mention here.
The SM prediction BðKþ → πþνν̄ÞSM ¼ ð9.24�

0.83Þ × 10−11 [191], combined with the experimental
measurement BðKþ → πþνν̄Þexp ¼ ð1.7� 1.1Þ × 10−10

[192], induces the constraint. The effective Lagrangian
for the K → πνν̄ decay can be described by

Leff ¼ ðCSMδii0 þCNP
ii0 Þðd̄γμPLsÞðν̄iγμPLνi0 Þ þH:c:; ð4:5Þ

where the SM contributes CSM ¼ −
ffiffi
2

p
GFe2KtsK�

td

4π2 sin2 θW
XðxtÞ and

XðxtÞ ¼ xtðxtþ2Þ
8ðxt−1Þ þ

3xtðxt−2Þ
8ðxt−1Þ2 logðxtÞ with xt ¼ m2

t =m2
W [193],

while the NP contribution is

CNP
ii0 ¼ λ0Ni02kλ

0N �
i1k

2m2
d̃Rk

: ð4:6Þ

Then the bound is obtained as jλ0Ni02kλ0N �
i1k j < 0.074 when

md̃Rk
is around 10 TeV [47], and, hence, we can set

jλ0i1kj≲ 10−2 to avoid this bound.
As to the processes of τ decaying to a μ and a vector

meson, τ → μρ0 and τ → μϕ, the branching fraction is
given by [194]

Bðτ → μVÞ ¼ ττf2Vm
3
τ

128π
jAV j2

�
1 −

m2
V

m2
τ

��
1þm2

V

m2
τ
− 2

m4
V

m4
τ

�
;

ð4:7Þ

where V stands for ρ0 and ϕ. The mean lifetime of the tauon
ττ ¼ 290.3� 0.5 fs [192], and the decay constants fV have
the value of fρ0 ¼ 153 MeV and fϕ ¼ 237 MeV, respec-
tively [45]. AV is given by [194]

Aρ0 ¼
λ̃03j1λ̃

0�
2j1

2m2
ũLj

−
λ̃031kλ̃

0�
21k

2m2
d̃Rk

;

Aϕ ¼ λ̃03j2λ̃
0�
2j2

2m2
ũLj

: ð4:8Þ

The most recent experimental upper limits on the branch
fractions of the two processes at 90% confidence level
(C.L.) are Bðτ → μρ0Þ < 1.2 × 10−8 and Bðτ → μϕÞ <
8.4 × 10−8 [192]. We can obtain the bounds [45]

jλ̃03j1λ̃0�2j1 − λ̃031kλ̃
0�
21kj < 1.9; jλ̃03j2λ̃0�2j2j < 3.6 ð4:9Þ

when both md̃Rk
and mũLj are around 10 TeV. Under the

negligible jλ0i1kj assumption, the bounds of Eq. (4.9) turn
into jλ̃0321λ̃0�221 þ λ̃0331λ̃

0�
231j < 1.9 or jλ̃0322λ̃0�222 þ λ̃0332λ̃

0�
232j <

3.6 when the single-value k is restricted to 1 or 2 for the
nonzero λ0ijk, respectively, while there exists no effective
bound when k is restricted to 3. We can see that if k is
restricted to 1(2) for the nonzero λ0ijk, jλ0ij1ð2Þj should be

below around 1(1.3), respectively, in the case of no
cancelling out.

C. B → Xsγ

At the one-loop level, the photon penguin diagrams in
Fig. 2 also contribute to the electromagnetic dipole operator
O7 ¼ mb

e ðs̄σμνPRbÞFμν constrained by the B → Xsγ decay.
The NP Wilson coefficient CNP

7 includes charged Higgs
contributions and the effects from the chargino with ũRj as
well as the RPV contributions engaging sneutrinos.
The RPV contribution is given by

CRPV
7 ¼

ffiffiffi
2

p
λ0Iv3kλ

0I�
v2k

144GFηtm2
ν̃Iv

: ð4:10Þ

Compared with Cγð1Þ
U in Eq. (3.5), CRPV

7 contains the
common part λ0Iv3kλ

0I�
v2k=m

2
ν̃Iv
while containing no logarithmic

term.
The charged Higgs contribution is given by

CH�
7 ¼ 1

3 tan2 β
Fð1Þ
7 ðytÞ þ Fð2Þ

7 ðytÞ; ð4:11Þ

where the form factors are Fð1Þ
7 ðytÞ ¼ ytð7−5yt−8y2t Þ

24ðyt−1Þ3 þ
y2t ð3yt−2Þ
4ðyt−1Þ4 log yt and Fð2Þ

7 ðytÞ ¼ ytð3−5ytÞ
12ðyt−1Þ2 þ

ytð3yt−2Þ
6ðyt−1Þ3 log yt, with

yt ¼ m2
t =m2

H� . One can see that the Fð2Þ
7 ðytÞ part is not

suppressed when tan β is large, and this is unlike the H�
contributions to C9ð10Þ which are entirely suppressed by the

large tan β. The formulas of Cχ�
7 engaging the chargino,

together with ũRj and the QCD corrections, can be seen in
Ref. [195].
The recent measurements of the branching ratio

