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The recent measurements on b → slþl− processes suggest the existence of lepton-flavor-universality
breaking new physics. In this work, we have explored the possibility of explaining these data by sneutrinos
in the R-parity violating minimal supersymmetric standard model. We study the light sneutrinos, of order
1 TeV, and suppose that the rest of the sfermions are much heavier than them. This setup can solve the
b → sμþμ− anomaly well, and it is almost unconstrained by other related processes, such as Bs − B̄s

mixing, as well as B0
s → τþτ−, Bþ → Kþτþτ−, B0

s → τ�μ∓, Bþ → Kþτ�μ∓, and B → Kð�Þνν̄ decays.

DOI: 10.1103/PhysRevD.101.035030

I. INTRODUCTION

The rare semileptonic b-hadron decays induced by the
flavor-changing neutral current (FCNC) transition b →
slþl− do not arise at tree level and are highly suppressed
at higher orders within the Standard Model (SM), due to the
Glashow-Iliopoulos-Maiani (GIM) mechanism [1]. New
TeV-scale particles in many extensions of the SM could
lead to measurable effects in these rare decays. As a
consequence, they play a crucial role in testing the SM
and probing various new physics (NP) scenarios beyond
it [2,3].
In recent years, several deviations from the SMpredictions

have been observed in b → slþl− transition. Consider the
ratios of the branching fractions RKð�Þ ¼ BðB → Kð�Þ

μþμ−Þ=BðB → Kð�Þeþe−Þ, which have negligible theoreti-
cal uncertainties. In the range 1.1 < q2 < 6 GeV2=c4, the
latest experimental data by LHCb collaboration give

R½1.1;6�
K ¼ 0.846þ0.060þ0.016

−0.054−0.014 [4,5], but the SM predicts it to
be close to one [6]. The measurement of RK is 2.5σ smaller
than the SM prediction. The measurements of RK� [7] by

LHCb are R½0.045;1.1�
K� ¼ 0.66þ0.11

−0.07 � 0.03 and R½1.1;6.0�
K� ¼

0.69þ0.11
−0.07 � 0.05, which are lower than the predicted values

of the SM [6] about 2.1σ and 2.5σ, respectively. Belle
collaboration also give the measurements of RKð�Þ [8,9],
which are consistent with the SM predictions due to their
large experimental errors. In addition to the tension with
the SM in lepton-flavor-universality observables RKð�Þ ,

some other deviations have also been found in b →
sμþμ− transition. In particular, the form-factor-independent
angular observable P0

5 [10–12] in the B → K�μþμ− decay
was measured by LHCb [13,14], CMS [15], ATLAS [16]
and Belle [17,18], showing a 2.6σ disagreement with the
SM expectation [19]. Finally, LHCb has also observed a
3.3σ deficit in the B0

s → ϕμþμ− decay [20,21].
Motivated by these deviations and using the other

available data on such rare b → slþl− transitions, many
global analyses have been carried out [19,22–28], finding
that a negative shift in a single Wilson coefficient of
local operator like Oμμ

9 ¼ ðs̄γαPLbÞðμ̄γαμÞ or Oμμ
LL ¼

ðs̄γαPLbÞðμ̄γαPLμÞ leads to a consistent description of
the data, with the corresponding best-fit point can improve
the fit to the data by more than 5σ compared to the SM.
Furthermore, the operator Oμμ

LL performs better than Oμμ
9 ,

mainly because there is now ∼2σ tension in the branching
fraction of Bs → μþμ− [22,29–34], which is not affected by
Oμμ

9 . In this paper, we work with the low-energy effective
weak Lagrangian governing the b → sμþμ− processes:

Leff ¼ LSM
eff þ 4GFffiffiffi

2
p ηt

e2

16π2
Cμμ
LLO

μμ
LL þ H:c:; ð1Þ

where LSM
eff represents contributions from the SM, and the

remaining terms contain possible NP contributions. The
CKM factor ηt ¼ VtbV�

ts ≈ −0.04 [35]. The best-fit point
performed by Ref. [22] is Cμμ

LL ¼ −1.06, with the 2σ range
being −1.38 < Cμμ

LL < −0.74. We find that suchCμμ
LL can be

generated naturally in the R-parity violating minimal
supersymmetric standard model (MSSM) [36] by exchang-
ing muon sneutrinos and winos.
Before we start our discussion, let us briefly review some

of the work on b → sμþμ− anomaly within the context of
R-parity violating MSSM [37–43]. For example, the
authors in Ref. [38] attempt to explain b → sμþμ− anomaly
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via one-loop contributions involving right-handed down
type squarks d̃R, which can help solve RðD�Þ anomaly at
tree level [38,42,44–48]. However, they note that it is
difficult to find a viable explanation due to the severe
constraints from the upper limit on the branching fraction
of B → Kð�Þνν̄ decays. In addition to d̃R, the authors in
Ref. [39] also consider the contribution to b → sμþμ−
transition from the box diagrams with a left-handed up type
squark ũL and sneutrino ν̃L in the loop. They find that this
new contribution could help explain b → sμþμ− anomaly,
while satisfying the constraint from B → Kð�Þνν̄ and D0 →
μþμ− decays as well as Bs − B̄s mixing. In Ref. [40], the
authors focus on parameters for which diagrams involving
winos W̃, which have not been considered before, make
significant effects. They set the masses of W̃ and three ũL to
be light, of order 1 TeV, and at the same time, they consider
heavy ν̃L and d̃R, of order 10 TeV. In this scenario, the
b → sμþμ− anomaly may be explained by large values of
λ0, but the available parameter space is very small due to the
constraints from relevant processes, such as τ → 3μ,
Bs − B̄s mixing and direct LHC searches. The restriction
from B → Kð�Þνν̄ decay is negligible because of the large
mass of d̃R.
There are two kinds of sfermions participating in the W̃

box diagrams, namely ũL and ν̃L. As an alternative, in this
paper, we study the light ν̃L, of order 1 TeV, and suppose that
the rest of sfermions are much heavier (a few 10 TeV or
larger) compared to it. This scenario can well produce the
Cμμ
LL needed to explain b → sμþμ− anomaly, and the corre-

sponding parameter space is not constrained by other related
processes, such as Bs − B̄s mixing, as well as B0

s → τþτ−,
Bþ → Kþτþτ−, B0

s → τ�μ∓, Bþ → Kþτ�μ∓, and B →
Kð�Þνν̄ decays.
Our paper is organized as follows. In Sec. II, we first set

up our scenario and then discuss the explanation of b →
sμþμ− anomaly in the R-parity violating MSSM. The other
potential constraints are studied in Sec. III. Our conclusions
are finally made in Sec. IV.

II. CONTRIBUTIONS TO b → sμ+ μ− PROCESSES
FROM R-PARITY VIOLATING MSSM

The superpotential of the relevant R-parity violating
terms in the MSSM is given by [36]

WRPV ¼ μiLiHu þ
1

2
λijkLiLjEc

k þ λ0ijkLiQjDc
k

þ 1

2
λ00ijkU

c
iD

c
jD

c
k; ð2Þ

where L, Hu, Ec, Q, Dc, and Uc are the chiral superfields
for the MSSM multiplet, and we denote the generation
indices by i, j, k ¼ 1, 2, 3. The summation is applied for the
repeated indices throughout this paper unless otherwise

stated. The first three terms in Eq. (2) destroy the lepton
number and the last term violates the baryon number. We
will assume that λ00 coupling is zero to prevent rapid proton
decay. In this work, we limit ourselves to consider the
λ0ijkLiQjDc

k term as the source of R-parity violating NP,
because of the b → sμþμ− processes involve both leptons
and quarks. The effects of λ and λ0 terms simultaneously on
b → sμþμ− processes have been studied in Refs. [42,43].
Expanding the chiral superfields in terms of their fermions
and sfermions, one has

