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The measurement of lepton universality parameters RKð�Þ was updated by LHCb in December 2022,
which indicated that the well-known anomalies in flavor-changing neutral current (FCNC) processes of B
meson decays have faded away. However, does this mean that all new physics possibilities related to
b → slþl− have been excluded? We aim to answer this question in this work. The state-of-the-art effective
Hamiltonian is adopted to describe b → s transition, while BSM (beyond the Standard Model) new physics
effects are encoded in Wilson coefficients (WCs). Using around 200 observables in leptonic and
semileptonic decays of B mesons and bottom baryons, measured by LHCb, CMS, ATLAS, Belle, and
BABAR, we perform global fits of these Wilson coefficients in four different scenarios. In particular, lepton
flavors in WCs are specified in some of the working scenarios. To see the change of new physics
parameters, we use both the data before and after the 2022 release of RKð�Þ in two separate sets of fits. We
find that in three of the four scenarios, ΔCμ

9 still has a deviation around or more than 4σ from the Standard
Model. The lepton flavor in WCs is distinguishable for ΔC9 at the 1σ level, but at the 2σ level all the
operators are flavor identical. We demonstrate numerically that there is no chirality for muon type of scalar
operator and it is kept at the 1σ level for their electron type dual ones, while chiral difference exists forOμ

9 at

least at the 2σ level. Moreover, it can be deduced that the scalar operators Oð0Þμ
S;P become null if new physics

emerges in terms of Standard Model effective field theory (SMEFT) up to dimension-6.

DOI: 10.1103/PhysRevD.108.095038

I. INTRODUCTION

The quest for new physics in FCNC process b → slþl−

has lasted for more than one decade. It was expected that in
B → K�μþμ− new physics effect would emerge by meas-
uring the forward-backward asymmetry (AFB), and the
early measurements carried out by Belle [1], BABAR [2] and
CDF [3] indeed seemed to prefer the new physics with a
flipped C7. In 2011, however, a SM-like behavior of AFB
was confirmed by LHCb even with its 309 pb−1 data [4].
Later on, more observables, including branching fractions,
angular distributions and lepton universality parameters,
were measured more and more precisely and deviations
from SM predictions in particular bins were found by
Belle [5–7], LHCb [8–16], ATLAS [17] and CMS [18,19].
The nonuniversality of lepton flavor, characterized by

RKð�Þ ≡ BðB → Kð�Þμþμ−Þ=BðB → Kð�Þeþe−Þ, is among
one of the anomalies appearing in semileptonic B meson

decays. The 2.6σ deviation of RK in charged Bmeson decay
was firstly reported in 2014 [8] and updated in 2019 [9] by
LHCb. It was found by Belle in 2019 that a similar 2.6σ
standard deviation also occurred at q2 ∈ ð1.0; 6.0Þ GeV2=c4

[6]. Later in 2021, with Run I and Run II dataset LHCb
reported RK ¼ 0.846þ0.042

−0.039ðstatÞþ0.013
−0.012ðsysÞ as well as

RKS
¼ 0.66þ0.20

−0.14ðstatÞþ0.02
−0.04ðsysÞ at the level of 3.1σ and

1.5σ, respectively. As for B → Vlþl− sector, in 2017
LHCb found 2.1–2.3σ and 2.4–2.5σ deviations for low-
q2 bins and central-q2 bins in neutral B decay B0 →
K�0lþl− [12]. Later in 2021, in charged B decay Bþ →
K�þlþl− LHCb reported its measurement as RK�þ ¼
0.70þ0.18

−0.13ðstatÞþ0.03
−0.04ðsysÞ, which only deviated by 1.4σ [11].

And a SM consistent results was also obtained by Belle in
2019 [5]. At the end of 2022, LHCb reported its updated
measurement of RKð�Þ at both low-q2 and central-q2 region
by correcting previous underestimations on electron mode
contribution [20], giving

low-q2
(
RK ¼ 0.994þ0.090

−0.082ðstatÞþ0.029
−0.027ðsystÞ

RK� ¼ 0.927þ0.093
−0.087ðstatÞþ0.036

−0.035ðsystÞ;

central-q2
(
RK ¼ 0.949þ0.042

−0.041ðstatÞþ0.022
−0.022ðsystÞ

RK� ¼ 1.027þ0.072
−0.068ðstatÞþ0.027

−0.026ðsystÞ:
ð1Þ

*fanrongxu@jnu.edu.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP3.

PHYSICAL REVIEW D 108, 095038 (2023)

2470-0010=2023=108(9)=095038(25) 095038-1 Published by the American Physical Society

https://orcid.org/0000-0001-5544-7123
https://orcid.org/0000-0003-0986-8028
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevD.108.095038&domain=pdf&date_stamp=2023-11-22
https://doi.org/10.1103/PhysRevD.108.095038
https://doi.org/10.1103/PhysRevD.108.095038
https://doi.org/10.1103/PhysRevD.108.095038
https://doi.org/10.1103/PhysRevD.108.095038
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


The overall 0.2σ deviation, compatible with SM, indicates
that the expected new physics in form of lepton flavor
nonuniversality has faded away. Regarding to the existence
of several deviations in branching fractions and angular
distribution, the remaining new physics opportunities in
the b → slþl− window are naturally of great interest.
Therefore, it is timely to carry out updated global fits in
combination with all the related data to help to understand
current status.
So far there have been rich data on leptonic decay Bs;d →

lþl− and semileptonic decay B → Klþl−, B → K�lþl−,
B → Xslþl−, Λb → Λlþl−. We collect all available
observables of them as parts of inputs in fitting analysis.
As for theoretical description, we adopt the state-of-the-art
effective Hamiltonian, in which high energy particles are
integrated out and absorbed in Wilson coefficients (WCs).
In SM, there are only four effective operators contributed in
the b → slþl− effective Hamiltonian. New physics effects
are brought in either by extra operators (the dual operators
as well as scalar operators, see Sec. II) or modifications of
WCs. At hadron energy scale, we rely on QCDF approach
to deal with B meson semileptonic decays [21,22]. To
extend our exploration in model-independent analysis, the
global fits of four different cases with particular operator
combinations are performed based on Bayesian statistics,
taking into account both theoretical and experimental
errors. Especially, the fit based on 20-DWCs by specifying
lepton flavors as one of the working scenarios is provided.
We make the fits both before and after the 2022 RKð�Þ

release, and make comparisons with some of the similar
model-independent analyses done by other groups [23–29].
Although WCs slightly differ from each other in our four
scenarios, we find commonly for ΔCμ

9 the around 4σ
deviation from SM still exists after the 2022 RKð�Þ release,
which indicates that the new physics opportunity cannot be
excluded. Meanwhile, we find that, at 1σ level, ΔCμ

10 is
indistinguishable from ΔCe

10 but ΔCμ
9;S;P differ from

ΔCe
9;S;P. The WCs ΔCμ

S;P are strictly chirality independent,

while the equivalence between ΔCe
S;P and ΔC0e

S;P is obeyed
at 1σ level. It can be demonstrated numerically that ΔC9;10

violate this chirality identity at least at 2σ level. By
combining the data, we also find that scalar operators
become null if the new physics is described within the
framework of SMEFT.
The remaining parts of the paper are organized as

follows. In Sec. II, we provide the whole working frame
of the analysis, including theoretical framework of effective
Hamiltonian approach and the adopted four different
working scenarios (denoted as the muon-specific scenario,
lepton-universal scenario, lepton-specific scenario and the
full scenario), the related observables in all the involved
decay processes as well as the fitting schemes. Then
numerical analysis is given in Sec. III, with inputs sum-
marized in III A, results presented in III B and discussions
carried on in III C. We conclude the paper in Sec. IV. More
details on theoretical formulas and experimental inputs can
be referred to Appendix A and B, respectively.

II. THE WORKING FRAME

A. Theoretical framework

The state-of-the-art effective Hamiltonian is adopted to
describe b → s transition, in which high energy informa-
tion is contained in Wilson coefficients while remaining
low energy part resorted to effective operators and their
corresponding matrix elements. The Wilson coefficients
can be obtained at electroweak scale by integrating out
heavy particles and running into B meson scale with RGE,
leading to the effective Hamiltonian

H ¼ −
4GFffiffiffi

2
p VtbV�

ts
e2

16π2
X
i

ðCiOi þ C0
iO

0
iÞ þ H:c:; ð2Þ

in which the effective operators are defined as

O7 ¼
mb

e
ðs̄σμνPRbÞFμν; O0

7 ¼
mb

e
ðs̄σμνPLbÞFμν;

O8 ¼
gsmb

e2
ðs̄σμνTaPRbÞGμν

a ; O0
8 ¼

gsmb

e2
ðs̄σμνTaPLbÞGμν

a ;

O9 ¼ ðs̄γμPLbÞðl̄γμlÞ; O0
9 ¼ ðs̄γμPRbÞðl̄γμlÞ;

O10 ¼ ðs̄γμPLbÞðl̄γμγ5lÞ; O0
10 ¼ ðs̄γμPRbÞðl̄γμγ5lÞ;

OS ¼ mbðs̄PRbÞðl̄lÞ; O0
S ¼ mbðs̄PLbÞðl̄lÞ;

OP ¼ mbðs̄PRbÞðl̄γ5lÞ; O0
P ¼ mbðs̄PLbÞðl̄γ5lÞ;

with strength tensor of electromagnetic field Fμν and gluon field Gμν, respectively. The new physics effects manifest either
in forms of new types of operators and WCs. In SM, only operators O7;8;9;10 turn up while the appearance of their chiral-

flipped dual operators with a prime as well as scalar operatorsOð0Þ
S;P implicate an existence of new physics (NP). As for WCs,
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they have been calculated precisely in SM and can be found
in [30–33], of which any deviations from their SM results
are indications of NP. Especially, NP being embodied in
WCs1 can be denoted as

Cð0Þl
i;NP ≡ ΔCð0Þl

i ¼ Cð0Þl
i − Cð0Þl

i;SM; ð3Þ

in which lepton flavors (l ¼ e, μ) will be specified in part
of following numerical analysis. Although we aim to
perform a model-independent analysis, the true NP model
is unknown. Thus in following practical analysis, to explore
various NP possibilities we discuss different combinations
of NP operators as follows.

(I) The muon-specific scenario.
In this case, we set ΔCð0Þμ

9;10;S;P and ΔCð0Þ
7;8 as free

parameters by setting ΔCð0Þe
9;10;S;P ¼ 0.

(II) The lepton-universal scenario.
With ΔCð0Þμ

9;10;S;P ¼ ΔCð0Þe
9;10;S;P, the degree of free-

doms are ΔCð0Þμ
9;10;S;P and ΔCð0Þ

7;8.
(III) The lepton-specific scenario.

Here the radiative operators and gluon dipole
operators vanish ðΔCð0Þ

7 ¼ 0;ΔCð0Þ
8 ¼ 0Þ, while the

remaining operators ΔCð0Þμ;e
9;10;S;P are unconstrained.

(IV) The full scenario.
In this case, all the parameters ΔCð0Þ

7;8;ΔC
ð0Þμ;e
9;10;S;P

are left unrestricted.
The following numerical analysis on the WCs will

provide the latest model-independent information. And
by making use of the obtained WCs in b → s FCNC
processes, we will discuss some related NP models in a
separated paper.

B. Observables in decay processes

We summarize theoretically and experimentally all
available decay processes related to b → slþl− in this
part. As for the choice of experimental data of observables,
the adopted data from different collaborations (LHCb,
CMS, ATLAS, Belle) will be divided into two datasets.
Dataset A contains 201 observables before RKð�Þ 2022
LHCb release, while dataset B, containing 203 observables,
is obtained by replacing LHCb earlier RKð�Þ results by the
2022 updated one [20].