BðB → XsγÞexp × 104 ¼ 3.43� 0.21� 0.07 [89] is consis-
tent with the SM prediction BðB → XsγÞSM × 104 ¼
3.36� 0.23 [196], and induces the bound to jCNP

7 j <
0.025 [48].
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D. Bs − B̄s mixing

Another process we should consider is Bs − B̄s mixing,
mastered by the Lagrangian

Leff ¼ ðCSM
Bs

þ CNP
Bs
Þðs̄γμPLbÞðs̄γμPLbÞ þ H:c:; ð4:12Þ

where the non-negligible NP contribution is given by

CNP
Bs

¼ −
i
8
ðλ0Iv3kλ0I�v2kλ

0I
v03kλ

0I�
v02kD2½mν̃Iv

; mν̃I
v0
; mdk; mdk �

þ y2uiy
2
ujðKi3K�

i2ÞðKj3K�
j2ÞjVm2Vn2j2

×D2½mχ�m;mχ�n ; mũRi ; mũRj �Þ; ð4:13Þ

including the λ0 diagram with double sneutrinos and the
non-λ0 diagram with double RH su-quarks, and the SM
contribution CSM

Bs
¼ − 1

4π2
G2

Fm
2
Wη

2
t SðxtÞ with the function

SðxtÞ ¼ xtð4−11xtþx2t Þ
4ðxt−1Þ2 þ 3x3t logðxtÞ

2ðxt−1Þ3 . With the measurement of

ΔMexp
s ¼ ð17.757� 0.021Þ ps−1 [89],4 the recent SM pre-

diction ΔMSM
s ¼ð18.4þ0.7

−1.2Þ ps−1¼ð1.04þ0.04
−0.07ÞΔMexp

s [198]
leads to the bound of

0.90 < j1þ CNP
Bs
=CSM

Bs
j < 1.11; ð4:14Þ

at the 2σ level.

E. Lepton flavor violating decays

We discuss the lepton flavor violating decays including
τ → lγ, μ → eγ, τ → lll, μ → eee, and τ → l0ll. First,
the λ0-diagram contributions can be eliminated when b̃R is
sufficiently heavy [47]. As to the non-λ0 diagrams, all the
neutralino-slepton diagrams contain flavor mixings of
charged sleptons and all the chargino-sneutrino diagrams
contain flavor mixings of sneutrinos (see Ref. [199] for
concrete formulas). So, the effects of these two kinds of
diagrams vanish when there is no flavor mixing in the two
mass matrices. For contributions of the W=H�-neutrino

diagrams, they are always connected to these terms, which
are VT�

ðαþ3ÞvV
T
ðβþ3Þv, VT�

ðαþ3ÞvV
T
βv, and VT�

αvVT
βv, and their

conjugate terms, where α; β ¼ e, μ, τ and α ≠ β [199].
In Sec. VA, we will show how all these terms contribute no
effects under the particular structure of the neutrino mass
matrix. The same analyses can also be applied to the non-λ0

diagrams in B0
s → τ�μ∓ and Bþ → Kþτ�μ∓. For the λ0

diagrams of these two processes, we refer to the detailed
discussions in Ref. [46], and no obvious constraints
are found.

F. Anomalous t → cVðhÞ decays
The SM predicts the branching ratios of t → cV decays

(V stands for the vector bosons, including Z, γ, and the
gluon g) and t → ch decay (h stands for SM-like Higgs
boson) below the scale of 10−15–10−12 [200] due to the
Glashow–Iliopoulos–Maiani suppression. This scale is
beyond the detection capabilities at the collider in the near
future. The most recent experimental 95% C.L. upper limits
on the branching ratios of these top quark decays at the
Large Hadron Collider (LHC) show that Bðt → cZÞ <
2.4 × 10−4 [201], Bðt → cγÞ < 1.8 × 10−4 [202], Bðt →
cgÞ < 4.1 × 10−4 [203], and Bðt → chÞ < 1.1 × 10−3

[204]. Compared with the effects from pure MSSM, the
one-loop RPV diagrams can make more contributions
[205,206], and hence we will investigate these effects in
our model.
For the t → cV decays, the effective tcV vertices are

expressed as

VμðtcZÞ ¼ ieðγμPLAZ þ ikνσμνPRBZÞ;
VμðtcγÞ ¼ ieðikνσμνPRBγÞ;
VμðtcgÞ ¼ igstaðikνσμνPRBgÞ; ð4:15Þ

where kν is the momentum of the vector boson. The form
factors AZ and BV are given by [205]

AZ ¼ λ̃0�i2kλ̃
0
i3k

16π2

�
fZ1B1ðmt;mdk ; ml̃Li

Þ − fZ2

�
2c24 −

1

2
þm2

Zðc12 þ c23Þ
�
ð−pt; pc; mdk ; ml̃Li

; mdkÞ

− fZ3 ½2c24 þm2
t ðc11 − c12 þ c21 − c23Þ�ð−pt; k;mdk; ml̃Li

; ml̃Li
Þ
�
;