L ¼ λ0ijkðν̃Lid̄RkdLj þ d̃Ljd̄RkνLi þ d̃�Rkν̄cLidLj

− l̃Lid̄RkuLj − ũLjd̄RklLi − d̃�Rkl̄cLiuLjÞ: ð3Þ
We assume that all sfermions are so heavy (a few 10 TeVor
larger) that they are decoupled,1 except sneutrinos ν̃Li of
order 1 TeV. Under this assumption,2 only the λ0ijkν̃Lid̄RkdLj
term in Eq. (3) can lead to a valuable effect. These
interactions are similar to but different from the generic
terms Ψ̄AðLb

AMPLbþ Ls
AMPLsþ Lμ

AMPLμÞΦM given in
Ref. [49]. In our work the fermions ΨA represent the
SM down type quarks rather than new particles, and the
interactions with charged leptons are provided by R-parity
conserving MSSM. In this paper we focus our attention on
a parameter space where the λ0ij3 couplings are large, i.e.,
keep λ0ij1 ¼ λ0ij2 ¼ 0 all the time. Wewill assume sneutrinos
are in their mass eigenstate basis and nearly degenerate, and
the degenerate mass is denoted as mν̃. We should further
assume that λ0i33λ

0�
i23 ¼ 0, which discards NP contributions

to all related channels without explicit external leptons, as
exploited in the following bsγ-vertex of photonic penguin
and in Sec. III.
The b → sμþμ− processes can occur at one-loop level by

exchanging muon sneutrinos and winos, see Fig. 1(a)
(The box diagram where the two sneutrino lines crossing
is discarded due to λ0ij2 ¼ 0). After integrating out the
sparticles we are left with the effective operator Oμμ

LL, as
well as the corresponding Wilson coefficient given by

Cμμ
LL ¼ −

ffiffiffi
2

p
λ0233λ

0�
223

16GFsin2θWηtm2
ν̃

xν̃fðxν̃Þ; ð4Þ

where the loop function fðxν̃Þ≡ 1−xν̃þlog xν̃
ð1−xν̃Þ2 and xν̃ ≡

m2
ν̃=m

2
W̃
. To explain b → sμþμ− anomaly, we need to take

1That is to say, the Feynman diagram that contains these heavy
sfermions does not have to be considered because their con-
tributions are suppressed by μ2EW=m

2
ψ̃ ∼ 10−4.

2Due to the SUð2ÞL symmetry, the left-handed charged
sleptons may have a mass comparable to that of the sneutrinos
and can affect b → sμþμ− processes by exchanging smuon and
neutralino. The Feynman diagram is similar to the box diagram
where the two scalar lines in Fig. 1(a) crossing and has negligible
effects due to the assumption λ0ij2 ¼ 0, so the discussion in this
work does not include the charged sleptons.
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the product λ0233λ
0�
223 > 0 to make Cμμ

LL negative. Consider
the 2σ range −1.38 < Cμμ

LL < −0.74 [22], we have

−1.74 <
xν̃fðxν̃Þλ0233λ0�223
ðmν̃=TeVÞ2

< −0.93: ð5Þ

The corresponding parameter space is shown in Fig. 2.
There is also a contribution from the photonic penguin,

which is shown in Fig. 1b. In fact, this contribution is lepton
flavor universal because of the SM photon. Using FeynCalc

[50,51] and Package-X [52,53] packages, we can obtain the
effective operators Oll

9 and O7 ¼ mb
e ðs̄σαβPRbÞFαβ after

integrating out sneutrinos, and the corresponding Wilson
coefficients given by

Cll
9 ¼ −

ffiffiffi
2

p
λ0i33λ

0�
i23

36GFηtm2
ν̃

�
4

3
þ log

�
m2

b

m2
ν̃

��
; ð6Þ

C7 ¼
ffiffiffi
2

p
λ0i33λ

0�
i23

144GFηtm2
ν̃

: ð7Þ

Our results are consistent with those in Ref. [54].
Comparing with Ref. [40], we find that the result of C7

is consistent, but the result of Cll
9 is different by a negative

sign. All in all, we should remove the effect of photonic

penguin by assuming λ0i33λ
0�
i23 ¼ 0 in order to take advan-

tage of only nonzero Cμμ
LL scenario, which has the largest

pull-value in single Wilson coefficient global analyses [22].
Similarly, there is no contribution of Z-penguin under the
assumption λ0i33λ

0�
i23 ¼ 0.