(I) Bs;d → μþμ−
The branching fraction of leptonic decay Bs;d →

μþμ− [30,35] is given as

BðBs;d → μþμ−Þ ¼ τBs;d
f2Bs;d

mBs;d

α2eG2
F

16π3
jVtbV�

tsðdÞj2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

μ

m2
Bs;d

s �
jSj2
�
1 − 4m2

μ

m2
Bs;d

�
þ jPj2

�
ð4Þ

with

S ¼ mBs;d

2
ðCμ

S − Cμ0
S Þ;

P ¼ mBs;d

2
ðCμ

P − Cμ0
P Þ þmμðCμ

10 − Cμ0
10Þ; ð5Þ

in which the SM situation is contained as an extreme

example by setting S → 0 and Cð0Þ
P → 0 in P. Here the

muon flavor in WC has been neglected. For Bs → μþμ−,
we take into account both the latest LHCb [36] and
CMS [37] measured value. So far the branching fraction of

Bd → μþμ− has not been measured, we adopt fitting results
from different group.
(II) B → Vlþl−

Decay modes Bþ;0 → K�þ;0μþμ− are both clas-
sified into B → Vll. There are several kinds of
observables, including lepton-universality ratio
(LUR) RKð�Þ , branching ratios (BR) [5,11,12,20],
angular distribution observables (ADO) P1;2;3,
P0
4;5;6;8, forward-backward asymmetry AFB and

longitude polarization FL [5,7,11,14–18,18,19].
The detailed expressions for the observables are
given explicitly as

dΓl

dq2
¼ 3

4

h
2Jl1;s

�
Cð0Þl
7;8;9;10

�
þ Jl1;c

�
Cð0Þl
7;8;9;10;S;P

�i
−
1

4

h
2Jl2;s

�
Cð0Þl
7;8;9;10

�
þ Jl2;c

�
Cð0Þl
7;8;9;10

�i
;

P1 ≡ J3
2J2;s

; P2 ≡ −J6;s
8J2;s

; P3 ≡ J9
4J2;s

; P0
4 ≡ −J4

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−J2;sJ2∶c

p ; P0
5 ≡ J5

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−J2;sJ2;c

p ;

1Here we focus on the discussion of CP-conserving NP effects, so these WCs are assumed to be real. The discussion of complexWCs
can be referred to [24,34]. C0

7 has a little SM contributions proportional to ms=mbC7.
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P0
6 ≡ −J7

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−J2;sJ2;c

p ; P0
8 ≡ J8

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−J2;sJ2;c

p ;

Q4 ≡ P0μ
4 − P0e

4 ; Q5 ≡ P0μ
5 − P0e

5 ; AFB ≡ 3

8
ð2S6;s þ S6;cÞ; FL ≡ −S2;c; ð6Þ

among which Cð0Þ
S;P only involved in Γl, P0

5, and AFB. The
definitions of Ji and Si can be referred to Appendix (A 2).
As for B0 → K�0eþe− mode, 4 angular observables mea-
sured by LHCb [38] are also included in this analysis.
(III) B → Plþl−

Two modes Bþ;0 → Kþ;0μþμ− have been mea-
sured in this class involving pseudoscalar meson
final states, offering LUR [6,9–11,20] and BR
[6,9,11,13] as observables. Branching fractions
can be calculated as

dΓl

dq2
¼ jVtbV�

tsj2
G2

Fα
2
eM3

B

256π5
λξ2P

�
Ila
�
q2;Cð0Þ

7;8;9;10;S;P

�

þ 1

3
Ilc
�
q2;Cð0Þ

7;8;9;10

��
; ð7Þ

and more details can be found in Appendix (A 3).
(IV) Bs → ϕμþμ−

Theoretical formula for branching fraction are
similar to B → Vlþl− Eq. (6), up to form factors
(FFs) and spectator effects. LHCb measurement of
BR and FL [39,40] are taken as experimental inputs
in the numerical calculations.

(V) B → Xslþl−

The inclusive process provides complementary
information to those exclusive modes. Here we
follow the conventions in [41–43] and the differ-
ential branching fraction2 can be written as,

dBðB → Xslþl−Þ
dŝ

¼ BðB → Xclν̄Þα2e
4π2fðzÞκðzÞ

jVtbV�
tsj2

jVcbj2
ð1 − ŝÞ2

×

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m̂l

ŝ

r
Ñ
�
ŝ; m̂l;C

ð0Þ
7;8;9;S;P

�
; ð8Þ

where the definitions of fðzÞ and κðzÞ can be found
in [43]. The latest theoretical formulas incorporating
high-order corrections can be found in [44,45]. As a
part of inputs, the experimental data is taken from
BABAR 2014 measurement [46].

(VI) Radiative decays: B → Xsγ, B → K0γ, Bþ → K�þγ,
B → ϕγ

This class of decays, related to b → sγ, give
stringent constraint on penguin box diagram and

hence ΔCð0Þ
7 . For the inclusive radiative decay

B → Xsγ, we follow [41,47,48] by using matrices

Kð1;2Þ
ij from flavio [49] related to PðE0Þ as well as

formula C from [50],

BðB̄ → XsγÞ ¼ BðB̄ → Xceν̄Þexp
				V�

tsVtb

Vcb

				2
×
6αe
πC

½PðE0;C7;8Þ þ NðE0;C7;8Þ
þ ϵEMðC7;8Þ�; ð9Þ

where the NðE0;C7;8Þ represents nonperturbative
correction as well as ϵEMðC7;8Þ is the electromag-
netic correction. Both of their formulas can be found
in [41]. As for B → Vγ process, the simplified
formula [51] is adopted,

BðBq → VγÞ ¼ τBq

αeG2
Fm

3
Bq
m2

b

32π4

�
1−

m2
V

m2
B

�
3

× jλtj2ðjCeff
7 j2 þ jC0eff

7 j2ÞT1ð0Þ; ð10Þ

where T1ðq2 ¼ 0Þ can be found in Table II.
Especially, 3 observable Sϕγ; ACP; AΔΓ in B → ϕγ
process are also incorporated. Their expressions can
be found in [52]. The experimental3 inclusive results
are taken from Belle 2014 [53] while the exclusive
ones are originated from Belle (2014 and 2021) as
well as LHCb 2019 [54–56] measurements.

(VII) Λb → Λμþμ−
As the b → sll related bottomed baryon decay,

Λb → Λμþμ−, shares some common features with
B → Vll. In low-q2 bins, deviations from SM
predictions have been found. Following [57,58],
the differential width as well as involved FFs is
given as

dΓl

dq2
≡ 2Jl1ssðCð0Þ

7;9;10Þ þ Jl1ccðCð0Þ
7;9;10Þ: ð11Þ

More details can be referred to Appendix A 5. For
the experimental observed branching fraction, we
refer to the LHCb 2015 measurement [59].

2Note that their CQ1;Q2
are related to our definition

CQ1;Q2
¼ mbCS;P, so we re-scale their WCs with MS mass m̄b.

3A cut on photon energy E0 is extrapolated from 1.9 GeV to
1.6 GeV in practice.
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In both cases before and after RKð�Þ 2022 release, there
are more than 200 observables related to the above
processes, including the binned ones. A detailed summary
of experimental data of these observables are listed in
Appendix B.

C. Fitting schemes

In our following fitting work, Bayesian statistics
is adopted, based on which some early analysis on
B-anomalies [60–63] is also performed. The advantages
of carrying out a Bayesian estimation are its robustness
and extensibility. For robustness, firstly, Bayesian infer-
ence with posterior functions has the advantage of avoid-
ing the danger of insufficient coverage probability
compared to the traditional profile method that used to
derive confidence intervals. Second, more attention can be
paid to the distribution of parameters, namely overall
effects, rather than to an individual minimum.
We denote the posterior function according to Bayesian

theorem,

Pðθ⃗jOexptÞ ∝ LðOjθ⃗Þπðθ⃗Þ; ð12Þ

where LðOjθ⃗Þ and πðθ⃗Þ stand for the likelihood function
and prior we set, respectively. In our model-independent fit,
a negative log likelihood (NLL) function is defined as

−2 logLðOjθ⃗Þ ¼ χ2ðθ⃗Þ
¼ ðOtheoðθ⃗Þ −Oexpt:Þ⊤ðVexpt þ V theoÞ−1

× ðOtheoðθ⃗Þ −OexptÞ; ð13Þ

where Otheo as well as Oexpt represent the theoretical
predictions of various observables and their corresponding
experimental data. The covariance matrices V theo and Vexpt

are consist of theoretical and experimental errors of observ-
ables. For the experimental correlation matrix, we have
taken into account some of the correlations among relevant
experiments [16,17,20,36–38,56], while the error is aligned
to the bigger one in the asymmetrical error case. Theoretical
covariance matrix is formed by assuming a multivariate
Gaussian distribution of input parameters which would
mainly occupy the pie chart of error (form factors error
for example). Both matrices are N dimensional, where N is
the number of observables up to 203. The parameter matrix
θ⃗ shown above, is encoded various WCs,

θ⃗ ¼ ðΔC7;ΔC0
7;ΔC8;ΔC0

8;ΔCl
9 ;ΔC0l

9 ;ΔCl
10;

× ΔC0l
10;ΔCl

S;ΔC0l
S ;ΔCl

P;ΔC0l
P Þ; ð14Þ

where l ¼ e or μ, and the dimension can be as large as 20 in
some of the working scenarios.

The likelihood function tells us where we are heading,
while the prior distribution πðθ⃗Þ tells us where to start. The
prior function usually implies the extent of our knowledge
about the problem we are facing. Namely, in these fits, it
represents the more probable starting position (or the
coordinate of WCs) as well as their ranges. In our analysis,
the best-fit point obtained from HMMN [25] is taken as our
prior knowledge. So a prior of multidimensional Gaussian
distribution which is centered at the latest 20-D fit result
from HMMN [25] with a common standard deviation offfiffiffi
2

p
is utilized.

III. NUMERICAL ANALYSIS

A. Input parameters

The global fitting analysis, relying on χ2 function,
contains both theoretical and experimental inputs. In
Appendix A, we present the necessary theoretical formulas
for various observables in related decay processes. For the
WCs, we adopted the obtained results from [33], which
have been calculated at μb scale with two-loop RGE
running. Other basic parameters (masses, lifetimes,
Wolfenstein parameters in CKM matrix, decay constants,
Weinberg angles, etc.) and some nonperturbative param-
eters (Gegenbaur expansion coefficients in distribution
amplitudes (DA), FFs, etc.) have been summarized in
Table I and II, respectively. As another part of inputs, the
experimental data of various observables shown bin by
bin, have been presented in Appendix B, together with
their corresponding calculated SM predictions.
In order to depict the goodness of fit of different

scenarios, we adopt a method that is often utilized by
frequentists: performing a reduced chi-squared χ2=d:o:f:.
We first make a histogram of samples from the negative log-
likelihood (NLL) distribution. The numerator of the reduced
chi-squared is then the χ2 corresponding to the maximum
density of the NLL distribution. This is in contrast to the
traditional frequentist approach, which only considers the
minimum chi-squared.
To estimate the parameters θ⃗, we adopt the median as

our estimation of the center value of the parameter for its
robustness. We then use the 16th and 84th percentiles to
indicate the boundary of our one standard deviation
confidence interval. This region has the same coverage
probability as the standard normal distribution.

B. Numerical results

To interpret the 2022 release of RKð�Þ in a global picture
of b → slþl−, we carry out global fits in four aforemen-
tioned scenarios based on two different datasets, dataset A
and B. We use Figs. 1 and 2 to illustrate the central values
and errors of typical parameters, ΔCμ

9 and ΔCμ
10, with

Bayesian statistics. The first row of figures in Figs. 1 and 2
are produced based on the early dataset A, while the second
row corresponds to dataset B. The central values of the
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parameters, mainly located at around well-known −1 and
0.2, differ slightly from scenarios in both two sets of fits.
On the other hand, to understand how the global change
occurs due to the 2022 update of RKð�Þ , a comparison
between the results of the two datasets is necessary. Taking
ΔCμ

9 shown in Fig. 1 as an example, the central values in all
the scenarios vary, but not dramatically, while the errors
almost keep unchanged.
Incorporating all the WCs analyzed in various scenarios

based on both dataset A and B. We summarize the results of
all the fitted parameters characterizing new physics effects
in Tables III and IV, respectively. The numbers of fitted
parameters in our analysis are two sets of 12, one set of 16,
and 20, denoted as scenario I, II, III, and IV (S-I, S-II, S-III,
and S-IV, or those corresponding ones with a prime). As a
comparison, early global fits made by other four indepen-
dent analyses [23–26] (one group of 20-D, one group of
6-D, and two groups of 4-D parameters) are also listed in
the two tables.
To confirm the correctness of our numerical calculation,

we first perform a calculation based on dataset A, as shown
in Table III, in different working scenarios (with a prime).
Our fitted WCs of muon flavor are consistent not only with
each scenario but also with the other four independent
groups within the fitted errors. WCs involving electron
flavor have been studied less, and early efforts can be found

in the two groups AS [24] and HMMN [25]. With similar
errors (1.2 and 1.9) but obvious different central values
(−0.24 and −6.50) for ΔCe

9, it is not easy to judge how its
deviation from the SM prediction. Our calculations in both
S-III’ (−1.8� 0.8) and S-IV’ (−1.6� 0.6) provide self-
consistent information and support a negative deviation
from the SM about 2.5σ. As for ΔCe

10, it can be concluded
that the deviation from the SM is within 1σ, combining all
our calculations (S-II’, III’, and IV’) as well as the work
done by AS [24] and HMMN [25]. In general, the errors of
scalar operator WCs in HMMN [25] are smaller than ours.
Though we both make a consistent description (less than 2σ

deviation) for ΔCð 0Þμ
S;P and ΔCð 0Þe

S , the feature of ΔCð 0Þe
P

differs. Our calculation prefers a SM-like behavior while
HMMN [25] suggests a deviation of around 4σ, requiring
further clarification by incorporating more and more
precise data as well as more efforts on fitting.
The impact of the 2022 RKð�Þ data is detailed in Table IV.