BV ¼ λ̃0�i2kλ̃
0
i3k

16π2
ffV2mt½c11 − c12 þ c21 − c23�ð−pt; pc; mdk ; ml̃Li

; mdkÞ
− fV3mt½c11 − c12 þ c21 − c23�ð−pt; k;mdk; ml̃Li

; ml̃Li
Þg; ð4:16Þ

4The newly updated experimental result of ΔMs by LHCb has been reported [197]. The combined result with previous LHCb
measurements gives ΔMLHCb

s ¼ ð17.7656� 0.0057Þ ps−1 with the improved precision. Using this new combined result will not change
Eq. (4.14).
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where pt and pc are the momentums of top and charm
quarks and functions B1 and cij are the Passarino–Veltman
integrals totally referring to Ref. [207]. The constants

fZ1 ¼ 3−4 sin2 θW
6 sin θW cos θW

, fZ2 ¼ − sin θW
3 cos θW

, and fZ3 ¼ 2 sin2 θW−1
sin θW cos θW

are

in the form factors AZ and BZ. In Bγ, the relevant constants
are fγ2 ¼ 1=3 and fγ3 ¼ −1, while fg2 ¼ −1 and fg3 ¼ 0 in
Bg. Then the decay widths of t → cV are given as

Γðt → cZÞNP ¼
e2ðm2

t −m2
ZÞ2

32πm3
t

��
2þ m2

t

m2
Z

�
jAZj2

− 6mtReðAZBZ�Þ þ ð2m2
t þm2

ZÞjBZj2
�
;

Γðt → cγÞNP ¼
e2m3

t

16π
jBγj2;

Γðt → cgÞNP ¼
g2sm3

t

12π
jBgj2: ð4:17Þ

As for the t → ch decay, the effective tch vertex is
expressed as

VðtchÞ ¼ ieðPLAh
L þ PRAh

RÞ: ð4:18Þ

After omitting masses of charm quarks and all down-type
quarks, one can obtain [206]

Ah
R ¼ λ̃0�i2kλ̃

0
i3k

16π2
Y l̃Li

mtðc11 − c12Þð−pt; k; 0; ml̃Li
; ml̃Li

Þ;
Ah
L ¼ 0; ð4:19Þ

where factor Y l̃Li
≈ mZ

sin θW cos θW
ð1
2
− sin2 θWÞ cos 2β when the

masses of leptons are omitted and the mass of CP-odd
Higgs bosons is sufficiently heavy. Then the decay width of
t → ch is

Γðt → chÞNP ¼
e2ðm2

t −m2
hÞ2

32πm3
t

jAh
Rj2: ð4:20Þ

NP contributes to related branching ratios which are
given by Bðt→cVðhÞÞNP¼Γðt→cVðhÞÞNP=Γðt→bWÞSM,
where the dominant decay t → bW has the SM prediction
Γðt → bWÞSM ¼ 1.42 GeV [208].

G. LHC direct searches

The LHC direct searches have led to stringent limits on
the masses of sbottoms and stops [209–215], and the recent
searches [213–215] have excluded the heavy stops more
than 1.35 TeV. In view of the fact that d̃Rk and ũLi have
already been set adequately heavy, we further set
mũRi > 1.4 TeV.
For the constraints on LH sleptons as mentioned in

Sec. II, when considering nonzero λ couplings, the lower
bounds of mν̃L and ml̃ reach the TeV scale [182–184].

Because only nonzero λ0 couplings are restricted in this
work, LH sleptons decaying to pure leptons directly is
secondary, and processes without λ interactions should be
taken into consideration mainly. We consider the searches
which focus on LH sleptons decaying into leptons and the
lightest neutralino χ01 [216–218], and the recent ATLAS
results [217] show that the LH sleptons that are heavier than
χ01 can avoid the exclusion formχ0

1
≳ 300 GeV. Besides, the

compressed scenario, that the lightest chargino massmχ�
1
is

slightly heavier thanmχ0
1
[219], is adopted. Thus we will let

inputs induce mχ�
1
≳mχ0

1
≳ 300 GeV and ml̃L

> 300 GeV.

V. NUMERICAL RESULTS
AND DISCUSSIONS

In this section, we investigate b → slþl− anomalies
numerically, as well as the aμ anomaly and the related
constraints.

A. Choice of input parameters

The first parts of the input parameters used throughout
the paper are collected in Table I, which includes the lepton
oscillation data [74] under the normal ordering (NO)
assumption of LH neutrino masses. In addition, we further
keep δCP ¼ π to omit the CP violation in UPMNS. The
lightest neutrino mass is set to zero to have the masses of
three-flavor light neutrinos as f0; 0.008; 0.05g eV with
mdiag

ν ≈ diagð0;
ffiffiffiffiffiffiffiffiffiffiffi
Δm2

21

p
;

ffiffiffiffiffiffiffiffiffiffiffi
Δm2

31

p
Þ [220]. Then we collect

the fixed values of relevant model parameters in Table II.
The sets give mχ�

1
¼ 325 GeV and mχ0

1
¼ 307 GeV, which

are in accordance with the constraints discussed in Sec. IV
G. Besides, we set the diagonal parameters for Yν,MR,mL̃0 ,
mR̃, BMR

, and Aν in Eq. (2.7) so that the sneutrino mixing
matrices ṼIðRÞ only have chiral mixings without flavor
mixings and let them have proper values to agree with the
discussions in Secs. III and IV.5 As for the remaining model
parameters, mL̃0

2
, mL̃0

3
, λ022k, λ

0
23k, λ

0
32k, and λ033k, they can

vary freely in the ranges considered.
With related inputs in Tables I and II, the μS term in

