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Lepton flavour and new physics 
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- Standard Model: leptons behave equally


- Recently, deviations between  
electrons, muons, tau are seen 
—> Lepton Flavour violation 
—> Lepton non-universality


- Explanation: LeptoQuarks?


- Challenge: electrons are difficult to reconstruct 
(Bremsstrahlung) 
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The LHCb detector
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Particle ID 
~97% lepton ID rate 

  at ~1-3% pion misID

VELO 
σIP = (15 + 29/pT) µm

Tracking 
σP/p = (0.4-0.6)%

ECAL 

σE/E ~ 10% / √E ⊕ 1%

MUON 
trigger eff. > 90%  
for pT > 5 GeV/c2
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A wealth of results
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  Decay rate is consistently low: 
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Figure 5: Di↵erential branching fraction of B0! K⇤(892)0µ+µ� decays as a function of q2. The
data are overlaid with the SM prediction from Refs. [48,49]. No SM prediction is included in the
region close to the narrow cc̄ resonances. The result in the wider q2 bin 15.0 < q2 < 19.0GeV2/c4

is also presented. The uncertainties shown are the quadratic sum of the statistical and systematic
uncertainties, and include the uncertainty on the B0! J/ K⇤0 and J/ ! µ+µ� branching
fractions.

Table 2: Di↵erential branching fraction of B0! K⇤(892)0µ+µ� decays in bins of q2. The first
uncertainty is statistical, the second systematic and the third due to the uncertainty on the
B0! J/ K⇤0 and J/ ! µ+µ� branching fractions.

q2 bin (GeV2/c4) dB/dq2 ⇥ 10�7 (c4/GeV2)

0.10 < q2 < 0.98 1.016+0.067
�0.073 ± 0.029± 0.069

1.1 < q2 < 2.5 0.326+0.032
�0.031 ± 0.010± 0.022

2.5 < q2 < 4.0 0.334+0.031
�0.033 ± 0.009± 0.023

4.0 < q2 < 6.0 0.354+0.027
�0.026 ± 0.009± 0.024

6.0 < q2 < 8.0 0.429+0.028
�0.027 ± 0.010± 0.029

11.0 < q2 < 12.5 0.487+0.031
�0.032 ± 0.012± 0.033

15.0 < q2 < 17.0 0.534+0.027
�0.037 ± 0.020± 0.036

17.0 < q2 < 19.0 0.355+0.027
�0.022 ± 0.017± 0.024

1.1 < q2 < 6.0 0.342+0.017
�0.017 ± 0.009± 0.023

15.0 < q2 < 19.0 0.436+0.018
�0.019 ± 0.007± 0.030
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-  Large amount of LHCb rare decays publications

- Decay rates are consistently low

- Should we get excited? Niels Tuning, Nikhef Seminar, 8 May 2020

http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary_RD.html
https://indico.nikhef.nl/event/2253/material/slides/0.pdf
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B(s) → 2 leptons

6

 

- b → sll transitions in two-body decays: 
extremely suppressed! 
 
 

- Sensitive to (pseudo)scalar and axial vector (C10) contributions

Theory
• Pure leptonic decays  are even rarer in the SM due to helicity suppression


• 


• 


• SM prediction:


• 


•

B0
s → ℓ+ℓ−

ℬ ∝ |VtbVtq |2 [(1 −
4m2

μ

M2
B

) |CS − C′ 

S |2 + | (CP − C′ 

P) +
2mμ

MB
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10) |2 ]
ℬ ∝ const ×

ℬ(B0
s → μ+μ−) = (3.66 ± 0.14) × 10−9

ℬ(B0 → μ+μ−) = (1.03 ± 0.05) × 10−10
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In Fig.1 (right), the green dashed bump slightly left of the Bs signal peak hints at the even rarer decay of Bd to two 
muons. A first observation of this extremely rare process is the goal for the next run. This highly anticipated result 
comes with the world's first measurement of the ratio of the decay rates of the Bd and Bs, which provides additional 
information on the properties of the new particles involved [12,13]. 
 