The new physics potential in ΔCμ
9, which was highly

anticipated before, has been widely questioned since the
release of R2022

Kð�Þ . According to the numerical results in
Table IV, the roughly 4σ standard deviations still exist in
each scenario, with slight shifts in central values and almost

unchanged errors. The SM-like behavior of ΔCð 0Þ
7;8, within

a 2σ deviation, remains unchanged from the earlier data.

TABLE I. Input parameters I: some basic parameters in the numerical analysis.

Parameters Values Parameters Values

mb 4.18ð þ3
−2 Þ GeV [64] mt 173.50(30) GeV [64]

mc 1.27(2) GeV [64] ms 93ð þ11
−5 Þ MeV [64]

md 4.67ð þ48
−17 Þ MeV [64] mu 2.16ð þ49

−26 Þ MeV [64]
me 0.5109989461(31) MeV [64] mμ 105.6583745(24) MeV [64]
mτ 1776.86(12) MeV [64] mBs

5366.92(10) MeV [64]
mBd

5279.65(12) MeV [64] mϕ 1019.461(16) MeV [64]
mK� 493.677(16) MeV [64] mK0 497.611(13) MeV [64]
mK�� 891.67(26) MeV [64] mK�0 895.55(20) MeV [64]
mBu

5279.34(12) MeV [64] mΛ 1115.683(6) MeV [64]
mΛb

5619.60(17) MeV [64] τBu
1.638(4) ps [64]

τBs
1.520(5) ps [64] τBd

1.519(4) ps [64]
τΛb

1.471(9) ps [64]
fBs

227.7(4.5) MeV [65] fBd
190.5(4.2) MeV [65]

fΛ 6.0ð4Þ × 10−3 GeV2 [66] fΛb 3.9ð þ4
−2 Þ × 10−3 GeV2 [66]

mtðmtÞ 163.53(83) GeV [64] GF 1.1663787ð6Þ × 10−5 GeV−2 [64]

αΛ 0.642(13) [58] αeðmZÞ 1=127.944ð14Þ [65]
αsðmZÞ 0.1179(9) [64] sin2 θW 0.23121(4) [64]
ys 0.064(4) [64] yd 0.0005(50) [64]

μ2G 0.336ð64Þ [50]
ρ3D 0.153(45) [50] ρ3LS −0.145ð98Þ [50]
BðB → Xceν̄Þexp 0.0997(41) [67] BðB → Xclν̄Þexp 0.0975(50) [67]

λ 0.22500(67) [64] A 0.826ð þ18
−15 Þ [64]

ρ̄ 0.159ð þ10
−10 Þ [64] η̄ 0.348ð þ10

−10 Þ [64]
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TABLE II. Form factors as well as resonance pole mass used in the numerical analysis of B → Plþl− [68],
B → Vlþl− [69], B → Vγ [51] and Λb → Λlþl− [58], respectively.

Parameters Values Parameters Values

fþð0Þ 0.34þ0.05
−0.02 a1þ −2.1þ0.9

−1.6
mres;þ 5.412 GeV

aA0

0 ðK�Þ þ0.36� 0.05 aA0

0 ðϕÞ þ0.39� 0.05

aA0

1 ðK�Þ −1.04� 0.27 aA0

1 ðϕÞ −0.78� 0.26

aA0

2 ðK�Þ þ1.12� 1.35 aA0

2 ðϕÞ þ2.41� 1.48

aT1

0 ðK�Þ þ0.28� 0.03 aT1

0 ðϕÞ þ0.31� 0.03

aT1

1 ðK�Þ −0.89� 0.19 aT1

1 ðϕÞ −0.87� 0.19

aT1

2 ðK�Þ þ1.95� 1.10 aT1

2 ðϕÞ þ2.75� 1.19

mres;A0
ðK�Þ 5.366 GeV mres;A0

ðϕÞ 5.366 GeV

mres;T1
ðK�Þ 5.415 GeV mres;T1

ðϕÞ 5.415 GeV

Tϕ
1 ð0Þ 0.280þ0.020

−0.022 TK�
1 ð0Þ 0.316þ0.016

−0.015

afþ0 þ0.4221� 0.0188 ag01 −1.0290� 0.1614

afþ1 −1.1386� 0.1683 ag⊥1 −1.1357� 0.1911

af00 þ0.3725� 0.0213 ahþ0 þ0.4960� 0.0258

af01 −0.9389� 0.2250 ahþ1 −1.1275� 0.2537

af⊥0 þ0.5182� 0.0251 ah⊥0 þ0.3876� 0.0172

af⊥1 −1.3495� 0.2413 ah⊥1 −0.9623� 0.1550

ag⊥;gþ0
0.3563� 0.0142 ah̃⊥;h̃þ0

þ0.3403� 0.0133

agþ1 −1.0612� 0.1678 ah̃þ1
−0.7697� 0.1612

ag00 0.4028� 0.0182 ah̃⊥1
−0.8008� 0.1537

mres;ðfþ;f⊥;hþ;h⊥Þ 5.416 GeV mres;ðgþ;g⊥;h̃þ;h̃⊥Þ 5.750 GeV
mres;ðf0Þ 5.711 GeV mres;ðg0Þ 5.367 GeV

FIG. 1. Density (black steps) and kernel density estimation KDE (blue curves) of Wilson coefficients ΔCμ
9 in different scenarios varied

from old dataset A to B. Red (dotdashed) lines indicate the highest posterior density (HPD) about 68.26% which give the error
estimations. Black (dashed) lines refer to the Bayesian estimations of ΔCμ

9 while gray(dotted) lines refer to SM positions.
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The situation for other muon flavor related fitted parameters
depends on the number of fitting parameters. For example,
the fitted ΔCμ

9 in S-III exhibits a decreased standard
deviation from 6.6σ in dataset A to 6.4σ in dataset B.

Therefore, it can be safely said that all the muon type WCs
except ΔCμ

9 are all within 2σ deviations. Moreover, the
updated ΔCe

9 values are consistent with the previous values
shown in Table III. The deviation in Scenario III still keeps

FIG. 2. Density (black steps) and KDE (blue curves) of Wilson coefficients ΔCμ
10 in different scenarios varied from old dataset A to B.

Intervals between the two red (dotdashed) lines cover the HPD about 68.26% to estimate 1σ range. The remaining indicators black
(dashed) and gray (dotted) lines play a similar role as the description of Fig. 1.

TABLE III. Global fits in various scenarios based on dataset Awith χ2SM ¼ 287.424 which calculated by setting all WCs to be zero as
well as corresponding observables n ¼ 201.

Params S-I’ S-II’ S-III’ S-IV’ ACDMN [23] AS [24] HMMN [25] GGJLCS [26]

Reduced χ2 183.404/(n-12) 197.556/(n-12) 182.869/(n-16) 176.807/(n-20) 260.66/(254-6) 179.1/(183-20) 96.88=90

χ2min=d:o:f = 0.970 = 1.045 = 0.988 = 0.977 = 1.05 = 1.1 = 1.08

ΔC7 −0.003þ0.020
−0.019 −0.001þ0.015

−0.015 � � � 0.001þ0.016
−0.015 0.00þ0.01

−0.02 � � � 0.06−0.03þ0.03 � � �
ΔC0

7 0.017þ0.018
−0.019 0.020þ0.014

−0.015 � � � 0.020þ0.014
−0.014 þ0.00þ0.02

−0.01 � � � −0.01−0.01þ0.01 � � �
ΔC8 −0.788þ0.595

−0.514 −0.885þ0.435
−0.398 � � � −0.773þ0.451

−0.449 � � � � � � −0.80−0.40þ0.40 � � �
ΔC0

8 −0.073þ1.089
−1.000 −0.093þ0.921

−0.831 � � � −0.089þ0.996
−0.922 � � � � � � −0.30þ1.30

−1.30 � � �
ΔCμ

9 −0.806þ0.257
−0.272 −0.795þ0.205

−0.210 −1.068þ0.161
−0.164 −0.863þ0.214

−0.227 −1.08þ0.18
−0.17 −0.82þ0.23

−0.23 −1.14−0.19þ0.19 −1.07þ0.29
−0.29

ΔC0μ
9 0.194þ0.395

−0.416 0.056þ0.338
−0.342 0.112þ0.393

−0.397 0.020þ0.346
−0.362 0.16þ0.37

−0.36 −0.10þ0.34
−0.34 0.05þ0.32

−0.32 0.32−0.21þ0.21

ΔCμ
10 0.236þ0.216

−0.193 0.145þ0.166
−0.156 0.164þ0.181

−0.180 0.213þ0.166
−0.155 0.15þ0.13

−0.13 þ0.14þ0.23
−0.23 0.21−0.20þ0.20 0.21−0.14þ0.14

ΔC0μ
10 −0.096þ0.251

−0.237 −0.108þ0.186
−0.177 −0.115þ0.200

−0.198 −0.089þ0.177
−0.176 −0.18þ0.20

−0.18 −0.33þ0.23
−0.23 −0.03þ0.19

−0.19 −0.26−0.14þ0.14

ΔCμ
S 0.066þ1.091

−1.142 −0.004þ1.102
−1.131 −0.008þ0.883

−0.899 −0.043þ0.842
−0.875 � � � � � � 0.01þ0.05

−0.05 � � �
ΔC0μ

S 0.065þ1.087
−1.140 0.003þ1.103

−1.126 −0.002þ0.873
−0.936 −0.059þ0.844

−0.869 � � � � � � −0.01þ0.05
−0.05 � � �

ΔCμ
P 0.167þ1.172

−1.225 1.017þ0.735
−0.816 0.092þ1.076

−0.994 0.117þ0.847
−0.894 � � � � � � −0.04þ0.02

−0.02 � � �
ΔC0μ

P 0.053þ1.169
−1.227 0.891þ0.729

−0.812 0.010þ1.083
−1.002 0.040þ0.854

−0.895 � � � � � � −0.04þ0.02
−0.02 � � �

ΔCe
9 � � � −0.795þ0.205

−0.210 −1.753þ0.781
−0.772 −1.551þ0.627

−0.599 � � � −0.24þ1.17
−1.17 −6.50þ1.90

−1.90 � � �
ΔC0e

9 � � � 0.056þ0.338
−0.342 1.725þ1.724

−2.286 1.710þ1.466
−1.764 � � � � � � 1.40þ2.30

−2.30 � � �
ΔCe

10 � � � 0.145þ0.166
−0.156 0.108þ1.456

−0.661 0.058þ1.193
−0.661 � � � −0.24þ0.78

−0.78 ∼0 � � �
ΔC0e

10 � � � −0.108þ0.186
−0.177 0.600þ1.208

−1.099 0.655þ0.958
−0.841 � � � � � � ∼0 � � �

ΔCe
S � � � −0.004þ1.102

−1.131 −0.719þ1.861
−1.227 −0.549þ1.602

−1.232 � � � � � � −0.38þ0.41
−0.41 � � �

ΔC0e
S � � � 0.003þ1.103

−1.126 −0.699þ1.837
−1.224 −0.550þ1.618

−1.326 � � � � � � −0.36þ0.50
−0.50 � � �

ΔCe
P � � � 1.017þ0.735

−0.816 −1.592þ1.552
−1.079 −1.688þ1.366

−0.978 � � � � � � −0.98þ0.21
−0.21 � � �

ΔC0e
P � � � 0.891þ0.729

−0.812 −1.360þ1.318
−1.149 −1.431þ1.212

−1.017 � � � � � � −0.95þ0.29
−0.29 � � �
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around 2.3σ, with both slight decreased central value and
error. The deviation in Scenario IV shifts from 2.6σ to 2.8σ.