Eq. (2.4) can be figured out with mD, MR, UPMNS, and the
light neutrino masses mdiag

ν through Eq. (2.5). Then we
obtain the approximate numerical form of the mixing
matrix VT ,

5Under the premise of no flavor mixing in ṼIðRÞ, we mention
that sufficiently heavy mL̃0

1
and mR̃1

can eliminate the box

contributions to b → seþe− except for CW=H�ð1Þ
9;e in Sec. III;

mμ̃R and mL̃0
1
are set sufficiently heavy for the scheme of

nondominant jδaχ0μ j and jδaχ�e j in Sec. IVA. The ṼIðRÞ without
flavor mixings is also for satisfying the bounds from lepton flavor
violating decays mentioned in Sec. IV E.
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VT ≈

0
BBBBBBBBBBBBBBBBBB@

0.840 0.509 −0.147 −0.085i 0 0 0.085 0 0

−0.231 0.599 0.755 0 0.097i 0 0 0.097 0

0.478 −0.608 0.628 0 0 0.061i 0 0 −0.061
0 0 0 0.707i 0 0 0.707 0 0

0 0 0 0 −0.707i 0 0 0.707 0

0 0 0 0 0 −0.707i 0 0 −0.707
−0.102 −0.062 0.018 −0.702i 0 0 0.702 0 0

0.032 −0.083 −0.105 0 0.700i 0 0 0.700 0

−0.041 0.053 −0.055 0 0 0.704i 0 0 −0.704

1
CCCCCCCCCCCCCCCCCCA

; ð5:1Þ

corresponding to the light neutrino masses mνi ¼f0; 0.008; 0.05g eV and the nearly degenerate heavy ones
mνvh

around 1 TeV. One can see that there is no flavor
mixing when the RH sector is engaged but chiral mixing
exists. With the numerical result of Eq. (5.1), we can
eliminate the VT�

ðαþ3ÞvV
T
ðβþ3Þv and VT�

ðαþ3ÞvV
T
βv terms in the

contributions of W=H�-neutrino diagrams to the lepton
flavor violating decays within Sec. IV E. VT�

αvVT
βv can be

decomposed into the following two parts:
P

9
vh¼4 V

T�
αvhV

T
βvh

and
P

3
i¼1 V

T�
αi V

T
βi ¼ −

P
9
vh¼4 V

T�
αvhV

T
βvh

, related to the
nearly degenerate heavy neutrinos and light neutrinos,
respectively [188]. It can also be found that VT�

αvVT
βv

provides no effects from Eq. (5.1). In sum, the lepton
flavor violating decays mentioned in Sec. IV E contribute
no effective bounds in our input sets.
In the following we discuss the feature of CW=H�ð1Þ

9ð10Þ;l in
Eq. (3.4), which includes the eþe− channel. The three terms
of Eq. (3.4) contain jVT

ðlþ3Þvj2, ReðVT
lvV

T
ðlþ3ÞvÞ and jVT

lvj2,
respectively. For h or/and h0 ¼ 2 first, this part of Eq. (3.4)
includes the contribution of charged Higgs bosons and it
can be ignored for the set of tan β ¼ 15. In the case of
h ¼ h0 ¼ 1, this part of Eq. (3.4) describes the contribution
of seesaw-extended SM. jVT

lvj2 in the third term is
dominated by jUPMNS

li j2, and thus this term is nearly equal
to the contribution of the original SM. Because
ReðVT

lvV
T
ðlþ3ÞvÞ is negligible compared with jVT

ðlþ3Þvj2,
we focus on the first term in Eq. (3.4) and the second term
can be omitted safely. According to the discussion above,

the pure NP contribution ΔCW=H�
9ð10Þ;l in Eq. (3.4) is induced

by only heavy neutrinos and is given by

TABLE I. Summary of parts of input parameters used throughout this paper.

QCD and EW parameters [192]
GF½10−5 GeV−2� αeðmZÞ αsðmZÞ mW [GeV] sin2 θW
1.1663787 1=128 0.1179(10) 80.379 0.2312

Quark and lepton masses [GeV] [192]
m̄bðm̄bÞ m̄cðm̄cÞ mt me mμ mτ

4.18þ0.03
−0.02 1.27(2) 172.76(30) 0.511 × 10−3 0.1057 1.777

CKM Wolfenstein parameters [221]
λCKM A ρ̄ η̄
0.22484þ0.00025

−0.00006 0.8235þ0.0056
−0.0145 0.1569þ0.0102

−0.0061 0.3499þ0.0079
−0.0065

Lepton oscillation parameters (NO) [74]
sin2 θ12 sin2 θ23 sin2 θ13
0.304(12) 0.573þ0.016

−0.020 0.02219þ0.00062
−0.00063

δCP½°� Δm2
21½10−5 eV2� Δm2

31½10−3 eV2�
197þ27

−24 7.42þ0.21
−0.20 2.517þ0.026

−0.028

TABLE II. The sets of fixed model parameters, defined at μNP
scale. The two sets of Aν are for scenario A and B, respectively.