III. OTHER POSSIBLE CONSTRAINTS

In our scenario, several other processes may also obtain
the effects of R-parity violating interactions, and the
corresponding constraints should be taken into account.
Next, we mainly study the constraints on λ0i23 and λ0i33
couplings, which play the key role in solving b → sμþμ−
anomaly.

A. Tree level decays

Exchanging sneutrinos and performing Fierz rearrange-
ment, one obtains the following four fermion operators at
tree level

Ltree
eff ¼ λ0ij3λ

0�
ij03

m2
ν̃

ðb̄RdjÞðd̄j0bRÞ: ð8Þ

There is no valid constraint here. In addition, assuming
λ0i33λ

0�
i23 ¼ 0 can prevent the occurrence of dangerous

ϒ − Bs mixing.

B. Loop level decays

The potential constraint may come from Bs − B̄s mixing,
which is induced by one loop diagrams. In our scenario,
this constraint vanishes due to the assumption λ0i33λ

0�
i23 ¼ 0.

In fact, in addition to the muon channel, the nonzero λ0i23
and λ0i33 couplings can also induce b → slþ

i l
−
j processes

by exchanging sneutrinos and winos, as shown in Fig. 1(a).
The corresponding Wilson coefficients Cij

LL can be
obtained by replacing λ0233λ

0�
223 with λ0i33λ

0�
j23 in Eq. (4).

In order for the NP to have no effect on b → seþe−
processes we should keep Cee

LL ¼ λ0133λ
0�
123 ≈ 0, which

means λ0133 ≈ 0 or λ0�123 ≈ 0. Combining λ0i33λ
0�
i23 ¼ 0, we

predict the same size of Cμμ
LL and Cττ

LL ∝ λ0333λ
0�
323, with

similar result in the PS3 model [55]. Such Cττ
LL satisfies the

upper limit of BðBþ → Kþτþτ−Þ < 2.25 × 10−3 [56] mea-
sured by BABAR at 90% confidence level (CL) and BðB0

s →
τþτ−Þ < 6.8 × 10−3 [57] measured by LHCb at 95% CL.
The remaining potential constraints come from several

lepton-flavor-violation decays B0
s → τ�μ∓ and Bþ →

Kþτ�μ∓. Those decays governed by the low-energy
effective weak Lagrangian

L
b→slþi l

−
j

eff ¼ −
α

16πsin2θW

λ0i33λ
0�
j23

m2
ν̃

xν̃fðxν̃ÞOij
LL þ H:c:; ð9Þ

with i ≠ j. The branching fractions of leptonic B0
s → τ�μ∓

decays given by [58]

(a) (b)

FIG. 1. Feynman diagrams for b → sμþμ− transition in our
scenario.
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FIG. 2. The figure showing the parameter space inmν̃ − λ0233λ
0�
223

plane explaining b → sμþμ− anomaly. We set mW̃ ¼ 0.3 TeV.
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BðB0
s → τþμ−Þ ¼ α2τBs

f2Bs
λτμx2ν̃f

2ðxν̃Þ
1282π3m3

Bs
sin4θW

jλ0333λ0�223j2
m4

ν̃

; ð10Þ

BðB0
s → μþτ−Þ ¼ α2τBs

f2Bs
λτμx2ν̃f

2ðxν̃Þ
1282π3m3

Bs
sin4θW

jλ0233λ0�323j2
m4

ν̃

; ð11Þ

where

λτμ ≡ ½m2
Bs
ðm2

τ þm2
μÞ − ðm2

τ −m2
μÞ2�

×
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

Bs
−m2

τ −m2
μÞ2 − 4m2

τm2
μ

q
: ð12Þ

In our numerical analysis,we take as input the decay constant
fBs

¼ 0.2272ð34Þ GeV, the lifetime τBs
¼ 1.510ð4Þ ps, as

well as the mass mBs
¼ 5.367 GeV, mτ ¼ 1.777 GeV and

mμ ¼ 0.1057 GeV [35]. Lately, the upper limit on these
branching fractions are measured by LHCb collaboration.
At 95% CL one has [59]