All other electron type WCs, including ΔCð0Þe
10;S;P, are found

to be restricted within around 1σ.
In addition to the 1-D parameter projections from the

high dimensional full parameter space shown in Tables III
and IV, more information can be drawn from correlations
among 2-D parameters. In many previous studies, lepton
flavors in Oð0Þ

9;10 as well as Oð0Þ
S;P are usually not discrimi-

nated. This assumption is also adopted as one of our
working scenarios (S-II or S-II’). However, it is important
to keep in mind that relaxing the identical lepton flavor
restriction is also possible. We present explicitly in Fig. 3,
the correlations between WCs of the same type among by
specifying the lepton flavors in Scenario III and IV based
on dataset B. The locations of the best fit points and the 1σ
allowed regions are dependent on the working scenario, as
shown by the analysis of left-handed operators in Fig. 3. A
straight line passing through the origin with a slope of 1
represents lepton flavor independence. In almost all of the
two scenarios (S-III and S-IV), ΔC9 and ΔCS;P deviate

from this line in the 1σ region, while ΔC10 contains part
of the “flavor identical line” in its 1σ region. But in 2σ
regions, the flavor identical line can be contained by all
ΔC9;10 and ΔCS;P. Therefore, at the 1σ level, the identical
lepton flavor is only respected byΔC10 but can be extended
to all at the 2σ level.
The relations between operators with opposite chirality

are also of interest. We show them in the form of 2-D
correlations in Fig. 4. Similar to the flavor situation, we
take the line with slope of 1 and intercept of 0 as a criterion
to judge the chirality dependence from data. Apparently,
the deviations of such a line, at the 2σ level, in all the four
scenarios of ΔCμ

9 indicate that ΔCμ
9 and ΔC0μ

9 are indeed
two separated parameters. As for ΔCμ

10, the identical
chirality is not excluded at the 1σ region in S-I, and can
be kept at the 2σ regions in all the 4 scenarios. A strict
respect of the criterion line can be found for the WCs of two
scalar operators (ΔCS and ΔCP) shown as (c) and (d) in
Fig. 4. This indicates that the chirality is indistinguishable
for the two muon type scalar operators, although their fitted
sizes are SM-like. Due to the limited data about channels

TABLE IV. Global fits in various scenarios based on dataset B with χ2SM ¼ 265.888 originated from ΔCi ¼ 0 and the number of
observables n ¼ 203.

Params S-I S-II S-III S-IV ADCMN [23] AS [24] HMMN [25] GGJLCS [26]

Reduced χ2 190.044/(n-12) 177.891/(n-12) 185.386/(n-16) 178.953/(n-20) 260.66/(254-6) 179.1/(183-20) 96.88=90

χ2min=d:o:f = 0.995 = 0.931 = 0.991 = 0.978 = 1.05 = 1.1 = 1.08

ΔC7 −0.000þ0.020
−0.020 −0.001þ0.015

−0.015 � � � −0.000þ0.016
−0.015 0.00þ0.01

−0.02 � � � 0.06−0.03þ0.03 � � �
ΔC0

7 0.017þ0.020
−0.018 0.020þ0.015

−0.014 � � � 0.023þ0.014
−0.016 þ0.00þ0.02

−0.01 � � � −0.01−0.01þ0.01 � � �
ΔC8 −0.995þ0.540

−0.463 −0.921þ0.443
−0.378 � � � −0.773þ0.465

−0.424 � � � � � � −0.80−0.40þ0.40 � � �
ΔC0

8 −0.080þ1.046
−0.942 −0.076þ0.893

−0.833 � � � −0.258þ1.007
−0.802 � � � � � � −0.30þ1.30

−1.30 � � �
ΔCμ

9 −0.752þ0.262
−0.265 −0.789þ0.198

−0.210 −1.054þ0.163
−0.171 −0.872þ0.215

−0.215 −1.08þ0.18
−0.17 −0.82þ0.23

−0.23 −1.14−0.19þ0.19 −1.07þ0.29
−0.29

ΔC0μ
9 0.174þ0.434

−0.441 0.048þ0.338
−0.348 0.130þ0.439

−0.437 0.088þ0.342
−0.378 0.16þ0.37

−0.36 −0.10þ0.34
−0.34 0.05þ0.32

−0.32 0.32−0.21þ0.21

ΔCμ
10 −0.019þ0.206

−0.175 0.163þ0.165
−0.160 0.112þ0.166

−0.184 0.171þ0.157
−0.175 0.15þ0.13

−0.13 þ0.14þ0.23
−0.23 0.21−0.20þ0.20 0.21−0.14þ0.14

ΔC0μ
10 −0.118þ0.266

−0.247 −0.093þ0.183
−0.179 −0.115þ0.215

−0.213 −0.062þ0.197
−0.180 −0.18þ0.20

−0.18 −0.33þ0.23
−0.23 −0.03þ0.19

−0.19 −0.26−0.14þ0.14

ΔCμ
S 0.023þ1.064

−1.097 0.060þ1.188
−1.230 −0.066þ0.944

−0.929 0.009þ0.858
−0.845 � � � � � � 0.01þ0.05

−0.05 � � �
ΔC0μ

S 0.014þ1.064
−1.086 0.061þ1.188

−1.225 −0.070þ0.957
−0.930 0.012þ0.858

−0.862 � � � � � � −0.01þ0.05
−0.05 � � �

ΔCμ
P 0.079þ1.159

−1.146 0.478þ0.808
−0.899 0.189þ1.018

−1.028 0.124þ0.902
−0.910 � � � � � � −0.04þ0.02

−0.02 � � �
ΔC0μ

P −0.032þ1.158
−1.145 0.370þ0.803

−0.897 0.098þ1.009
−1.024 0.038þ0.894

−0.913 � � � � � � −0.04þ0.02
−0.02 � � �

ΔCe
9 � � � −0.789þ0.198

−0.210 −1.623þ0.662
−0.734 −1.511þ0.561

−0.533 � � � −0.24þ1.17
−1.17 −6.50þ1.90

−1.90 � � �
ΔC0e

9 � � � 0.048þ0.338
−0.348 1.090þ1.610

−1.793 0.864þ1.483
−1.608 � � � � � � 1.40þ2.30

−2.30 � � �
ΔCe

10 � � � 0.163þ0.165
−0.160 0.555þ1.042

−0.576 0.383þ0.840
−0.424 � � � −0.24þ0.78

−0.78 ∼0 � � �
ΔC0e

10 � � � −0.093þ0.183
−0.179 0.088þ0.969

−0.956 0.002þ0.881
−0.815 � � � � � � ∼0 � � �

ΔCe
S � � � 0.060þ1.188

−1.230 −0.952þ2.122
−1.139 −0.806þ1.900

−1.238 � � � � � � −0.38þ0.41
−0.41 � � �

ΔC0e
S � � � 0.061þ1.188

−1.225 −1.051þ2.251
−1.075 −0.803þ1.861

−1.194 � � � � � � −0.36þ0.50
−0.50 � � �

ΔCe
P � � � 0.478þ0.808

−0.899 −1.568þ1.544
−1.149 −1.837þ1.376

−0.930 � � � � � � −0.98þ0.21
−0.21 � � �

ΔC0e
P � � � 0.370þ0.803

−0.897 −1.477þ1.409
−1.083 −1.652þ1.200

−0.979 � � � � � � −0.95þ0.29
−0.29 � � �
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involving electrons, the surviving areas for ΔCe
S − ΔC0e

S
and ΔCe

P − ΔC0e
P are much wider than the muon type

operators, with the identical chirality line contained. Their
sizes, which are consistent with SM at 2σ level, and the
chirality relations are anticipated to be improved more
precisely when more data is accumulated.

C. Discussions

Throughout the analyses in this work, the most important
issue is whether the new physics possibility still exists by
incorporating R2022

Kð�Þ . As shown in Fig. 5 explicitly, although
ΔC10 agrees with SM within 1σ in all the four scenarios for
both muon and electron type, deviations from SM in ΔCμ

9

indeed exist for more than 4σ for most scenarios and ΔCe
9

for around 3σ in Scenario II.
The scalar operators are in general with small central

values but large uncertainties as shown in Table III and IV.
The 2-D correlations shown in Fig. 4 apparently indicate
the strong linear relations

ΔCμ
S ¼ ΔC0μ

S ; ΔCμ
P ¼ ΔC0μ

P : ð15Þ

On the other hand, if the emergence of new physics is
described within the framework of SMEFT, the relations

ΔCμ
S ¼ −ΔCμ

P; ΔC0μ
S ¼ ΔC0μ

P ð16Þ

hold up to dimension-6 operators [70], leading to

ΔCð0Þμ
S ¼ ΔCð0Þμ

P ¼ 0: ð17Þ

Note this feature for null scalar operators may violate in
other non-SMEFT new physics [71].

IV. CONCLUDING REMARKS

In this work, we perform global fits to two sets of
datasets, one before and one after the release of R2022

Kð�Þ

(denoted as dataset A and B), in four sets of working
scenarios. In some of the working scenarios, we distinguish
lepton flavor, which results in as many as 20 fitted
parameters. Our numerical analysis based on Bayesian
statistics helps to interpret data and the following points

FIG. 3. The correlations of corresponding WCs ((a) to (d) stand for ΔC9;ΔC10;ΔCS, and ΔCP, respectively) specified by their lepton
flavors with a consideration of R2022

Kð�Þ , taking an example of left-handed operators. The red (dotted) and green (dot dashed) regions
represent the S-IVas well as S-III, where darker/lighter part are their corresponding 1=2σ regions. Markers circle (square) are estimations
of WCs in S-IV(S-III), respectively. The absence of S-II and S-I due to their WCs are not fully independent we set to be.
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can be concluded incorporating R2022
Kð�Þ . (i) The new physics

possibility still exists. As explicitly shown in Fig. 5, current
data still supports a deviation about or more than 4σ from
SM for ΔCμ

9. (ii) The interpretation of flavor dependence in
WCs is improved. At 1σ level, the muon and electron flavor
is distinguishable for ΔC9;S;P but indistinguishable for
ΔC10. And if allowing 2σ errors, lepton flavor is indis-
tinguishable for all the four operators and their correspond-
ing WCs ΔC9;10;S;P. (iii) The relation between operators
and their chiral dual ones is specified. The WCs for scalar

operators ΔCμ
S and ΔCμ

P are strictly chirality independent.
At 1σ level, the data also indicates that to distinguish
chirality is not necessary for ΔCe

S and ΔCe
P. The WC ΔCμ

9

differs from its dual one ΔC0μ
9 at 2σ level in all the four

scenarios, while ΔCμ
10 distinguishes ΔC0μ

10 in three of the
four scenarios. (iv) If the emergence of new physics is in
terms of SMEFT, the scalar operators vanish.
Although the working scenario dependence indeed exists

by comparing with detailed scenarios, it does not change
the main features of global fits. The obtained results from

FIG. 4. The correlations of corresponding WCs distinct from their chirality incorporating the updated RKð�Þ , with a consideration of
muon type operators [(a)–(d)] and typical electron type operators [(e)–(f)]. The orange (solid), purple (dashed), green (dot-dashed), and
red (dotted) regions represent S-I, S-II, S-III, and S-IV, respectively. The description of absence of S-I and S-II follows the Fig. 3.
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current model independent fits provide useful inputs for
new physics models or help to discriminate some of the
models.
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APPENDIX A: FORMULAS FOR INVOLVED
OBSERVABLES

In this part, we provided a list about calculation of all
observables we used in analysis, more detailed discussions
are found in corresponding subsection.

1. Bs;d → ll

It is worth pointing out that our formula deduced
previously called CP-averaged or “experimental” branch-
ing ratio. The untagged or “theoretical” branching ratio is
different from previous one through [72]

BRuntagðBs → μþμ−Þ ¼
�
1þAΔΓys
1 − y2s

�
BRðBs → μþμ−Þ;

AΔΓ ¼ jkPj2 cosð2φPÞ − jkSj2 cosð2φSÞ
jkPj2 þ jkSj2

;

ðA1Þ

with kS, kP, φS, φP which are given in [72].