Parameters Sets Parameters Sets

tan β 15 Yν diag(0.7,0.8,0.5) [222]
M1 320 GeV MR diag(1,1,1) TeV
M2 350 GeV BMR diagð0.5; 0.5; 0.5Þ TeV2

μ 450 GeV Aν 0; diagð0;−1.5; 0Þ TeV
mũRi 1.5 TeV mL̃0

1
5 TeV

mμ̃R 5 TeV mR̃ diag(5,0,0) TeV
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ΔCW=H�
9;l ¼

X9
vh¼4

−
ffiffiffi
2

p
π2i

2GFηte2
y2uiKi3K�

i2 sin
4 βjYνllV

T
ðlþ3Þvh j2

×D2½mνvh
; mui ; mW;mW �: ð5:2Þ

Our parameter set leads that the contribution ΔCW=H�
9;l ¼

−ΔCW=H�
10;l in Eq. (5.2) is at a negative 10−2 scale for both

μþμ− and eþe− channels. This small LFU effect cannot be
included in both CV and CU within Eq. (1.3) and is ignored

for the approximation. We also obtain Cγð2Þ
U around 0.01

and Cχ�ð1Þ
V around −0.01 in which the main contributions

are from λ0 diagrams. In summary, the LFU violating
coefficient and the LFU coefficient can be represented by

CV ¼ Cχ�ð1Þ
V þ Cχ�ð2Þ

V and CU ¼ Cγð1Þ
U þ Cγð2Þ

U , respec-
tively. We find that the factor cμLmv ¼ −g2Vm1Ṽ

I
v2 þ

Vm2YI
2v in Eq. (4.3) is also included in Cχ�ð1Þ

V and

Cχ�ð2Þ
V . Therefore, the large chiral mixing of sneutrinos

will make some enhancements to both CV and aNPμ
simultaneously.

B. Explanations of b → sl+l− anomalies with ðg − 2Þμ
In this part we will search for the common areas of five

variables, mL̃0
2
, λ0223, λ0233, λ0323, and λ0333, to explain

b → slþl− anomalies as well as ðg − 2Þμ deviations
considering related constraints in the two fit scenarios
mentioned in Sec. I. In scenario A, we fix mL̃0

3
¼ mL̃0

2
−

50 GeV which is a benefit for satisfying the constraint of
Bs − B̄s mixing. In scenario B, we fix mL̃0

3
¼ mL̃0

2
. For the

bounds of ml̃L
in LHC searches mentioned in Sec. IVG,

we focus on mL̃0
2
≥ 370 GeV which causes the mass of

lightest charged slepton ml̃1
(sneutrino mν̃1) to be above

318(301) GeV in scenario A and mν̃1 to be heavier than
100 GeV, while ml̃1

is above 352 GeV in scenario B. In
particular, we choose k ¼ 3 for a benchmark of the
numerical calculation.

1. Explanations of ðg− 2Þμ anomalies

At first, we show the bound for mL̃0
2
with aNPμ in each

scenario at Fig. 3, in which aNPμ can contribute to aSMμ
increasing and accommodate the observed Δaμ deviation
from the 4.2σ to 2σ level below. In scenario B, there are
also allowed spaces at the 1σ level. In scenario A, we obtain
the allowed range 370 ≤ mL̃0

2
≤ 470 GeV at the 2σ level,

and in scenario B there is a larger range of 370 ≤ mL̃0
2
≤

820 GeV at the 2σ level as well as a range of 420 ≤ mL̃0
2
≤

610 GeV at the 1σ level. Besides, we have calculated that
aNPe can reach negative Oð10−14Þ only in the case of
mẽR ∼ 100 GeV in our parameter spaces.

2. Results in scenario A

Next we investigate b → slþl− anomalies further with
the parameter regions of mL̃0

2
we have obtained above. In

scenario A, CU should have 0 as the definition. To make CU
cancel out, λ0�323λ

0
333 is figured out as the expression of

λ0�223λ
0
223 and vice versa, and the constraints from Bs − B̄s

mixing and B → Xsγ will be mainly suppressed. Also the
large mH� as 2 TeVand mũRi as 1.5 TeVavoid too strong of
bounds on the MSSM part of the model from B → Xsγ
decays. In Fig. 4, the common areas of b → slþl−

explanations under other bounds show a larger value and
region of λ0�223λ

0
233 or −λ0�323λ0333 for a heaviermL̃0

2
. The values

of λ0�323λ
0
333 always have the negative sign compared with the

positive λ0�223λ
0
233, and their region sizes are nearly the same

Scenario A

380 400 420 440 460 480 500
1.2

1.3

1.4

1.5

1.6

1.7
Scenario B

400 500 600 700 800 900 1000
0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

FIG. 3. aNPμ varies with mL̃0
2
in scenario A (left) and scenario B (right). The dark (light) green areas are 1ð2Þσ favored to explain the

Δaμ deviation.
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for the same value of mL̃0
2
. The results in scenario A show

that b → slþl− anomalies in both 1σ and 2σ fits can be
explained.
Combined with considering the Δaμ deviation, we find

the final common region to explain the b → slþl− and aμ
anomalies simultaneously at the 2σ level, which are shown
by the points on the left of the Δaμ bound line in Fig. 4(b).
The result provides the mL̃0

2
range with 370 GeV ≤ mL̃0

2
≤

470 GeV and the edge values of λ0 combinations are
collected in Table III.

3. Results in scenario B

In scenario B, the common scopes are shown at Figs. 5
and 6. Similar to scenario A, the values of allowed λ0�323λ