BðB0
s → τ�μ�Þexp < 4.2 × 10−5: ð13Þ

This induces the constraints

jxν̃fðxν̃Þλ0333λ0�223ðλ0233λ0�323Þj
ðmν̃=TeVÞ2

< 108.15: ð14Þ

For semileptonic Bþ → Kþτ�μ∓ decays, we can obtain

jxν̃fðxν̃Þλ0333λ0�223j
ðmν̃=TeVÞ2

< 92.24; ð15Þ

jxν̃fðxν̃Þλ0233λ0�323j
ðmν̃=TeVÞ2

< 117.53; ð16Þ

by directly using the upper bound results of the Wilson
coefficients given in Ref. [60]. The Eq. (15) has a stronger
constraint than Eq. (14) but Eq. (16) has a weaker constraint
than it. Obviously, under these constraints the Eq. (5) and
relation λ0233λ

0�
223 ≈ −λ0333λ0�323 (for keeping λ0i33λ0�i23 ¼ 0) are

easy to implement.
Finally, we discuss the influence of sneutrinos on b →

sν̄iνj processes, which can obtain the R-parity violating
contributions by exchanging sneutrinos and neutralinos in
the loop. This NP contribution can lead to the same
effective operator as the SM. The effective Lagrangian
for these processes are defined by

Leff ¼ ðCSM
LL δij þ C

ν̄iνj
LL Þðs̄γαPLbÞðν̄jγαPLνiÞ þ H:c:; ð17Þ

where [61]

CSM
LL ¼ −

ffiffiffi
2

p
GFαηtXt

πsin2θW
; Xt ¼ 1.469� 0.017; ð18Þ

is generated by the SM. The contributions of R-parity
violating interactions are given by

C
ν̄iνj
LL ¼ −

α

32π

λ0i33λ
0�
j23

m2
ν̃

�
xν̃fðxν̃Þ
sin2 θW

þ yν̃fðyν̃Þ
cos2 θW

�
; ð19Þ

where yν̃ ≡m2
ν̃=m

2
B̃
,mB̃ is the binomass. It is useful to define

the ratio RB→Kð�Þνν ≡ BðB → Kð�ÞννÞ=BðB → Kð�ÞννÞSM,
and it is given by

RB→Kð�Þνν ¼
P

3
i¼1 jCSM

LL þ Cν̄iνi
LL j2 þ

P
3
i≠j jCν̄iνj

LL j2
3jCSM

LL j2

¼ 1þ 2jCν̄2ν2
LL j2 þ jCν̄2ν3

LL j2 þ jCν̄3ν2
LL j2

3jCSM
LL j2

: ð20Þ

Because of λ0233λ
0�
223 ≈ −λ0333λ0�323, the interference term

between the NP and the SM disappears. Let mB̃ ¼ mW̃ we
have

RB→Kð�Þνν ¼ 1þ 5.9 × 10−4
x2ν̃f

2ðxν̃Þ
ðmν̃=TeVÞ4

× ð2jλ0233λ0�223j2 þ jλ0233λ0�323j2 þ jλ0333λ0�223j2Þ:
ð21Þ

When the parameters fall into the interval given in Eq. (5),
the Eq. (21) satisfies the constraint from upper bounds
RB→Kνν < 3.9 and RB→K�νν < 2.7 [62], which are measured
by Belle at 90% CL.

IV. CONCLUSIONS

Recently, several deviations from the SM predictions in
b → slþl− data suggest the existence of NP which breaks
the lepton-flavor universality. Many global analyses show
that a negative shift in Wilson coefficient Cμμ

LL can explain
these data well, and the corresponding best-fit point can
improve the fit to the data by more than 5σ compared to the
SM. This suggests that the NP primarily affects the b →
sμþμ− processes. Based on these knowledge, in this work
we have explored the possibility of explaining b → sμþμ−
anomaly by sneutrinos in the R-parity violating MSSM.
After a brief introduction to the relevant terms in the

superpotential of R-parity violating MSSM, we present our
scenario, that is, we consider the light ν̃L of order 1 TeVand
the other sfermions are so heavy (a few 10 TeV or larger)
that they are decoupled. We find that a positive product
λ0233λ

0�
223 can explain b → sμþμ− anomaly, and the param-

eter space satisfied by λ0233λ
0�
223 and mν̃ is shown in Fig. 2.