2. B → Vl+l− formulas

The full angular decay distribution of B̄0 → K̄�0lþl−

which obtained from Buras [30] is shown as

d4Γl

dq2d cos θld cos θK�dϕ
¼ 9

32π
Jlðq2; θl; θK� ;ϕÞ; ðA2Þ

where

Jlðq2; θl; θK� ;ϕÞ ¼ Jl1;ssin
2θK� þ Jl1;ccos

θ
K� þ ðJl2;ssin2θK� þ Jl2;ccos

2θK�Þ cos 2θl þ Jl3sin
2θK�sin2θl cos 2ϕ

þ Jl4 sin 2θK� sin 2θl cosϕþ Jl5 sin 2θK� sin θl cosϕþ ðJl6;ssin2θK� þ Jl6;ccos
2θK� Þ cos θl

þ Jl7 sin 2θK� sin θl sinϕþ Jl8 sin 2θK� sin 2θl sinϕþ Jl9sin
2θK�sin2θl sin 2ϕ ðA3Þ

The corresponding expression for the CP-conjugated mode B0 → K�0lþl− is obtained form Eq. (A3) by the replacements
Jl
1;2;3;4;7;ðaÞ → J̄l

1;2;3;4;7;ðaÞ; J
l
5;6;8;9;ðaÞ → −J̄l

5;6;8;9;ðaÞ. With the eight transverse amplitudes defined in the consecutive

subsection, the angular coefficients Ji in (7) can be written as

FIG. 5. The correlations of WCs involving more than 3σ deviations from SM predictions with the R2022
Kð�Þ . Conventions of color, line

types and markers remain the same as those in Figs. 3 and 4.
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Jl1;s ¼
ð2þ β2lÞ

4
½jAL⊥;lj2 þ jAL

k;lj2 þ ðL → RÞ� þ 4m2
l

q2
ℜðAL⊥;lA

R�
⊥;l þ AL

k;lA
R�
k;lÞ;

Jl1;c ¼ jAL
0;lj2 þ jAR

0;lj2 þ
4m2

l

q2
½jAt;lj2 þ 2ℜðAL

0;lA
R�
0;lÞ� þ β2ljAS;lj2;

Jl2;s ¼
β2l
4
½jAL⊥;lj2 þ jAL

k;lj2 þ ðL → RÞ�; Jl2;c ¼ −β2l½jAL
0;lj2 þ ðL → RÞ�;

Jl3 ¼ 1

2
β2l½jAL⊥;lj2 − jAL

k;lj2 þ ðL → RÞ�; Jl4 ¼ 1ffiffiffi
2

p β2l½ℜðAL
0;lA

L�
k;lÞ þ ðL → RÞ�;

Jl5 ¼
ffiffiffi
2

p
βl

�
ℜðAL

0;lA
L�⊥;lÞ − ðL → RÞ − mlffiffiffiffiffi

q2
p ℜðAL

k;lA
�
S;l þ AR

k;lA
�
S;lÞ
�
;

Jl6;s ¼ 2βl½ℜðAL
k;lA

L�
⊥;lÞ − ðL → RÞ�; Jl6;c ¼ 4βl

mlffiffiffiffiffi
q2

p ½ℜðAL
0;lA

�
S;lÞ þ ðL → RÞ�;

Jl7 ¼
ffiffiffi
2

p
βl

�
ℑðAL

0;lA
L�
k;lÞ − ðL → RÞ þ mlffiffiffiffiffi

q2
p ℑðAL⊥;lA

�
S;l þ AR⊥;lA

�
S;lÞ
�
;

Jl8 ¼ 1ffiffiffi
2

p β2l½ℑðAL
0;lA

L�⊥;lÞ þ ðL → RÞ�; Jl9 ¼ β2l½ℑðAL�
k;lA

L⊥;lÞ þ ðL → RÞ�;

Si;a ¼ ðJi;a þ J̄i;aÞ=
dðΓþ Γ̄Þ

dq2
; ðA4Þ

which further rely on various helicity amplitudes, giving

AL;R
⊥;l ¼ Nl

0

ffiffiffi
2

p
λM2

B

�
½ðCl

9 þ C0l
9 Þ ∓ ðCl

10 þ C0l
10Þ�

Vðq2Þ
MB þMK�

þ 2mb

q2
ðCl

7 þ C0l
7 ÞT1ðq2Þ

�
þ ΔAL;R

⊥ ;

AL;R
k;l ¼ −Nl

0

ffiffiffi
2

p
ðM2

B −M2
K�Þ
�
½ðCl

9 − C0l
9 Þ ∓ ðCl

10 − C0l
10Þ�

A1ðq2Þ
MB −MK�

þ 2mb

q2
ðCl

7 − C0l
7 ÞT2ðq2Þ

�
þ ΔAL;R

k ;

AL;R
0;l ¼ −Nl

0

2MK�
ffiffiffiffiffi
q2

p 

½ðCl0

9 − C0l
9 Þ ∓ ðCl

10 − C0l
10Þ�
�
ðM2

B −M2
K� − q2ÞðMB þMK� ÞA1ðq2Þ − λ2M4

B
A2ðq2Þ

MB þMK�

�

þ2mbðCl
7 − C0l

7 Þ
�
ðM2

B þ 3M2
K� − q2ÞT2ðq2Þ −

λ2M4
B

M2
B −M2

K�
T3ðq2Þ

��
þ ΔAL;R

0 ;

At;l ¼ Nl
0ffiffiffiffiffi
q2

p λM2
B

�
2ðCl

10 − C0l
10Þ þ

q2

ml
ðCl

P − C0l
P Þ
�
A0ðq2Þ;

AS;l ¼ −2Nl
0λM

2
BðCl

S − C0l
S ÞA0ðq2Þ; ðA5Þ

associated with the constant

N0
l ¼ VtbV�

ts

�
G2

Fα
2

3 × 210π5MB
q2λβl

�1
2 ðA6Þ

and parameters λ and βμ defined as

βl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4

m2
l

q2

s
; λðq2;M2

KÞ ¼
��

1 −
q2

M2
B

�
2

− 2
m2

K

M2
B

�
1þ q2

M2
B

�
þ m4

K

M4
B

�1
2

:

The corrections ΔA in Eq. (A5), originating from weak annihilation and spectator scattering [41], are given as
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ΔAL;R
⊥ ¼ 2

ffiffiffi
2

p
λNmbM2

B

q2

�
T ðtÞ;nfþWA

⊥ þ λu
λt
T ðuÞ

⊥
�
;

ΔAL;R
k ¼ −2

ffiffiffi
2

p
EVNmbðM2

B −M2
VÞ

q2MB

�
T ðtÞ;nfþWA

⊥ þ λu
λt
T ðuÞ

⊥
�
;

ΔAL;R
0 ¼ −

NM2
Bmbffiffiffiffiffi

q2
p

MV


�
ðM2

B þ 3M2
V − q2Þ 2EV

M3
B
−

λ2M2
B

M2
B −M2

V

�
×

�
T ðtÞ;nfþWA

⊥ þ λu
λt
T ðuÞ

⊥
�

−
λ2M2

B

M2
B −M2

V
×
�
T ðtÞ;nfþWA

k þ λu
λt
T ðuÞ

k

��
; ðA7Þ

with λi ≡ VibV�
is and EV ¼ M2

BþM2
V−q

2

2MB
. The amplitudes T ⊥;k in Eq. (A7), containing contributions from both nonfactorizable

hard-spectator scattering and weak annihilation, can be obtained by subtracting factorizable contributions from the invariant
amplitude calculated in QCDF [21,22,73], giving

T a ¼ ξaCa þ
π2

Nc

fBfV;a
MB

Ξa

X
�

Z
∞

0

dω
ω

ΦB;�ðωÞ
Z

1

0

duΦK�;aðuÞTa;�ðu;ωÞ ðA8Þ

with Ξk ¼ MV
EV
, Ξ⊥ ¼ 1, Nc ¼ 3 and

Ca ¼ Cð0Þ
a þ αsCF

4π
Cð1Þ
a ;

Ta;� ¼ Tð0Þ
a;� þ αsCF

4π
Tð1Þ
a;�: ðA9Þ

In this work, we do not incorporate the long-distance effect generated from charm-loop, which has been considered
in [74,75]. In large energy limit (LEL), the number of heavy-to-light transition form factors can be reduced from 7 to 2,
corresponding to transversal and longitudinal polarization of K�. The correspondence between the two sets of form
factors [76] is given as

Vðq2Þ ¼
�
1þMvec

M

�
ξ⊥; A1ðq2Þ ¼

2E
M þMvec

ξ⊥;

A2ðq2Þ ¼
�
1þMvec

M

��
ξ⊥ −

Mvec

E
ξk

�
; A0ðq2Þ ¼

�
1 −

M2
vec

ME

�
ξk þ

Mvec

M
ξ⊥;

T1ðq2Þ ¼ ξ⊥; T2ðq2Þ ¼
�
1 −

q2

M2 −M2
vec

�
ξ⊥; T3ðq2Þ ¼ ξ⊥ −

Mvec

E

�
1 −

M2
vec

M2

�
ξk; ðA10Þ

where M and Mvec stand for B mesons as well as final state vector mesons, respectively. To solve ξ⊥ and ξk, we use form
factors T1 and A0 [69] in the form of simplified series expansion (SSE) in our practical analysis.

3. B → Pl+l−
The angular distribution functions are described below [77]:

Ilaðq2;C0
7;8;9;10;S;PÞ ¼

q2

M4
B
ðβ3ljFl

Sj2 þ βljFl
Pj2Þ þ

λ

4

 
λβljCl

10j2 þ λβl

				Cl
9 þ

2mbT
ð0Þ
P

MBξP

				2
!

þ 2mlβlðM2
B −M2

K þ q2ÞℜðFl
PF

l�
A Þ

M4
B

þ 4m2
lβljFl

Aj2
M2

B
;

Ilcðq2;C0
7;8;9;10Þ ¼ −

λ

4

 
λβ3ljCl

10j2 þ λβ3l

				Cl
9 þ

2mbT P

MBξP

				2
!
; ðA11Þ
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where form factors are defined as

Fl
A ¼ Cl

10; Fl
T ¼ 0; Fl

T5 ¼ 0;

Fl
P ¼ M2

B −M2
K

2mbðmb −msÞ
f0
fþ

ðCl
P þ C0l

P Þ þmlCl
10

�
M2

B −M2
K

q2

�
2E
MB

− 1

�
− 1

�
;

Fl
S ¼ M2

B −M2
K

2mbðmb −msÞ
f0ðq2Þ
fþðq2Þ

ðCl
S þ C0l

S Þ;

Fl
V ¼ Cl

9 þ
2mb

MB

T Pðq2Þ
ξPðq2Þ

;
f0
fþ

¼ 2E
MB

"
1þOðαsÞ þO

 
q2

M2
B

ffiffiffiffiffiffiffiffiffiffiffi
ΛQCD

E

r !#
: ðA12Þ

The invariant amplitude T P has the form similar with T k in B → Vlþl− [22]. We preserve the leading order and next-
leading order nonfactorizable contribution, giving

T Pðq2Þ ¼ ξP

�
ðCeff

7 þ C0eff
7 Þ þ MB

2mb
Yðq2Þ þ αsCF

4π
Cnf
k

�

þ π2

Nc

fBfP
MB

X
�

Z
∞

0

dω
ω

ΦB;�ðωÞ
Z

1

0

duΦK;kðuÞ
�
Tð0Þ
k;� þ αsCF

4π
ðTðnfÞ

k;� Þ
�
ðu;ωÞ: ðA13Þ

The form factors based on SSE [68,74] can be parametrized as

ξP ¼ fþðq2Þ≡ fþð0Þ
1 − q2=m2

resþ



1þ a1þ

�
zðq2Þ − zð0Þ þ 1

2
ðzðq2Þ2 − zð0Þ2Þ

��
;

zðq2Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
τþ − q2

p
− ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

τþ − τ0
pffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

τþ − q2
p

þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
τþ − τ0

p ; τ0 ¼ ffiffiffiffiffi
τþ

p ð ffiffiffiffiffi
τþ

p − ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
τþ − τ−

p Þ; τ� ¼ ðMB �MPÞ2; ðA14Þ

in which fþðq2 ¼ 0Þ can be calculated by LCSR and listed in Table II.