0
333

are always negative compared with the positive λ0�223λ
0
233 and

the region sizes of their common scopes become larger as
mL̃0

2
is varying heavier. As shown in Fig. 5, there exist areas

to explain b → slþl− anomalies at the 1σ level for rare
B-meson decay fits, and the Bs − B̄s mixing mostly
constrains. While B → Xsγ decays provide no extra bounds
when mL̃0

2
≳ 430 GeV and even reaches TeV. When mL̃0

2

blow around 430 GeV, 1σ explanations will not be viable,
and B → Xsγ decays provide extra bounds versus Bs − B̄s
mixing. In Fig. 6(a), we compare the common region sizes
for the different fixed mL̃0

2
with each other and find that the

deviation between the allowed region sizes of λ0�223λ
0
233 and

−λ0�323λ0333 are small, up to around 0.1 scale. Thus we further
fix them equaling each other and show λ0�223λ

0
233 varying

with increasing mL̃0
2
only in Fig. 6(b), and find that the 1σ

favored fit requiresmL̃0
2
≳ 550 GeV and the region of 2σ fit

has a broader size. When mL̃0
2
is below 550 GeV, there also

exists common regions of 1σ fit while in these
regions, λ0�223λ

0
233 þ λ0�323λ

0
333 ≠ 0.

Combined with aμ data, the final common region of
400 GeV ≤ mL̃0

2
≤ 820 GeV is required to explain the b →

slþl− and aμ anomalies simultaneously at the 2σ level,
and edge values of λ0 combinations are collected in
Table IV.

C. Predictions of t → cg decay

As in the numerical discussions above, we have the final
parameter spaces of mL̃0

2
, as well as the coupling combi-

nations λ0�223λ
0
233 and λ0�323λ

0
333, to explain related LFU

violating anomalies, while these variables also provide
NP effects on the top decays t → cVðhÞ.
We have checked that our final parameter spaces can

satisfy the most recent upper limits on the branching ratios
of t → cVðhÞ decays at the LHC easily. The NP contri-
butions to the branching ratios of t → cVðhÞ depend on the
term λ̃0�i2kλ̃

0
i3kfl̃Li where fl̃Li stands for the loop integral

including LH charged sleptons. This term can be given

(a)

i=2

i=3

a at 2

400 500 600 700 800 900
0.0

0.2

0.4

0.6

0.8

1.0

(b)

i=2

i=3

a at 2

400 500 600 700 800 900
0.0

0.2

0.4

0.6

0.8

1.0

FIG. 4. The common scopes of constraints with the fit level of rare B-meson decays as 1σ (left) and 2σ (right) in scenario A. The blue
(green) points show that λ0�223λ

0
233 (−λ0�323λ0333) varies with mL̃0

2
and then λ0�323λ

0
333 (λ

0�
223λ

0
233) is derived. It should be paid attention to that

among λ0�223λ
0
233 and λ

0�
323λ

0
333 there is only one independent variable in this scenario, so the blue and green points are relevant. The area on

the left of the red dashed line is allowed to be accordant with aμ data at 2σ.

TABLE III. The edge values of λ0�223λ
0
233 and λ0�323λ

0
333 related to

differentmL̃0
2
for the simultaneous explanation of b → slþl− and

aμ anomalies at the 2σ level in scenario A.

mL̃0
2
[GeV] λ0�223λ

0
233 λ0�323λ

0
333

370 [0.14, 0.30] ½−0.26;−0.12�
420 [0.17, 0.37] ½−0.32;−0.15�
470 [0.20, 0.44] ½−0.38;−0.18�
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by λ̃0�i2kλ̃
0
i3kfl̃Li ≈ ðλ0�i2kλ0i3k þ jλ0i2kj2Kcb þ jλ0i3kj2KcbÞfl̃Li.

Because of canceling out in λ0�i2kλ
0
i3kfl̃Li , the hierarchical

structure between λ0a2k and λ0a3k (a ¼ 2, 3) is considered to
make prominent contributions, and we set the large λ0a3k

here. We keep restricting k as 3 and set λ0233 ¼ λ0333 ¼ 2

or 3.
In the following we show that the prediction values of

Bðt → cgÞNP from the parameter spaces to explain b →
slþl− and aμ anomalies can reach the sensitivity at the
FCC-hh in Fig. 7. One can see that in scenario A, when
370 GeV ≤ mL̃0

2
≤ 440 GeV and λ0a33 ¼ 3, the prediction

Bðt → cgÞNP is higher than the prospective upper limit
9.87 × 10−8, at the 100 TeV FCC-hh for the integrated
luminosity of L ¼ 10 ab−1 of data through the triple-top
signal [223], and the prediction in scenario B for the same
λ0a33 can also reach this upper limit. When λ0a33 is set to be 2,
the branching ratio is much lower and can not even reach

(a) (b)

FIG. 6. The common scopes of constraints in scenario B. Figure 6(a) shows the common scopes constrained by the rare B-meson
decay fits at the 1σ level denoted by painted areas and the 2σ level denoted by hatched areas, combined with other process constraints at
the 2σ level for mL̃0

3
¼ mL̃0

2
¼ 550 (green), 750 (orange), and 950 GeV (red). Figure 6(b) shows the regions which satisfy the rare B-

meson decay fits being 1ð2Þσ favored under the assumption λ0�323λ
0
333 ¼ −λ0�223λ0233, denoted by red (blue) points, with other process

constraints being considered. The area on the left of the red dashed line is allowed to be accordant with aμ data at 2σ.