After that, we consider the other possible constraints,
including tree level and one-loop level decays. Assuming
λ0i33λ

0�
i23 ¼ 0 can inhibit the contributionofR-parity violating

NP to Bs − B̄s mixing and the photonic penguin of b →
slþl− processes, and prevents the emergence of dangerous
ϒ − Bs mixing. We predict Cττ

LL ≈ −Cμμ
LL which satisfies the

upper limit of the branching fractions of Bþ → Kþτþτ− and
B0
s → τþτ− decays. Furthermore, we discuss the potential

QUAN-YI HU and LIN-LIN HUANG PHYS. REV. D 101, 035030 (2020)

035030-4



constraints from B0
s → τ�μ∓, Bþ → Kþτ�μ∓ and B →

Kð�Þνν̄ decays, and find that the experimental upper limit
of these processes do not effectively exclude the parameter
space needed to explain b → sμþμ− anomaly.

ACKNOWLEDGMENTS

The authors thank Min-Di Zheng for useful communi-
cations. This work is supported by the National Natural
Science Foundation of China under Grant No. 11947083.

[1] S. L. Glashow, J. Iliopoulos, and L. Maiani, Weak inter-
actions with lepton-hadron symmetry, Phys. Rev. D 2, 1285
(1970).

[2] T. Hurth and M. Nakao, Radiative and electroweak penguin
decays of B mesons, Annu. Rev. Nucl. Part. Sci. 60, 645
(2010).

[3] T. Blake, G. Lanfranchi, and D. M. Straub, Rare B decays as
tests of the standard model, Prog. Part. Nucl. Phys. 92, 50
(2017).

[4] LHCb Collaboration, Search for Lepton-Universality Viola-
tion inBþ → Kþlþl− Decays, Phys. Rev. Lett. 122, 191801
(2019).

[5] LHCbCollaboration,Test ofLeptonUniversalityUsingBþ →
Kþlþl− Decays, Phys. Rev. Lett. 113, 151601 (2014).

[6] M. Bordone, G. Isidori, and A. Pattori, On the Standard
Model predictions for RK and RK� , Eur. Phys. J. C 76, 440
(2016).

[7] LHCb Collaboration, Test of lepton universality with B0 →
K�0lþl− decays, J. High Energy Phys. 08 (2017) 055.

[8] Belle Collaboration, Test of lepton flavor universality in
B → Klþl− decays, arXiv:1908.01848.

[9] Belle Collaboration, Test of lepton flavor universality in
B → K�lþl− decays at Belle, arXiv:1904.02440.

[10] S. Descotes-Genon, J. Matias, M. Ramon, and J. Virto,
Implications from clean observables for the binned analysis
of B → K�μþμ− at large recoil, J. High Energy Phys. 01
(2013) 048.

[11] S. Descotes-Genon, T. Hurth, J. Matias, and J. Virto,
Optimizing the basis of B → K�ll observables in the full
kinematic range, J. High Energy Phys. 05 (2013) 137.

[12] Q.-Y. Hu, X.-Q. Li, and Y.-D. Yang, B0 → K�0μþμ− decay
in the aligned two-Higgs-doublet model, Eur. Phys. J. C 77,
190 (2017).

[13] LHCb Collaboration, Angular analysis of the B0 →
K�0μþμ− decay using 3 fb−1 of integrated luminosity, J.
High Energy Phys. 02 (2016) 104.

[14] LHCb Collaboration, Measurement of Form-Factor-Inde-
pendent Observables in the Decay B0 → K�0μþμ−, Phys.
Rev. Lett. 111, 191801 (2013).