4. B → Xsl+l−
Here we give the definition of the important function Ñ in Eq. (8),

Ñ ≡
�
1þ 2m̂2

l

ŝ

��
jCnew

9 j2ð1þ 2ŝÞ
�
1þ αs

π
τ99ðŝÞ

�
þ 4jCnew

7 j2
�
1þ 2

ŝ

��
1þ αs

π
τ77ðŝÞ

�

þ 12ℜðCnew
7 Cnew�

9 Þ
�
1þ αs

π
τ79ðŝÞ

��
þ jCnew

10 j2
�
ð1þ 2ŝÞ þ 2m̂2

l

ŝ
ð1 − 4ŝÞ

��
1þ αs

π
τ99ðŝÞ

�

þ 3

2
jmbCSj2ðŝ − 4m̂2

lÞ þ
3

2
jmbCPj2ŝþ 6ℜðmbCnew

10 C�
PÞm̂l þ ðCi ↔ C0

iÞ; ðA15Þ

where m̂l, ŝ, and z has the form of

m̂l ≡ ml

mb;pole
; ŝ≡ s

m2
b;pole

; z≡ m2
c;pole

m2
b;pole

ðA16Þ

and τ77, τ79, and τ99 have been calculated in [43]. Especially, Cnew
7 and Cnew

9 are defined as
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Cnew
7 ðsÞ ¼

�
1þ αs

π
σ7ðsÞ

�
Ceff
7 −

αs
4π

h
C1F

ð7Þ
1 ðsÞ þ C2F

ð7Þ
2 ðsÞ þ Ceff

8 Fð7Þ
8 ðsÞ

i
;

Cnew
9 ðsÞ ¼

�
1þ αs

π
σ9ðsÞ

�
Ceff
9 −

αs
4π

h
C1F

ð9Þ
1 ðsÞ þ C2F

ð9Þ
2 ðsÞ þ Ceff

8 Fð9Þ
8 ðsÞ

i
;

Cnew
9 ðsÞ ¼

�
1þ αs

π
σ9ðsÞ

�
Ceff
10 ; ðA17Þ

with σ7, σ9 given in [43] as well, and Fð7;9Þ
1;2;8 introduced in [22]. All the analytical formulas are well summarized in [41].

5. Λb → Λl+l−
With naive factorization approximation, the 10 angular distribution function in bottomed baryon decays can be

expressed as,

J1ss ¼
1

4
½jAR⊥1

j2 þ jAR
k1 j2 þ 2jAR⊥0

j2 þ 2jAR
k0 j2 þ ðR ↔ LÞ�;

J2ss ¼
αΛ
2
ℜfAR⊥1

A�R
k1 þ 2AR⊥0

A�R
k0 þ ðR ↔ LÞg;

J1cc ¼
1

2
½jAR⊥1

j2 þ jAR
k1 j2 þ ðR ↔ LÞ�; J1c ¼ −ℜfAR⊥1

A�R
k1 − ðR ↔ LÞg;

J2cc ¼ þαΛℜfAR⊥1
A�R
k1 þ ðR ↔ LÞg; J2c ¼ −

αΛ
2
½jAR⊥1

j2 þ jAR
k1 j2 − ðR ↔ LÞ�;

J3sc ¼ þ αΛffiffiffi
2

p ℑfAR⊥1
A�R⊥0

− AR
k1A

�R
k0 þ ðR ↔ LÞg; J3s ¼

αΛffiffiffi
2

p ℜfAR⊥1
A�R
k0 − AR

k1A
�R⊥0

þ ðR ↔ LÞg;

J4sc ¼ þ αΛffiffiffi
2

p ℑfAR⊥1
A�R⊥0

− AR
k1A

�R
k0 − ðR ↔ LÞg; J4s ¼

αΛffiffiffi
2

p ℜfAR⊥1
A�R
k0 − AR

k1A
�R⊥0

− ðR ↔ LÞg;

where αΛ given in [58] and presented in Table I. The definition of amplitudes A can be further defined based on helicity
amplitudes, giving

ALðRÞ
⊥0

¼ þ
ffiffiffi
2

p
N1

�
CLðRÞ
9;10;þH

V
0 ðþ1=2;þ1=2Þ − 2mbðC7 þ C7

0Þ
q2

HT
0 ðþ1=2;þ1=2Þ

�
;

ALðRÞ
k0 ¼ −

ffiffiffi
2

p
N1

�
CLðRÞ
9;10;−HA

0 ðþ1=2;þ1=2Þ þ 2mbðC7 − C7
0Þ

q2
HT5

0 ðþ1=2;þ1=2Þ
�
;

ALðRÞ
⊥1

¼ þ
ffiffiffi
2

p
N1

�
CLðRÞ
9;10;þH

Vþð−1=2;þ1=2Þ − 2mbðC7 þ C7
0Þ

q2
HTþð−1=2;þ1=2Þ

�
;

ALðRÞ
k1 ¼ −

ffiffiffi
2

p
N1

�
CLðRÞ
9;10;−H

Aþð−1=2;þ1=2Þ þ 2mbðC7 − C7
0Þ

q2
HT5þ ð−1=2;þ1=2Þ

�
; ðA18Þ

with modified WCs and constant N1

CLðRÞ
9;10;þ ¼ ðC9 ∓ C10Þ þ ðC9

0 ∓ C10
0Þ; CLðRÞ

9;10;−ðC9 ∓ C10Þ − ðC9
0 ∓ C10

0Þ;

N1 ¼ GFVtbV�
tsαe

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
q2λ

3 × 211mΛb
π5

s
;

and helicity amplitudes
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HV
t ðþ1=2;þ1=2Þ ¼ HV

t ð−1=2;−1=2Þ ¼ fVt ðq2Þ
mΛb

−mΛffiffiffiffiffi
q2

p ffiffiffiffiffi
sþ

p
;

HV
0 ðþ1=2;þ1=2Þ ¼ HV

0 ð−1=2;−1=2Þ ¼ fV0 ðq2Þ
mΛb

þmΛffiffiffiffiffi
q2

p ffiffiffiffiffi
s−

p
;

HVþð−1=2;þ1=2Þ ¼ HV
−ðþ1=2;−1=2Þ ¼ −fV⊥ðq2Þ

ffiffiffiffiffiffiffiffi
2s−

p
;

HA
t ðþ1=2;þ1=2Þ ¼ −HA

t ð−1=2;−1=2Þ ¼ fAt ðq2Þ
mΛb

þmΛffiffiffiffiffi
q2

p ffiffiffiffiffi
s−

p
;

HA
0 ðþ1=2;þ1=2Þ ¼ −HA

0 ð−1=2;−1=2Þ ¼ fA0 ðq2Þ
mΛb

−mΛffiffiffiffiffi
q2

p ffiffiffiffiffi
sþ

p
;

HAþð−1=2;þ1=2Þ ¼ −HA
−ðþ1=2;−1=2Þ ¼ −fA⊥ðq2Þ

ffiffiffiffiffiffiffiffi
2sþ

p
;

HT
0 ðþ1=2;þ1=2Þ ¼ −HT

0 ð−1=2;−1=2Þ ¼ −fT0
ffiffiffiffiffi
q2

q ffiffiffiffiffi
s−

p
;

HTþð−1=2;þ1=2Þ ¼ −HT
−ðþ1=2;−1=2Þ ¼ fT⊥ðq2ÞðmΛb

þmΛÞ
ffiffiffiffiffiffiffiffi
2s−

p
;

HT5
0 ðþ1=2;þ1=2Þ ¼ −HT5

0 ð−1=2;−1=2Þ ¼ fT50

ffiffiffiffiffi
q2

q ffiffiffiffiffi
sþ

p
;

HT5þ ð−1=2;þ1=2Þ ¼ −HT5
− ðþ1=2;−1=2Þ ¼ −fT5⊥ ðq2ÞðmΛb

−mΛÞ
ffiffiffiffiffiffiffiffi
2sþ

p
: ðA19Þ

The form factors can be parametrized as

fiðq2Þ ¼
1

1 − q2=ðmfi
poleÞ2

½afi0 þ afi1 zðq2Þ�: ðA20Þ

and the detailed input parameters a0;1 have been listed in Table II.

APPENDIX B: EXPERIMENTAL DATA FOR RELATED OBSERVABLES

Here we summarize all the experimental results related to our analysis. The number of observables is 203 at total for new
data, dataset B, and 201 for dataset A. The former one can be obtained via replacing old RKð�Þ and the branching fraction of
the corresponding electron mode in the latter by the latest LHCb results [20]. The detailed values have been presented in the
following three tables (Tables V–VII) while the SM predictions in the second to the last column are calculated by our code
supporting this analysis.

TABLE V. The differential branching fractions part of dataset A in the unit of GeV−2.

Observable q2 (GeV2) Experimental value This work Flavio [49]

LHCb ðBþ → Kþlþl−Þ [10]
RK [1.1, 6.0] 0.846þ0.042þ0.013

−0.039−0.012 1.000� 0.000 1.001� 0.000

108dB=dq2jðKþeþe−Þ [1.1, 6.0] 2.86þ0.15þ0.13
−0.14−0.13 3.647� 1.147 3.484� 0.647

LHCb ðB → Kð�Þlþl−Þ [11]
RK�þ [0.045, 6.0] 0.70þ0.18þ0.03

−0.13−0.04 0.974� 0.000 0.972� 0.003

RKS
[1.1, 6.0] 0.66þ0.20þ0.02

−0.14−0.04 1.000� 0.000 1.001� 0.000

108dB=dq2jðK0eþe−Þ [1.1, 6.0] 2.6þ0.6þ0.1
−0.6−0.1 3.383� 1.045 3.230� 0.531

108dB=dq2jðK�þeþe−Þ [0.045, 6.0] 9.2þ1.9þ0.8
−1.8−0.6 5.639� 1.036 6.539� 0.966

LHCb ðB0 → K�0lþl−Þ [12]
RK�0 [0.045, 1.1] 0.66þ0.11

−0.07 � 0.03 0.931� 0.000 0.925� 0.005

[1.1, 6.0] 0.69þ0.11
−0.07 � 0.05 0.996� 0.000 0.996� 0.001

(Table continued)
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TABLE V. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

Belle ðB → K�lþl−Þ [5]
RK�þ [0.045, 1.1] 0.62þ0.60

−0.36 � 0.09 0.932� 0.000 0.925� 0.005
[1.1, 6.0] 0.72þ0.99

−0.44 � 0.15 0.996� 0.000 0.996� 0.001

107BðK�þeþe−Þ [1.1, 6.0] 1.7þ1.0
−1.0 � 0.2 2.227� 0.464 2.546� 0.396

107BðK�þμþμ−Þ [1.1, 6.0] 1.2þ0.9
−0.7 � 0.2 2.219� 0.465 2.537� 0.344

RK�0 [0.045, 1.1] 0.46þ0.55
−0.27 � 0.13 0.931� 0.000 0.925� 0.004

[1.1, 6.0] 1.06þ0.63
−0.38 � 0.13 0.996� 0.000 0.996� 0.001

107BðK�0eþe−Þ [1.1, 6.0] 1.8þ0.6
−0.6 � 0.2 2.035� 0.430 2.331� 0.338

107BðK�0μþμ−Þ [1.1, 6.0] 1.9þ0.6
−0.5 � 0.3 2.028� 0.426 2.323� 0.317

Belle ðB → K�γÞ [55]
105BðK�0γÞ 4.5� 0.3� 0.2 4.146� 0.420 4.202� 0.761
105BðK�þγÞ 5.2� 0.4� 0.3 4.474� 0.454 4.271� 0.792

Belle ðBþ → Kþlþl−Þ [6]
107BðKþμþμ−Þ [0.1, 4.0] 1.76þ0.41

−0.37 � 0.04 1.444� 0.434 1.370� 0.222

107BðK0
Sμ

þμ−Þ [0.1, 4.0] 0.62þ0.30
−0.23 � 0.02 0.670� 0.202 0.635� 0.111

107BðKþeþe−Þ [0.1, 4.0] 1.80þ0.33
−0.30 � 0.05 1.446� 0.442 1.371� 0.232

107BðK0
Se

þe−Þ [0.1, 4.0] 0.38þ0.25
−0.19 � 0.01 0.671� 0.201 0.636� 0.115

RKþ [0.1, 4.0] 0.98þ0.29
−0.26 � 0.02 0.999� 0.000 0.999� 0.000

RK0
S

[0.1, 4.0] 1.62þ1.31
−1.01 � 0.02 0.999� 0.000 0.999� 0.000

107BðKþμþμ−Þ [1.0, 6.0] 2.30þ0.41
−0.38 � 0.05 1.825� 0.570 1.744� 0.268

107BðK0
Sμ

þμ−Þ [1.0, 6.0] 0.31þ0.22
−0.16 � 0.01 0.846� 0.264 0.808� 0.138

107BðKþeþe−Þ [1.0, 6.0] 1.66þ0.32
−0.29 � 0.04 1.825� 0.581 1.743� 0.308

107BðK0
Se

þe−Þ [1.0, 6.0] 0.56þ0.25
−0.20 � 0.02 0.846� 0.265 0.808� 0.132

RKþ [1.0, 6.0] 1.39þ0.36
−0.33 � 0.02 1.000� 0.000 1.001� 0.000

RK0
S

[1.0, 6.0] 0.55þ0.46
−0.34 � 0.01 1.000� 0.000 1.001� 0.000

LHCb ðBþ → Kþμþμ−Þ [13]
109dB=dq2 [1.1, 2.0] 23.3� 1.5� 1.2 37.243� 11.219 35.256� 6.385