(a)
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(b) (c)

FIG. 5. The regions of constraints in scenario B without aμ data. The green regions are 1ð2Þσ favored ones with dark (light) opacity to
satisfy the rare B-meson decay fits. At the 2σ level, the hatched blue areas are excluded by Bs − B̄s mixing and the hatched red areas are
excluded by B → Xsγ decays. Besides, mL̃0

3
¼ mL̃0

2
are fixed as 430 (left), 750 (middle), and 1000 GeV (right).

TABLE IV. The same as Table III except for scenario B.

mL̃0
2
[GeV] λ0�223λ

0
233 λ0�323λ

0
333

420 [0.062, 0.086] ½−0.137;−0.063�
650 [0.22, 0.62] ½−0.70;−0.17�
820 [0.35, 1.00] ½−1.10;−0.30�
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the sensitivity at the FCC-hh for the estimated L ¼ 39 ab−1

in both scenarios A and B. We conclude that, at the
FCC-hh, this model signal on the t → cg transition has
considerable possibilities to be found for sufficiently large
λ0a33, but the model can escape easily from the bound of this
transition when the structure between λ0a23 and λ0a33 is not
hierarchical enough.

VI. CONCLUSIONS

Recent measurements on the transition b → slþl−

reveal the deviations from SM predictions. The most

motivative Rð�Þ
K anomaly and anomalies from other

observables like P0
5, called b → slþl− anomalies collec-

tively, suggest the NP of LFU violation may exist. Besides,
these NP may also affect the enduring muon anomalous
magnetic moment, the ðg − 2Þμ problem.
In this work, we have studied the chiral mixing effects of

sneutrinos in the R-parity violating MSSM with the inverse
seesaw mechanism to explore the explanation of b →
slþl− anomalies with the ðg − 2Þμ problem simultane-
ously. Here all the one-loop contributions to b → slþl−

processes are scrutinized under the assumption of a single-
value k. Among them, the contributions of chiral mixing
between LH and singlet (s)neutrinos within a superpoten-
tial term λ0ijkL̂iQ̂jD̂k are given for the first time to our
knowledge. To explain b → slþl− anomalies in this
model, two kinds of model-independent global fits are
adopted. One is the single-parameter scenario of CNP

9;μ ¼
−CNP

10;μ and the other scenario is the double-parameter one
in which ð�ÞCV contributes to the CNP

9ð10Þ;μ part in the μ
þμ−

channel and CU contributes to the CNP
9 part in both the

μþμ− and eþe− channels. Then in the numerical analyses,
we find that b → slþl− and ðg − 2Þμ anomalies can be
explained simultaneously in both scenario A and B. The
main constraints among related processes are from Bs − B̄s
mixing covering B → Xsγ decay mostly, but the other tree-
level and one-loop processes provide no effective bounds.
At last, we make a prospect that NP contributions to t → cg
process can reach the sensitivity at the FCC-hh in parts of
the parameter spaces of this model.
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FIG. 7. The predictions of Bðt → cgÞNP compared with the
prospect upper limit at the 100 TeV FCC-hh.

APPENDIX: ONE-LOOP BOX CONTRIBUTIONS IN THE RPV-MSSMIS

In this Appendix, we list all Wilson coefficients from the one-loop box diagrams of b → slþl− in the RPV-MSSMIS
without the extra assumption of a single-value k.
The LH-quark-current contributions of chargino box diagrams to the b → slþl− process are given by

Cχ�
9;l¼−Cχ�

10;l¼−
ffiffiffi
2

p
π2i

2GFηte2
ðg22Ki3K�

i2V
�
m1Vn1ðg2Vm1Ṽ

I
vl−Vm2YI

lvÞðg2V�
n1Ṽ

I
vl−V�

n2Y
I
lvÞD2½mν̃Iv

;mχ�m;mχ�n ;mũLi �

þy2uiKi3K�
i2V

�
m2Vn2ðg2Vm1Ṽ

I
vl−Vm2YI

lvÞðg2V�
n1Ṽ

I
vl−V�

n2Y
I
lvÞD2½mν̃Iv

;mχ�m;mχ�n ;mũRi �
−λ0Iv3kλ

0I�
v02kðg2V�

m1Ṽ
I
vl−V�

m2Y
I
lvÞðg2Vm1Ṽ

I
v0l−Vm2YI

lv0 ÞD2½mν̃Iv
;mν̃I

v0
;mχ�m;mdk �

− λ̃0likλ̃
0�
ljkg

2
2Ki3K�

j2jVm1j2D2½mũLi ;mũLj ;mχ�m;mdk �þ λ̃0likλ0I�v2kðg2Ki3V�
m1Þðg2Vm1Ṽ

I
vl−Vm2YI

lvÞD2½mν̃Iv
;mũLi ;mχ�m;mdk �

þλ0�likλ
0I
v3kðg2K�

i2Vm1Þðg2V�
m1Ṽ

I
vl−V�

m2Y
I
lvÞD2½mν̃Iv

;mũLi ;mχ�m;mdk �Þ; ðA1Þ
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where the Yukawa couplings are yui ¼
ffiffiffi
2