In order to collect more data and at a higher rate, the LHCb experiment is currently undergoing an upgrade [14]. With 
this Veni, I will lead the flagship analysis of the Bd- and Bs decays to two muons using the data taken with the upgraded 
detector. In addition, I will take a leading role in the preparation of the upgraded detector for collecting these decays. 
My experience with operating the tracking detector during phase-1 and writing the simulation software for the 
upgraded tracker, my experience with machine learning applications, and my expertise from the phase-1 data analysis 
of B to two muon decays, puts me in a unique position to accomplish this challenge. 
 
The flavour anomalies and electrons 
 
The decays of B to two leptons (muons or electrons) belongs to the family of b->sll transitions, a topic in which a lot of 
excitement in the community has occurred in the last years. Intriguing measurements include the ratio of decays 
involving a kaon and two muons or electrons (RK, RK*). Fig. 3 (right) displays the model-independent combination of 
these so-called 'flavour anomaly' measurements, compared to the standard model predictions - which lie more than 3 
standard deviations away [5].  
 
The decays of Bs mesons to two leptons (indicated in grey in Fig. 3) has a unique sensitivity to the exact type of new 
particles - (axial) vector or scalar - that could play a role in these processes [9]. In the scenario that the new particles 
are of scalar form, helicity suppression is lifted and it is actually the decay of B to two electrons that is the most 
sensitive probe. Taking into account recent experimental constraints [2], this can result in a probability for the decay of 
Bs to two electrons that is as large as that of the recently observed decay to two muons (Fig.3, left).  
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Fig. 2: Example of two Feynman diagrams contributing to the decay of B to two muons. Standard model particles are 
indicated in black, while potential contributions from new particles are indicated in red. 
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B. Fits to RK , RK⇤ and Bs ! µµ

We now add BR(Bs ! µµ) to the data set.4 It is theoretically similarly clean to the LUV observables, with NNLO QCD
and NLO electroweak corrections known [53], and the sole hadronic parameter, the decay constant fBs , having been precisely
computed by different lattice QCD collaborations [54]. To simplify the fit, we consider the ratio

R =
BR(Bs ! µµ)

BR(Bs ! µµ)SM
=

����
Cµ

10

CSM
10

����
2

, (16)

in which theory uncertainties cancel and which, among the set (C`
9, C

`
10), only depends on the coefficient Cµ

10, such that it is
natural to add it to the fit of muon-specific Wilson coefficients. The experimental value is Rexp = 0.83(16), where the results
from CMS and LHCb including run I and run II data are averaged as in ref. [55]. The error includes, in quadrature, the theory
uncertainty on the SM rate, which is small compared to the experimental ones.

Including R increases the SM p-value marginally to 3.7 10�4 (3.56�). We next perform the same fits as in the previous
subsection, but to the extended data set. The results are shown in Tab. III and, for the fit of (�Cµ

9 , �C
µ
10) fit, in Fig. 4.

TABLE III: Best fit values, goodness of fit, SM exclusion level, and confidence intervals for fits of single or pairs of Wilson coefficient, to
RK , RK⇤ and Bs ! µ+µ� data, similar to Table II.

Coeff. best fit �2
min p-value SM exclusion [�] 1� range 3� range

�Cµ
9 -1.64 5.65 0.130 3.87 [-2.31, -1.12] [<-4, -0.31]

�Cµ
10 0.91 4.98 0.173 3.96 [0.66, 1.18] [0.20, 1.85]

�Cµ
L -0.61 3.36 0.339 4.16 [-0.78, -0.46] [-1.14, -0.16]

Coeff. best fit �2
min p-value SM exclusion [�] parameter ranges

(�Cµ
9 , �C

µ
10) (-0.76, 0.54) 3.31 0.191 3.76 Cµ

9 2 [-1.50, -0.16] Cµ
10 2 [0.18, 0.92]