[2.0, 3.0] 28.2� 1.6� 1.4 36.911� 11.308 35.095� 6.056
[3.0, 4.0] 25.4� 1.5� 1.3 36.540� 11.480 34.908� 6.329
[4.0, 5.0] 22.1� 1.4� 1.1 36.128� 11.715 34.689� 5.610
[5.0, 6.0] 23.1� 1.4� 1.2 35.664� 11.996 34.429� 5.908
[1.1, 6.0] 24.2� 0.7� 1.2 36.482� 11.472 34.868� 5.777

LHCb ðB0 → K0μþμ−Þ [13]
109dB=dq2 [0.1, 2.0] 12.2þ5.9

−5.2 � 0.6 34.658� 10.247 32.668� 5.650
[2.0, 4.0] 18.7þ5.5

−4.9 � 0.9 34.073� 10.450 32.448� 6.185
[4.0, 6.0] 17.3þ5.3

−4.8 � 0.9 33.283� 10.899 32.034� 6.330
[1.1, 6.0] 18.7þ3.5

−3.2 � 0.9 33.842� 10.537 32.323� 5.907

(Table continued)
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TABLE V. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

LHCb ðBþ → K�þμþμ−Þ [13]
109dB=dq2 [0.1, 2.0] 59.2þ14.4

−13.0 � 4.0 68.174� 11.994 79.748� 10.868

[2.0, 4.0] 55.9þ15.9
−14.4 � 3.8 42.981� 9.597 48.903� 7.808

[4.0, 6.0] 24.9þ11.0
−9.6 � 1.7 47.412� 9.431 54.486� 7.912

[1.1, 6.0] 36.6þ8.3
−7.6 � 2.6 45.294� 9.577 51.772� 6.759

LHCb ðB0 → K�0μþμ−Þ [14]
107dB=dq2 [0.10, 0.98] 1.016þ0.067þ0.029þ0.069

−0.073−0.029−0.069 0.881� 0.144 1.063� 0.146

[1.1, 2.5] 0.326þ0.032þ0.010þ0.022
−0.031−0.010−0.022 0.405� 0.088 0.465� 0.065

[2.5, 4.0] 0.334þ0.031þ0.009þ0.023
−0.033−0.009−0.023 0.393� 0.085 0.448� 0.062

[4.0, 6.0] 0.354þ0.027þ0.009þ0.024
−0.026−0.009−0.024 0.435� 0.085 0.500� 0.069

[1.0, 6.0] 0.342þ0.017þ0.009þ0.023
−0.017−0.009−0.023 0.414� 0.086 0.474� 0.073

CMS ðB0 → K�0μþμ−Þ [18]
108dB=dq2 [1.0, 2.0] 4.6þ0.7

−0.7 � 0.30 4.216� 0.090 4.855� 0.666

[2.0, 4.30] 3.3þ0.5
−0.5 � 0.2 3.939� 0.087 4.492� 0.684

[4.30, 6.00] 3.4þ0.5
−0.5 � 0.3 4.398� 0.086 5.056� 0.774

[1.0, 6.0] 3.6þ0.3
−0.3 � 0.2 4.151� 0.087 4.756� 0.716

LHCb ðB0
s → ϕμþμ−Þ [39]

108dB=dq2 [0.1, 0.98] 7.74� 0.53� 0.12� 0.37 10.448� 1.652 11.424� 1.236
[1.1, 2.5] 3.15� 0.29� 0.07� 0.15 4.625� 0.985 5.473� 0.610
[2.5, 4.0] 2.34� 0.26� 0.05� 0.11 4.405� 0.942 5.166� 0.662
[4.0, 6.0] 3.11� 0.24� 0.06� 0.15 4.820� 0.922 5.529� 0.788
[1.1, 6.0] 2.88� 0.15� 0.05� 0.14 4.637� 0.944 5.402� 0.559

LHCb ðΛ0
b → Λμþμ−Þ [59]

107dB=dq2 [1.1, 6.0] 0.09þ0.06þ0.01
−0.05−0.01 � 0.02 0.201� 0.064 0.136� 0.075

[0.1, 2.0] 0.36þ0.12þ0.02
−0.11−0.02 � 0.07 0.192� 0.062 0.088� 0.053

[2.0, 4.0] 0.11þ0.12þ0.01
−0.09−0.01 � 0.02 0.256� 0.066 0.128� 0.059

[4.0, 6.0] 0.02þ0.09þ0.01
−0.00−0.01 � 0.01 0.213� 0.063 0.103� 0.051

BABAR ðB → XSlþl−Þ [46]
106dBðXseþe−Þ=dq2 [1.0, 6.0] 1.93þ0.47þ0.21

−0.45−0.16 � 0.18 0.361� 0.017 0.347� 0.038

[0.1, 2.0] 3.05þ0.52þ0.29
−0.49−0.21 � 0.35 0.779� 0.038 0.656� 0.068

[2.0, 4.3] 0.69þ0.31þ0.11
−0.28−0.07 � 0.07 0.355� 0.017 0.345� 0.039

[4.3, 6.8] 0.69þ0.31þ0.13
−0.29−0.10 � 0.05 0.298� 0.014 0.294� 0.033

106dBðXsμ
þμ−Þ=dq2 [1.0, 6.0] 0.66þ0.82þ0.30

−0.76−0.24 � 0.07 0.361� 0.017 0.334� 0.032

[0.1, 2.0] 1.83þ0.90þ0.30
−0.80−0.24 � 0.20 0.782� 0.038 0.622� 0.066

[2.0, 4.3] −0.15þ0.50þ0.26
−0.43−0.14 � 0.01 0.355� 0.017 0.331� 0.033

[4.3, 6.8] 0.34þ0.54þ0.19
−0.50−0.15 � 0.03 0.298� 0.014 0.289� 0.029

LHCb ðB0 → lþl−Þ [36]
109BðB0

s → μþμ−Þ 3.09þ0.46þ0.15
−0.43−0.11 3.681� 0.020 3.672� 0.152

1010BðB0
d → μþμ−Þ 1.20þ0.83þ0.14

−0.74−0.14 0.997� 0.007 1.024� 0.073

CMS ðB0 → lþl−Þ [37]
109BðB0

s → μþμ−Þ 3.83þ0.38þ0.19þ0.14
−0.36−0.16−0.13 3.681� 0.020 3.672� 0.152

(Table continued)
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TABLE VI. The part of angular distribution observables in dataset A.

Observable q2 (GeV2) Experimental value This work Flavio [49]

LHCb ðB0
s → ϕμþμ−Þ [40]

FL [0.1, 0.98] 0.254� 0.045� 0.017 0.301� 0.060 0.345� 0.038
[1.1, 4.0] 0.723� 0.053� 0.015 0.793� 0.044 0.811� 0.021
[4.0, 6.0] 0.701� 0.050� 0.016 0.749� 0.050 0.750� 0.028
[1.1, 6.0] 0.715� 0.036� 0.013 0.774� 0.047 0.785� 0.023

LHCb ðB0 → K�0μþμ−Þ [15]
FL [1.1, 6.0] 0.700� 0.025� 0.013 0.785� 0.050 0.750� 0.040

[1.1, 2.5] 0.655� 0.046� 0.017 0.776� 0.051 0.760� 0.039
[2.5, 4.0] 0.756� 0.047� 0.023 0.826� 0.043 0.797� 0.038
[4.0, 6.0] 0.684� 0.035� 0.015 0.762� 0.054 0.712� 0.047

P1 [1.1, 6.0] −0.079� 0.159� 0.021 −0.066� 0.021 −0.113� 0.036
[1.1, 2.5] −0.617� 0.296� 0.023 −0.001� 0.001 0.024� 0.053
[2.5, 4.0] 0.168� 0.371� 0.043 −0.064� 0.021 −0.116� 0.037
[4.0, 6.0] 0.088� 0.235� 0.029 −0.103� 0.032 −0.178� 0.055

P2 [1.1, 6.0] −0.162� 0.050� 0.012 −0.014� 0.005 0.025� 0.085
[1.1, 2.5] −0.443� 0.100� 0.027 −0.452� 0.145 −0.451� 0.013
[2.5, 4.0] −0.191� 0.116� 0.043 −0.114� 0.033 −0.064� 0.101
[4.0, 6.0] 0.105� 0.068� 0.009 0.268� 0.086 0.293� 0.074

P3 [1.1, 6.0] 0.085� 0.090� 0.005 0.001� 0.0004 0.003� 0.010
[1.1, 2.5] 0.324� 0.147� 0.014 0.001� 0.001 0.004� 0.021
[2.5, 4.0] 0.049� 0.195� 0.014 0.002� 0.001 0.004� 0.010
[4.0, 6.0] −0.090� 0.139� 0.006 0.001� 0.0004 0.003� 0.017

P0
4 [1.1, 6.0] −0.298� 0.087� 0.016 −0.338� 0.090 −0.353� 0.040

[1.1, 2.5] −0.080� 0.142� 0.019 −0.056� 0.016 −0.061� 0.044
[2.5, 4.0] −0.435� 0.169� 0.035 −0.374� 0.101 −0.392� 0.044
[4.0, 6.0] −0.312� 0.115� 0.013 −0.489� 0.122 −0.503� 0.029

P0
5 [1.1, 6.0] −0.114� 0.068� 0.026 −0.406� 0.110 −0.447� 0.096

[1.1, 2.5] 0.365� 0.122� 0.013 0.208� 0.055 0.139� 0.075
[2.5, 4.0] −0.150� 0.144� 0.032 −0.451� 0.126 −0.501� 0.102
[4.0, 6.0] −0.439� 0.111� 0.036 −0.752� 0.191 −0.759� 0.069

(Table continued)

TABLE V. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

1010BðB0
d → μþμ−Þ 0.37þ0.75þ0.08

−0.67−0.09 0.997� 0.007 1.024� 0.073

Belle ðB → XsγÞ [53]

Observable Eγ (GeV) Experimental value This work Flavio [49]

104B >1.9 3.51� 0.17� 0.33
106ðEXPLT: resultÞ >1.6 375� 18� 35 296.1� 38.0 330.8� 22.9

Belle ðB → ϕγÞ [54]

Observable Experimental value This work Flavio [49]

105B 3.6� 0.5� 0.3� 0.6 3.348� 0.526 4.072� 0.510
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TABLE VI. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

P0
6 [1.1, 6.0] −0.197� 0.075� 0.009 −0.045� 0.011 −0.046� 0.117

[1.1, 2.5] −0.226� 0.128� 0.005 −0.068� 0.018 −0.069� 0.083
[2.5, 4.0] −0.155� 0.148� 0.024 −0.051� 0.013 −0.052� 0.106
[4.0, 6.0] −0.293� 0.117� 0.004 −0.028� 0.007 −0.030� 0.121

P0
8 [1.1, 6.0] −0.020� 0.089� 0.009 −0.013� 0.003 −0.015� 0.031

[1.1, 2.5] −0.366� 0.158� 0.005 −0.015� 0.004 −0.018� 0.037
[2.5, 4.0] 0.037� 0.169� 0.007 −0.016� 0.004 −0.017� 0.038
[4.0, 6.0] 0.166� 0.127� 0.004 −0.010� 0.002 −0.012� 0.032