p
mui=vu and YI

lv ¼ ðYνÞjlṼI�
vðjþ3Þ, while the corresponding RH-quark-current

contributions are

C0χ�
9;l ¼ −C0χ�

10;l ¼ −
ffiffiffi
2

p
π2i

2GFηte2
λ0Ivi2λ

0I�
v0i3ðg2V�

m1Ṽ
I
vl − V�

m2Y
I
lvÞðg2Vm1Ṽ

I
v0l − Vm2YI

lv0 ÞD2½mν̃Iv
; mν̃I

v0
; mχ�m; mdi �: ðA2Þ

The contributions of W=H� box diagrams to the b → slþl− process are given by

CW=H�
9;l ¼ −CW=H�

10;l ¼ −
ffiffiffi
2

p
π2i

2GFηte2
ðy2uiKi3K�

i2Z
2
Hh2

Z2
Hh02

jYN
lvj2D2½mνv ; mui ; mHh

; mHh0 �

− 4g22muiyuimνvKi3K�
i2Z

2
Hh2

ReðVvlY
N �
lv ÞD0½mνv ; mui ; mW;mHh

�
þ 5g42Ki3K�

i2jVvlj2D2½mνv ; mui ; mW;mW �
þ Z2

Hh2
YN �
lv Y

N
lv0λ

0N
v3kλ

0N �
v03kD2½mνv ; mνv0 ; mHh

; md̃Rk
�

− 2g22mνvmνv0V
�
vlVv0lλ

0N
v3kλ

0N �
v02kD0½mνv ; mνv0 ; mW;md̃Rk

�
þ 2mνvmνv0Z

2
Hh2

YN
lvY

N �
lv0 λ

0N
v3kλ

0N �
v02kD0½mνv ; mνv0 ; mHh

; md̃Rk
�

þ 2muimujyuiyujKi3K�
j2Z

2
Hh2

λ̃0likλ̃
0�
ljkD0½mui; muj ; mHh

; md̃Rk
�

− g22VvlV�
v0lλ

0N
v3kλ

0N �
v02kD2½mνv ; mνv0 ; mW;md̃Rk

�
− g22Ki3K�

j2λ̃
0
likλ̃

0�
ljkD2½mui; muj ; mW;md̃Rk

�
− 2muiyuimνvKi3Z2

Hh2
YN �
lv λ̃

0
likλ

0N �
v02kD0½mui ; mνv ; mHh

; md̃Rk
�

− 2muiyuimνvK
�
i2Z

2
Hh2

YN
lvλ̃

0�
likλ

0N
v3kD0½mui; mνv ; mHh

; md̃Rk
�

þ g22K
�
i2Vvlλ̃

0�
likλ

0N
v3kD2½mui; mνv ; mW;md̃Rk

�
þ g22Ki3V�

vlλ̃
0
likλ

0N �
v2k D2½mui; mνv ; mW;md̃Rk

�Þ; ðA3Þ

C0W=H�
9;l ¼ −C0W=H�

10;l ¼ −
ffiffiffi
2

p
π2i

2GFηte2
ð−2Z2

Hh2
YN �
lv Y

N
lv0λ

0N
v0i2λ

0N �
vi3 mνvmνv0D0½mνv ; mνv0 ; mHh

;md̃Li
�

− Z2
Hh2

YN
lvY

N �
lv0 λ

0N
v0i2λ

0N �
vi3 D2½mνv ; mνv0 ; mHh

; md̃Li
�

þ g22VvlV�
v0lλ

0N
vi2λ

0N �
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�
þ 2g22VvlV�

v0lλ
0N
v0i2λ

0N �
vi3 mνvmνv0D0½mνv ; mνv0 ; mW;md̃Li

�Þ; ðA4Þ

where the mixing matrix elements are ZH12
¼ − sin β, ZH22

¼ − cos β, with the Goldstone mass mH1
¼ mW and charged

Higgs mass mH2
¼ mH� and YN

lv ¼ ðYνÞjlV�
vðjþ3Þ.

The contributions of 4λ0 box diagrams to the b → slþl− process are given by

C4λ0
9;l ¼ −C4λ0

10;l ¼ −
ffiffiffi
2

p
π2i

2GFηte2
ðλ̃0likλ̃0�lik0λ0Nv3k0λ0N �

v2k D2½mνv ; mui ; md̃Rk
; md̃Rk0

�

þ λ̃0lik0 λ̃
0�
likλ

0I
v3kλ

0I�
v2k0D2½mν̃Iv

; mũLi ; mdk; mdk0 �Þ; ðA5Þ

C04λ0
9;l ¼ −C04λ0

10;l ¼ −
ffiffiffi
2

p
π2i

2GFηte2
ðλ̃0lijλ̃0�lij0λ0Nvj2λ0N �

vj03D2½mνv ; mui ; md̃Lj
; md̃Lj0

�

− λ̃0lj0kλ̃
0k
ljkλ̃

0
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0�
ij03ðD2½mli ; mũLj ; mũLj0 ; mdk � þD2½ml̃Li

; muj ; muj0 ; md̃Rk
�ÞÞ: ðA6Þ
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The contributions of neutralino box diagrams only contain RH-quark-current parts, which are given by
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