FIG. 4: Fits to RK , RK⇤ and BR(Bs ! µµ). The band for RK⇤ includes only the [1.1,6] GeV2 bin

Again, all four scenarios considered provide good fits. The main impact on the two-parameter fit is that the allowed region is
narrowed down considerably, with large positive correlated values of �Cµ

9 and �Cµ
10 no longer allowed. We note, in particular,

4 The overline refers to the fact that the experiments access the time-integrated branching ratio, which depends on the details of BsB̄s mixing [52].

Fig.3: (left) Illustration of the Bs -> l+l- branching ratios from Ref.[2]. Current experimental status is in blue, while new 
theoretical possibilities are highlighted in red. (right) Bounds on new particles in vector (δC9) or axial vector (δC10) 
contributions, from experimental results of b->sll transitions [5]. The (0,0) point indicates the standard model expectation, 
while the orange (red) mass represents the average of flavour anomaly measurements at 1 (3) sigma significance. 

arXiv:1704.05446 (2017)
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Fig. 2: Example of two Feynman diagrams contributing to the decay of B to two muons. Standard model particles are 
indicated in black, while potential contributions from new particles are indicated in red. 
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Bs → e+e- even  
more suppressed!

helicity suppression!

Peter Stangl, La Thuile 2021
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- B-decays to two leptons are an ideal laboratory to search for new physics


- Full LHCb Run1+2 analysis of B(s) → 𝜇+𝜇- presented


- Strong limit on Bd → 𝜇+𝜇-


- First search for Bs → 𝜇+𝜇-𝛾 (ISR) 

- Most precise measurement of  

Bs → 𝜇+𝜇- effective lifetime


- Looking forward to CMS and Atlas 
full Run1+2 dataset results!
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Figure 1: Mass distribution of the selected B0
(s)! µ+µ� candidates (black dots) with BDT > 0.5.

The result of the fit is overlaid and the di↵erent components are detailed: B0
s ! µ+µ� (red solid

line), B0! µ+µ� (green solid line), B0
s ! µ+µ�� (violet solid line), combinatorial background

(blue dashed line), B0
(s) ! h+h0� (magenta dashed line), B0 ! ⇡�µ+⌫µ, B0

s ! K�µ+⌫µ,

B+
c ! J/ µ+⌫µ and ⇤0

b
! pµ�⌫µ (orange dashed line), and B0(+)! ⇡0(+)µ+µ� (cyan dashed

line). The solid bands around the signal shapes represent the variation of the branching fractions
by its total uncertainty.

In order to determine the B0
s
! µ+µ� e↵ective lifetime the data are divided into two229

BDT regions [0.35, 0.55] and [0.55, 1.00], whose boundaries are optimised to achieve the230

lowest uncertainty. Fits are performed to the dimuon-mass distribution in each BDT231

bin in order to extract background-subtracted decay time distributions using the sPlot232

technique [53]. The mass fits used in the background subtraction include B0
s
! µ+µ�

233

and combinatorial background components, where the signal is modelled with the same234

function as in the branching fraction analysis and the background with exponential235

functions, with freely-floating slope parameters in each BDT bin. The correlation between236

the reconstructed mass and the reconstructed decay time of the selected candidates is237

consistent with zero in both data and simulation, as required by the sPlot technique.238

A simultaneous fit is then performed to the two background-subtracted decay-time239

distributions, where each distribution is modelled by a single exponential multiplied by240

an acceptance function that models the decay time dependence of the reconstruction241

and selection e�ciency. The acceptance functions are determined in each BDT region242

by fitting parametric functions to the e�ciency distributions of simulated B0
s
! µ+µ�

243

decays that have been weighted in order to improve the agreement with the data. The244

correction for the acceptance is validated by measuring the lifetimes of B0! K+⇡� and245
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B(s) → e+e-                                           B(s) → 𝜏+𝜏-
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Phys. Rev. Lett. 118, 251802 (2017)
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Figure 1: Simultaneous fit to the dielectron invariant-mass distribution, with B(B0
! e+e�)

fixed to zero. The sum of bremsstrahlung categories is shown for (left) Run 1 and (right) Run 2.
The relative proportions of background contributions change between Run 1 and Run 2 due to
di↵erent performances of the particle identification algorithms and BDT selections.

the background composition are due to the imprecise knowledge of the branching fractions
of the background components. The largest uncertainty of this type on the expected
background yield in the B-mass region is 14%. Taking all correlations into account,
overall single event sensitivities of (4.71± 0.12(stat.)± 0.33(syst.))⇥ 10�10 for B0

s ! e+e�

and (1.271± 0.034(stat.)± 0.063(syst.))⇥ 10�10 are obtained.
The dielectron invariant-mass spectrum, summed over bremsstrahlung categories, is

shown in Fig. 1, with the result of the B0
s ! e+e� fit. The individual categories are

shown in the Supplemental Material [40], as well as the distributions with the result of the
B0

! e+e� fit. The measured branching fractions are B(B0
s ! e+e�) = (2.4± 4.4)⇥ 10�9

and B(B0
! e+e�) = (0.30± 1.29)⇥ 10�9, where the uncertainties include both statistical

and systematic components. The results are in agreement with the background-only
hypothesis.

Upper limits on the branching fractions are set using the CLs method [41], as im-
plemented in the GammaCombo framework [42,43] with a one-sided profile likelihood
ratio [44] as test statistic. The likelihoods are computed from fits to the invariant-mass
distributions. In the fits, the normalization factor, normalization mode branching fraction,
fragmentation fraction ratio, and background yields are Gaussian constrained to their
expected values within statistical and systematic uncertainties. Pseudoexperiments, in
which the nuisance parameters are set to their fitted values from data, are used for the
evaluation of the test statistic.

The expected and observed CLs distributions are shown in Fig. 2. The upper observed
limits are B(B0

s ! e+e�) < 9.4 (11.2) ⇥ 10�9 and B(B0
! e+e�) < 2.5 (3.0) ⇥ 10�9

at 90 (95)% confidence level. These are consistent with the expected upper limits of
B(B0

s ! e+e�) < 7.0 (8.6)⇥ 10�9 and B(B0
! e+e�) < 2.0 (2.5)⇥ 10�9 at 90 (95)% con-

fidence level, obtained as the median of limits determined on background-only pseudoex-
periments.

In conclusion, a search for the rare decays B0
(s)! e+e� is performed using data from

proton-proton collisions recorded with the LHCb experiment, corresponding to a total
integrated luminosity of 5 fb�1. No excess of events is observed over the background.
The resulting limits on the branching fractions are B(B0

s ! e+e�) < 9.4 (11.2)⇥ 10�9
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Figure 1: Simultaneous fit to the dielectron invariant-mass distribution, with B(B0
! e+e�)

fixed to zero. The sum of bremsstrahlung categories is shown for (left) Run 1 and (right) Run 2.
The relative proportions of background contributions change between Run 1 and Run 2 due to
di↵erent performances of the particle identification algorithms and BDT selections.

the background composition are due to the imprecise knowledge of the branching fractions
of the background components. The largest uncertainty of this type on the expected
background yield in the B-mass region is 14%. Taking all correlations into account,
overall single event sensitivities of (4.71± 0.12(stat.)± 0.33(syst.))⇥ 10�10 for B0

s ! e+e�

and (1.271± 0.034(stat.)± 0.063(syst.))⇥ 10�10 are obtained.
The dielectron invariant-mass spectrum, summed over bremsstrahlung categories, is

shown in Fig. 1, with the result of the B0
s ! e+e� fit. The individual categories are

shown in the Supplemental Material [40], as well as the distributions with the result of the
B0

! e+e� fit. The measured branching fractions are B(B0
s ! e+e�) = (2.4± 4.4)⇥ 10�9

and B(B0
! e+e�) = (0.30± 1.29)⇥ 10�9, where the uncertainties include both statistical

and systematic components. The results are in agreement with the background-only
hypothesis.