[15] CMS Collaboration, Angular analysis of the decay B0 →
K�0μþμ− from pp collisions at

ffiffiffi
s

p ¼ 8 TeV, Phys. Lett. B
753, 424 (2016).

[16] ATLAS Collaboration, Angular analysis of B0
d → K�μþμ−

decays in pp collisions at
ffiffiffi
s

p ¼ 8 TeV with the ATLAS
detector, J. High Energy Phys. 10 (2018) 047.

[17] Belle Collaboration, Lepton-Flavor-Dependent Angular
Analysis of B → K�lþl−, Phys. Rev. Lett. 118, 111801
(2017).

[18] Belle Collaboration, Angular analysis of B0 → K�ð892Þ0
lþl−, arXiv:1604.04042.

[19] M. Algueró, B. Capdevila, A. Crivellin, S. Descotes-Genon,
P. Masjuan, J. Matias, and J. Virto, Emerging patterns of
New Physics with and without Lepton Flavour Universal
contributions, Eur. Phys. J. C 79, 714 (2019).

[20] LHCb Collaboration, Angular analysis and differential
branching fraction of the decay B0

s → ϕμþμ−, J. High
Energy Phys. 09 (2015) 179.

[21] LHCb Collaboration, Differential branching fraction and
angular analysis of the decay B0

s → ϕμþμ−, J. High Energy
Phys. 07 (2013) 084.

[22] J. Aebischer, W. Altmannshofer, D. Guadagnoli, M. Reboud,
P. Stangl, and D.M. Straub, B-decay discrepancies after
Moriond 2019, arXiv:1903.10434.

[23] A. K. Alok, A. Dighe, S. Gangal, and D. Kumar, Continuing
search for new physics in b → sμμ decays: Two operators at
a time, J. High Energy Phys. 06 (2019) 089.

[24] M. Ciuchini, A. M. Coutinho, M. Fedele, E. Franco, A. Paul,
L. Silvestrini, and M. Valli, New physics in b → slþl−

confronts new data on lepton universality, Eur. Phys. J. C 79,
719 (2019).

[25] A. Arbey, T. Hurth, F. Mahmoudi, D. M. Santos, and S.
Neshatpour, Update on the b → s anomalies, Phys. Rev. D
100, 015045 (2019).

[26] K. Kowalska, D. Kumar, and E. M. Sessolo, Implications for
new physics in b → sμμ transitions after recent measure-
ments by Belle and LHCb, Eur. Phys. J. C 79, 840 (2019).

[27] B. Capdevila, U. Laa, and G. Valencia, Fitting in or odd one
out? Pulls vs residual responses in b → slþl−, arXiv:1908
.03338.

[28] S. Bhattacharya, A. Biswas, S. Nandi, and S. K. Patra,
Exhaustive model selection in b → sll decays: Pitting
cross-validation against AICc, arXiv:1908.04835.

[29] LHCb Collaboration, Measurement of the B0
s → μþμ−

Branching Fraction and Search for B0 → μþμ− Decays at
the LHCb Experiment, Phys. Rev. Lett. 111, 101805
(2013).

[30] CMS Collaboration, Measurement of the B0
s → μþμ−

Branching Fraction and Search for B0 → μþμ− with the
CMS Experiment, Phys. Rev. Lett. 111, 101804 (2013).

[31] CMS, LHCb Collaborations, Observation of the rare B0
s →

μþμ− decay from the combined analysis of CMS and LHCb
data, Nature (London) 522, 68 (2015).

[32] ATLAS Collaboration, Study of the rare decays of B0
s

and B0 into muon pairs from data collected during the
LHC Run 1 with the ATLAS detector, Eur. Phys. J. C 76,
513 (2016).