CMS ðB0 → K�0μþμ−Þ [19]
P1 [1.0, 2.0] 0.12þ0.46

−0.47 � 0.10 0.007� 0.002 0.045� 0.053

[2.0, 4.30] −0.69þ0.58
−0.27 � 0.023 −0.059� 0.020 −0.105� 0.037

[4.30, 6.00] 0.53þ0.24
−0.33 � 0.19 −0.104� 0.033 −0.180� 0.048

P0
5 [1.0, 2.0] 0.10þ0.32

−0.31 � 0.07 0.352� 0.101 0.289� 0.061

[2.0, 4.30] −0.57þ0.34
−0.31 � 0.18 −0.398� 0.108 −0.450� 0.099

[4.30, 6.00] −0.96þ0.22
−0.21 � 0.25 −0.766� 0.191 −0.771� 0.077

CMS ðB0 → K�0μþμ−Þ [18]
FL [1.0, 2.0] 0.64þ0.10

−0.09 � 0.07 0.739� 0.057 0.724� 0.052

[2.0, 4.30] 0.80þ0.08
−0.08 � 0.06 0.822� 0.043 0.794� 0.034

[4.30, 6.00] 0.62þ0.10
−0.09 � 0.07 0.756� 0.054 0.704� 0.055

[1.0, 6.0] 0.73þ0.05
−0.05 � 0.04 0.781� 0.050 0.747� 0.042

AFB [1.0, 2.0] −0.27þ0.17
−0.40 � 0.07 −0.143� 0.038 −0.156� 0.033

[2.0, 4.30] −0.12þ0.15
−0.17 � 0.05 −0.034� 0.009 −0.026� 0.029

[4.30, 6.00] 0.01þ0.15
−0.15 � 0.03 0.100� 0.024 0.132� 0.039

[1.0, 6.0] −0.16þ0.10
−0.09 � 0.05 −0.008� 0.002 0.005� 0.030

ATLAS ðB0 → K�0μþμ−Þ [17]
FL [2.0, 4.0] 0.64þ0.11

−0.11 � 0.05 0.825� 0.042 0.799� 0.036

[4.0, 6.0] 0.42þ0.13
−0.13 � 0.12 0.762� 0.053 0.712� 0.048

[1.1, 6.0] 0.56þ0.07
−0.07 � 0.06 0.785� 0.050 0.750� 0.038

P1 [2.0, 4.0] −0.78þ0.51
−0.51 � 0.34 −0.053� 0.018 −0.095� 0.039

[4.0, 6.0] 0.14þ0.43
−0.43 � 0.26 −0.103� 0.033 −0.178� 0.051

[1.1, 6.0] −0.17þ0.31
−0.31 � 0.13 −0.066� 0.022 −0.113� 0.033

P0
4 [2.0, 4.0] −0.76þ0.31

−0.31 � 0.21 −0.330� 0.088 −0.347� 0.044
[4.0, 6.0] 0.64þ0.33

−0.33 � 0.18 −0.489� 0.125 −0.503� 0.028

[1.1, 6.0] 0.05þ0.22
−0.22 � 0.14 −0.338� 0.088 −0.353� 0.034

P0
5 [2.0, 4.0] −0.33þ0.31

−0.31 � 0.13 −0.353� 0.096 −0.410� 0.107

[4.0, 6.0] 0.26þ0.35
−0.35 � 0.18 −0.752� 0.196 −0.759� 0.082

[1.1, 6.0] 0.01þ0.21
−0.21 � 0.08 −0.406� 0.108 −0.447� 0.092

P0
6 [2.0, 4.0] 0.31þ0.28

−0.28 � 0.19 −0.055� 0.014 −0.056� 0.099

[4.0, 6.0] 0.06þ0.27
−0.27 � 0.13 −0.028� 0.006 −0.030� 0.129

[1.1, 6.0] 0.03þ0.17
−0.17 � 0.12 −0.045� 0.011 −0.046� 0.088

(Table continued)
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TABLE VI. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

P0
8 [2.0, 4.0] 1.07þ0.41

−0.41 � 0.39 −0.016� 0.004 −0.018� 0.037

[4.0, 6.0] −0.24þ0.42
−0.42 � 0.09 −0.010� 0.002 −0.012� 0.032

[1.1, 6.0] 0.23þ0.28
−0.28 � 0.20 −0.013� 0.003 −0.015� 0.037

Belle ðB0 → K�0eþe−Þ [7]
Pμ0
4

[1.0, 6.0] −0.22þ0.35
−0.34 � 0.15 −0.326� 0.086 −0.341� 0.045

[0.10, 4.00] −0.38þ0.50
−0.48 � 0.12 −0.026� 0.008 −0.028� 0.030

[4.00, 8.00] −0.07þ0.32
−0.31 � 0.07 −0.503� 0.124 −0.518� 0.026

Pe0
4

[1.0, 6.0] −0.72þ0.40
−0.39 � 0.06 −0.323� 0.093 −0.338� 0.037

[0.10, 4.00] 0.34þ0.41
−0.45 � 0.11 −0.004� 0.002 −0.004� 0.030

[4.00, 8.00] −0.52þ0.24
−0.22 � 0.03 −0.503� 0.124 −0.518� 0.021

Pμ0
5

[1.0, 6.0] 0.43þ0.26
−0.28 � 0.10 −0.382� 0.104 −0.423� 0.082

[0.10, 4.00] 0.42þ0.39
−0.39 � 0.14 0.205� 0.061 0.156� 0.064

[4.00, 8.00] −0.03þ0.31
−0.30 � 0.09 −0.802� 0.198 −0.795� 0.070

Pe0
5

[1.0, 6.0] −0.22þ0.39
−0.41 � 0.03 −0.375� 0.107 −0.416� 0.092

[0.10, 4.00] 0.51þ0.39
−0.46 � 0.09 0.219� 0.063 0.174� 0.063

[4.00, 8.00] −0.52þ0.28
−0.26 � 0.03 −0.799� 0.197 −0.792� 0.057

Q4

[1.0, 6.0] 0.498þ0.527
−0.527 � 0.166 −0.003� 0.127 −0.003� 0.0002

[0.10, 4.00] −0.723þ0.676
−0.676 � 0.163 −0.022� 0.008 −0.024� 0.003

[4.00, 8.00] 0.448þ0.392
−0.392 � 0.076 −0.000� 0.175 −0.000� 0.000

Q5

[1.0, 6.0] 0.656þ0.485
−0.485 � 0.103 −0.007� 0.149 −0.007� 0.001

[0.10, 4.00] −0.097þ0.601
−0.601 � 0.164 −0.014� 0.088 −0.018� 0.006

[4.00, 8.00] 0.498þ0.410
−0.410 � 0.095 −0.003� 0.279 −0.003� 0.000

LHCb ðBþ → K�þμþμ−Þ [16]
FL [1.1, 2.5] 0.54þ0.18

−0.19 � 0.03 0.784� 0.049 0.768� 0.041

[2.5, 4.0] 0.17þ0.24
−0.14 � 0.04 0.829� 0.042 0.800� 0.034

[4.0, 6.0] 0.67þ0.11
−0.14 � 0.03 0.764� 0.053 0.714� 0.051

[1.1, 6.0] 0.59þ0.10
−0.10 � 0.03 0.788� 0.049 0.754� 0.038

P1 [1.1, 2.5] 1.60þ4.92
−1.75 � 0.32 −0.001� 0.0004 0.022� 0.049

[2.5, 4.0] −0.29þ1.43
−1.04 � 0.22 −0.064� 0.021 −0.118� 0.036

[4.0, 6.0] −1.24þ0.99
−1.17 � 0.29 −0.102� 0.032 −0.178� 0.049

[1.1, 6.0] −0.51þ0.56
−0.54 � 0.08 −0.066� 0.022 −0.115� 0.032

P2 [1.1, 2.5] −0.28þ0.24
−0.42 � 0.15 −0.453� 0.154 −0.451� 0.016

[2.5, 4.0] 0.03þ0.26
−0.25 � 0.11 −0.109� 0.033 −0.055� 0.107

[4.0, 6.0] −0.15þ0.19
−0.20 � 0.06 0.268� 0.087 0.295� 0.064

[1.1, 6.0] −0.13þ0.13
−0.13 � 0.05 −0.011� 0.005 0.032� 0.080

P3 [1.1, 2.5] −0.09þ0.70
−0.99 � 0.18 0.001� 0.0004 0.004� 0.021

[2.5, 4.0] −0.45þ0.50
−0.62 � 0.20 0.002� 0.0005 0.004� 0.011

[4.0, 6.0] 0.52þ0.82
−0.62 � 0.15 0.001� 0.0004 0.003� 0.014

[1.1, 6.0] 0.12þ0.27
−0.28 � 0.04 0.001� 0.0004 0.003� 0.010

(Table continued)
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TABLE VII. The updated components related to LHCb new results in dataset B, where the branching fractions are in the unit of
GeV−2.

LHCb ðB → Kð�Þlþl−Þ [20]
Observable q2 (GeV2) Experimental value This work Flavio [49]

RK [0.1, 1.1] 0.994þ0.090þ0.029
−0.082−0.027 0.994� 0.000 0.993� 0.000

RK [1.1, 6.0] 0.949þ0.042þ0.022
−0.041−0.022 1.000� 0.000 1.001� 0.000

RK� [0.1, 1.1] 0.927þ0.093þ0.036
−0.087−0.035 0.983� 0.000 0.983� 0.001

RK� [1.1, 6.0] 1.027þ0.072þ0.027
−0.068−0.026 0.996� 0.000 0.996� 0.001

109dBðKþeþe−Þ=dq2 [1.1, 6.0] 25.5þ1.3
−1.2 � 1.1 36.474� 11.5 34.841� 6.065

109dBðK�0eþe−Þ=dq2 [1.1, 6.0] 33.3þ2.7
−2.6 � 2.2 41.541� 8.73 47.580� 7.031

TABLE VI. (Continued)

Observable q2 (GeV2) Experimental value This work Flavio [49]

P0
4 [1.1, 2.5] 0.58þ0.62

−0.56 � 0.11 −0.052� 0.015 −0.063� 0.043

[2.5, 4.0] −0.81þ1.09
−0.84 � 0.14 −0.371� 0.098 −0.391� 0.044

[4.0, 6.0] −0.79þ0.47
−0.28 � 0.09 −0.487� 0.120 −0.502� 0.027

[1.1, 6.0] −0.41þ0.28
−0.28 � 0.07 −0.335� 0.096 −0.353� 0.042

P0
5 [1.1, 2.5] 0.88þ0.70

−0.71 � 0.10 0.180� 0.050 0.113� 0.113

[2.5, 4.0] −0.87þ1.00
−1.68 � 0.09 −0.467� 0.125 −0.517� 0.098

[4.0, 6.0] −0.25þ0.32
−0.40 � 0.09 −0.756� 0.187 −0.764� 0.083

[1.1, 6.0] −0.07þ0.25
−0.25 � 0.04 −0.421� 0.123 −0.461� 0.086

P0
6 [1.1, 2.5] 0.25þ1.22

−1.32 � 0.08 −0.059� 0.017 −0.054� 0.083

[2.5, 4.0] −0.37þ1.59
−3.91 � 0.05 −0.049� 0.012 −0.044� 0.102

[4.0, 6.0] −0.09þ0.40
−0.41 � 0.05 −0.029� 0.007 −0.028� 0.113

[1.1, 6.0] −0.21þ0.23
−0.23 � 0.04 −0.043� 0.012 −0.039� 0.092

P0
8 [1.1, 2.5] 0.12þ0.75

−0.76 � 0.05 −0.021� 0.005 −0.027� 0.040

[2.5, 4.0] 0.12þ7.89
−4.95 � 0.07 −0.016� 0.004 −0.018� 0.034

[4.0, 6.0] −0.15þ0.44
−0.48 � 0.05 −0.011� 0.002 −0.011� 0.033

[1.1, 6.0] 0.03þ0.26
−0.28 � 0.06 −0.015� 0.004 −0.017� 0.036

LHCb ðB0 → K�0eþe−Þ [38]
FL [0.0008, 0.257] 0.044� 0.026� 0.014 0.077� 0.026 0.050� 0.013

Aℜ
T [0.0008, 0.257] −0.06� 0.08� 0.02 −0.032� 0.012 −0.024� 0.001

A2
T [0.0008, 0.257] 0.11� 0.10� 0.02 −0.000� 0.000 −0.002� 0.021

Aℑ
T [0.0008, 0.257] 0.02� 0.10� 0.01 0.001� 0.000 0.032� 0.020

LHCb ðB0
s → ϕγÞ [56]

Sϕγ 0.43� 0.30� 0.11 0.001� 0.000 −0.000� 0.0002
ACP 0.11� 0.29� 0.11 0.000� 0.000 0.004� 0.002
AΔΓ −0.67þ0.37

−0.41 � 0.17 0.029� 0.000 0.031� 0.020
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