Upper limits on the branching fractions are set using the CLs method [41], as im-
plemented in the GammaCombo framework [42,43] with a one-sided profile likelihood
ratio [44] as test statistic. The likelihoods are computed from fits to the invariant-mass
distributions. In the fits, the normalization factor, normalization mode branching fraction,
fragmentation fraction ratio, and background yields are Gaussian constrained to their
expected values within statistical and systematic uncertainties. Pseudoexperiments, in
which the nuisance parameters are set to their fitted values from data, are used for the
evaluation of the test statistic.

The expected and observed CLs distributions are shown in Fig. 2. The upper observed
limits are B(B0

s ! e+e�) < 9.4 (11.2) ⇥ 10�9 and B(B0
! e+e�) < 2.5 (3.0) ⇥ 10�9

at 90 (95)% confidence level. These are consistent with the expected upper limits of
B(B0

s ! e+e�) < 7.0 (8.6)⇥ 10�9 and B(B0
! e+e�) < 2.0 (2.5)⇥ 10�9 at 90 (95)% con-

fidence level, obtained as the median of limits determined on background-only pseudoex-
periments.

In conclusion, a search for the rare decays B0
(s)! e+e� is performed using data from

proton-proton collisions recorded with the LHCb experiment, corresponding to a total
integrated luminosity of 5 fb�1. No excess of events is observed over the background.
The resulting limits on the branching fractions are B(B0

s ! e+e�) < 9.4 (11.2)⇥ 10�9
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fixed to zero. The sum of bremsstrahlung categories is shown for (left) Run 1 and (right) Run 2.
The relative proportions of background contributions change between Run 1 and Run 2 due to
di↵erent performances of the particle identification algorithms and BDT selections.

the background composition are due to the imprecise knowledge of the branching fractions
of the background components. The largest uncertainty of this type on the expected
background yield in the B-mass region is 14%. Taking all correlations into account,
overall single event sensitivities of (4.71± 0.12(stat.)± 0.33(syst.))⇥ 10�10 for B0

s ! e+e�

and (1.271± 0.034(stat.)± 0.063(syst.))⇥ 10�10 are obtained.
The dielectron invariant-mass spectrum, summed over bremsstrahlung categories, is

shown in Fig. 1, with the result of the B0
s ! e+e� fit. The individual categories are

shown in the Supplemental Material [40], as well as the distributions with the result of the
B0

! e+e� fit. The measured branching fractions are B(B0
s ! e+e�) = (2.4± 4.4)⇥ 10�9

and B(B0
! e+e�) = (0.30± 1.29)⇥ 10�9, where the uncertainties include both statistical

and systematic components. The results are in agreement with the background-only
hypothesis.

Upper limits on the branching fractions are set using the CLs method [41], as im-
plemented in the GammaCombo framework [42,43] with a one-sided profile likelihood
ratio [44] as test statistic. The likelihoods are computed from fits to the invariant-mass
distributions. In the fits, the normalization factor, normalization mode branching fraction,
fragmentation fraction ratio, and background yields are Gaussian constrained to their
expected values within statistical and systematic uncertainties. Pseudoexperiments, in
which the nuisance parameters are set to their fitted values from data, are used for the
evaluation of the test statistic.