EXPLAINING B → Slþl− DATA BY … PHYS. REV. D 101, 035030 (2020)

035030-5

https://doi.org/10.1103/PhysRevD.2.1285
https://doi.org/10.1103/PhysRevD.2.1285
https://doi.org/10.1146/annurev.nucl.012809.104424
https://doi.org/10.1146/annurev.nucl.012809.104424
https://doi.org/10.1016/j.ppnp.2016.10.001
https://doi.org/10.1016/j.ppnp.2016.10.001
https://doi.org/10.1103/PhysRevLett.122.191801
https://doi.org/10.1103/PhysRevLett.122.191801
https://doi.org/10.1103/PhysRevLett.113.151601
https://doi.org/10.1140/epjc/s10052-016-4274-7
https://doi.org/10.1140/epjc/s10052-016-4274-7
https://doi.org/10.1007/JHEP08(2017)055
https://arXiv.org/abs/1908.01848
https://arXiv.org/abs/1904.02440
https://doi.org/10.1007/JHEP01(2013)048
https://doi.org/10.1007/JHEP01(2013)048
https://doi.org/10.1007/JHEP05(2013)137
https://doi.org/10.1140/epjc/s10052-017-4748-2
https://doi.org/10.1140/epjc/s10052-017-4748-2
https://doi.org/10.1007/JHEP02(2016)104
https://doi.org/10.1007/JHEP02(2016)104
https://doi.org/10.1103/PhysRevLett.111.191801
https://doi.org/10.1103/PhysRevLett.111.191801
https://doi.org/10.1016/j.physletb.2015.12.020
https://doi.org/10.1016/j.physletb.2015.12.020
https://doi.org/10.1007/JHEP10(2018)047
https://doi.org/10.1103/PhysRevLett.118.111801
https://doi.org/10.1103/PhysRevLett.118.111801
https://arXiv.org/abs/1604.04042
https://doi.org/10.1140/epjc/s10052-019-7216-3
https://doi.org/10.1007/JHEP09(2015)179
https://doi.org/10.1007/JHEP09(2015)179
https://doi.org/10.1007/JHEP07(2013)084
https://doi.org/10.1007/JHEP07(2013)084
https://arXiv.org/abs/1903.10434
https://doi.org/10.1007/JHEP06(2019)089
https://doi.org/10.1140/epjc/s10052-019-7210-9
https://doi.org/10.1140/epjc/s10052-019-7210-9
https://doi.org/10.1103/PhysRevD.100.015045
https://doi.org/10.1103/PhysRevD.100.015045
https://doi.org/10.1140/epjc/s10052-019-7330-2
https://arXiv.org/abs/1908.03338
https://arXiv.org/abs/1908.03338
https://arXiv.org/abs/1908.04835
https://doi.org/10.1103/PhysRevLett.111.101805
https://doi.org/10.1103/PhysRevLett.111.101805
https://doi.org/10.1103/PhysRevLett.111.101804
https://doi.org/10.1038/nature14474
https://doi.org/10.1140/epjc/s10052-016-4338-8
https://doi.org/10.1140/epjc/s10052-016-4338-8


[33] LHCb Collaboration, Measurement of the B0
s → μþμ−

Branching Fraction and Effective Lifetime and Search for
B0 → μþμ− Decays, Phys. Rev. Lett. 118, 191801 (2017).

[34] ATLAS Collaboration, Study of the rare decays of B0
s and

B0 mesons into muon pairs using data collected during 2015
and 2016 with the ATLAS detector, J. High Energy Phys. 04
(2019) 098.

[35] Particle Data Group Collaboration, Review of particle
physics, Phys. Rev. D 98, 030001 (2018).

[36] R. Barbier et al., R-parity violating supersymmetry, Phys.
Rep. 420, 1 (2005).

[37] S. Biswas, D. Chowdhury, S. Han, and S. J. Lee, Explaining
the lepton non-universality at the LHCb and CMS within a
unified framework, J. High Energy Phys. 02 (2015) 142.

[38] N. G. Deshpande and X.-G. He, Consequences of R-parity
violating interactions for anomalies in B̄ → Dð�Þτν̄ and
b → sμþμ−, Eur. Phys. J. C 77, 134 (2017).

[39] D. Das, C. Hati, G. Kumar, and N. Mahajan, Scrutinizing
R-parity violating interactions in light of RKð�Þ data, Phys.
Rev. D 96, 095033 (2017).
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