The expected and observed CLs distributions are shown in Fig. 2. The upper observed
limits are B(B0

s ! e+e�) < 9.4 (11.2) ⇥ 10�9 and B(B0
! e+e�) < 2.5 (3.0) ⇥ 10�9

at 90 (95)% confidence level. These are consistent with the expected upper limits of
B(B0

s ! e+e�) < 7.0 (8.6)⇥ 10�9 and B(B0
! e+e�) < 2.0 (2.5)⇥ 10�9 at 90 (95)% con-

fidence level, obtained as the median of limits determined on background-only pseudoex-
periments.

In conclusion, a search for the rare decays B0
(s)! e+e� is performed using data from

proton-proton collisions recorded with the LHCb experiment, corresponding to a total
integrated luminosity of 5 fb�1. No excess of events is observed over the background.
The resulting limits on the branching fractions are B(B0

s ! e+e�) < 9.4 (11.2)⇥ 10�9
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- 5.0 fb-1 dataset 
- Main challenge: electron Bremsstrahlung

B(B0
s ! ⌧+⌧�) < 6.8⇥ 10�3

B(B0 ! ⌧+⌧�) < 2.1⇥ 10�3

- 3.0 fb-1 dataset 
- Main challenge: Tau reconstruction (3𝜋)

https://doi.org/10.1103/PhysRevLett.118.251802
https://doi.org/10.1103/PhysRevLett.124.211802
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Figure 1: Likelihood contours of the global fit and several fits to subsets of observables (see

text for details) in the plane of the WET Wilson coe�cients Cbsµµ

9 and Cbsµµ

10 (left),

and Cbsµµ

9 and C 0bsµµ
9 (right). Solid (dashed) contours include (exclude) the Moriond-

2019 results for RK and RK⇤ . As RK only constrains a single combination of Wilson
coe�cients in the right plot, its 1� contour corresponds to ��2 = 1. For the other
fits, 1 and 2� contours correspond to ��2

⇡ 2.3 and 6.2, respectively.

RK > RK⇤ . This scenario cannot address the tension in BR(Bs ! µ+µ�). It predicts
BR(Bs ! µ+µ�) = BR(Bs ! µ+µ�)SM.

Other two-coe�cient scenarios (including dipole coe�cients, scalar coe�cients, and electron
specific semileptonic coe�cients) are discussed in appendix E.

3.1.3. Universal vs. non-universal Wilson coe�cients

In view of the updated R
K(⇤) measurements, which are closer to the SM prediction than

the Run-1 results, our fit in Cbsµµ

9 and Cbsµµ

10 shows a tension between the fit to NCLFU

observables and the fit to b ! sµµ ones, especially in the Cbsµµ

9 direction. Therefore, it
is interesting to investigate whether lepton flavour universal new physics that mostly a↵ects
b ! sµµ observables but none of the NCLFU observables is preferred by the global analysis.
In Fig. 2 we show the likelihood in the space of a LFU contribution to C9 vs. a purely muonic
contribution to the linear combination C9 = �C10, i.e. we consider a two-parameter scenario
where the total NP Wilson coe�cients are given by5

Cbsµµ

9 = �Cbsµµ

9 + Cuniv.
9 , (14)

Cbsee

9 = Cbs⌧⌧

9 = Cuniv.
9 , (15)

Cbsµµ

10 = ��Cbsµµ

9 , (16)

Cbsee

10 = Cbs⌧⌧

10 = 0 . (17)

5Such decomposition was adopted for the first time in [70].
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FIG. 1. From left to right: Allowed regions in the (CNP
9µ , CNP

10µ), (CNP
9µ , C90µ) and (CNP

9µ , CNP
9e ) planes for the corresponding 2D

hypotheses, using all available data (fit “All”) upper row or LFUV fit lower row.

FIG. 2. Preferred regions (at the 1, 2 and 3� level) for the Lµ � L⌧ model of Ref. [17] from b ! s`+`� data (green) in the

(mQ, mD) plane with Y D,Q = 1. The contour lines denote the predicted values for R[1.1,6]
K (red, dashed) and R[1.1,6]

K⇤ (blue,
solid).

Algueró, Capdevila, Crivellin, Descotes-Genon, 
Masjuan, Matias, Brunet, Virto,  

Eur. Phys. J. C79 (2019) 714, update 04/2020

SM

III. GLOBAL FIT

In Table III, the global one-operator fits to NP are
given where all the relevant data on b → s transitions
are considered.3 In Fig. 3, the two operator fits for
fCe

9; C
μ
9g, fC

μ
10; C

μ
9g, and fCμ

10; C
e
10g (the same set as in

Fig. 2) can be seen. Moreover, the fits for fCμ
LL; C9g and

fCe
LL; C9g are given which are also motivated for model

building (e.g., see Ref. [17]). These fits are always done
under the assumption of 10% power corrections in the
angular observables. Compared with our previous analysis
in Ref. [2] the NP significance in the one- and also in the
two-operator fits is reduced by at least 0.5σ. Only in cases
of flavor-symmetric C9 and C10 which are independent
from the changes in the ratios one finds the same NP
significance as expected.
The observables Bs;d → μþμ− are usually used to

strongly constrain NP effects in scalar and pseudoscalar
operators. As a consequence, a general usage is to consider
the contributions from the scalar and pseudoscalar Wilson
coefficients as vanishingly small. However, as mentioned in
Ref. [2], this is only valid when the relation between the
scalar and pseudoscalar operators (CQ1

¼ −CQ2
) is

assumed, which breaks the possible degeneracy between
CQ2

and C10 and allows for strong constraints on CQ1;2
.

In general scenarios, CQ2
and C10 can have simultaneously

large values which compensates, while indeed CQ1
is rather

constrained (for more details see Ref. [2]). Since beyond
simplified NP models, there can be scenarios which
contain various new particles and several new couplings
we also perform a multidimensional fit in Table IV
where all the relevant Wilson coefficients which
amounts to 20 coefficients are modified.4 We note that
large contributions to the electron Wilson coefficients
are mostly driven by the ratios as there are few
measurements on purely electron observables.
Finally, we note that there have been other model-

independent analyses presented recently which update
previous analyses [1,2,18–22] based on the new exper-
imental data. We find small differences with these updated
analyses [22–27] only in the NP significances. This can be
explained by the different choices of bins in the new Belle
measurement and by slightly different treatments of power
corrections and of form factors.
In summary, the overall picture of the b → s anomalies

remains the same as before taking into account the new
results from LHCb, Belle, and ATLAS on RK, RK# , and
Bs → μþμ−. Although, the significance of the new physics
description of the RK

ð#Þ data is now reduced by more than
half a σ. Nevertheless, the future measurements of these
theoretically very clean ratios and similar observables
which are sensitive to lepton flavor nonuniversality have
a great potential to unambiguously establish lepton non-
universal new physics.

FIG. 3. Two operator fits to NP, considering all observables (with the assumption of 10% power corrections). PullSM in the fCe
9; C

μ
9g,

fCμ
10; C

μ
9g, fCe

10; C
μ
10g fits are 4.9; 4.9; 3.2σ, respectively. PullSM for the fCe

LL; C9g and fC
μ
LL; C9g fits of the lower row are 5.0 and 4.8σ,

respectively.

3This table includes updated results of Table 5 in Ref. [2]. 4This table updates the results given in Table 8 of Ref. [2].
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Combinations

9

Model independent fits to O(170) measurements 
- C9NP deviates from 0 by > 4σ 
- Many independent fits seem to favour C9NP = -1 
- Vector Leptoquarks? Z’?  —> Many models!  (see e.g. talk by Geng CHEN, ICHEP 2018)

Aebischer, Altmannshofer, Guadagnoli, Reboud, 
Stangl, Straub,  

Eur. Phys. J. C80 (2020) 252

SM

Arbey, Hurth, Mahmoudi, Martínez Santos, Neshatpour,  
Phys. Rev. D100 (2019) 015045

SM
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