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1. Introduction

Since the discovery of the Higgs boson [1, 2], the experimental efforts at the LHC have been
focused on the measurements of its characteristics. At the same time, many well-known problems
remain, and call for new physics (NP) scenarios.
Rare decays are highly sensitive to contributions from NP, making them an ideal field for Beyond
the Standard Model (BSM) studies. The Large Hadron Collider (LHC) allows to probe the effects
of new mediators like leptoquarks or heavy bosons [3], which could manifest as an increase of the
decay probability of SM processes. The study of Flavor Changing Neutral Currents (FCNC) decays,
Lepton Flavor Violating (LFV) decays, and the precise measurement of SM properties offer a broad
range for NP investigations [4, 5]. Specifically, decays with muons in the final state provide a clear
experimental signature in the LHC environment and serve as an optimal mode for these analyses.
The 𝜏± → 𝜇±𝜇±𝜇∓, 𝜂 → 𝜇+𝜇−𝜇+𝜇− and 𝐵0

(𝑠) → 𝜇+𝜇− searches on the CMS 13 TeV proton-proton
collision data are described in this proceeding.

2. Search for the 𝜏 → 3𝜇 decay

In the Standard Model (SM) lepton flavour numbers are exactly conserved. The observation
of neutrino oscillations [6], however, proves that neutrinos are massive particles and allows for
LFV processes, such as the neutrino-less 𝜏± → 𝜇±𝜇±𝜇∓ decay. These processes are predicted at
very low branching ratios (BR) and are sensitive to new physics effects which could enhance their
probability.
The neutrino-less 𝜏± → 𝜇±𝜇±𝜇∓ decay is predicted with a branching ratio of O(10−55) [7] and
represents a golden channel for LFV searches at CMS due to its clear final state and the abundance
of 𝜏 leptons produced in proton-proton collisions.
The 𝜏± → 𝜇±𝜇±𝜇∓ decay has been searched for at hadron and electron-positron asymmetric collid-
ers. The most stringent value on its branching fraction is set by the Belle collaboration at 2.1×10−8

at 90% of confidence level (CL) [8]. At the LHC, the decay has been searched by the LHCb and
ATLAS experiments, which obtained an upper limit of 4.6 × 10−8 at 90% CL [9] and 3.76 × 10−7

at 90% CL [10], respectively. The CMS experiment has searched for 𝜏± → 𝜇±𝜇±𝜇∓ events in
proton-proton collisions at the centre of mass energy of 13 TeV using 2016 data (33 fb−1), obtaining
an upper limit on the 𝜏± → 𝜇±𝜇±𝜇∓ branching fraction equal to 8.0 × 10−8 at 90% CL [11]. The
analysis presented in this section extends the CMS result to the full Run-2 data taking era (from
2016 to 2018) [12].

In proton proton collisions, 𝜏 leptons are mostly produced via heavy hadron decays, where the
𝐷+

𝑠 channel is dominant and is estimated by simulations [13, 14] to be about 70% of the total
𝜏 lepton production. The final state is characterized by soft muons, a non negligible fake muon
contamination, and a large hadron activity surrounding the outgoing muon tracks. Instead, 𝜏 leptons
produced via W boson decays contribute only to a small part of the 𝜏 production, more than a factor
1000 lower with respect to HF. However, the central production, the harder spectra of the final
state, the low hadron activity surrounding signal events and the large missing transverse momentum
originated from the neutrino give a better handle for background rejection and make the sensitivity
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Figure 1: Observed (full black line) and expected (dashed black line) upper limits at 90% confidence level
obtained for the 2017–2018 HF and W analyses, their combination and their combination with the 2016
analysis (Run-2). The 68% and 95% confidence intervals of the expected upper limits are shown with green
and yellow bands, respectively [12].

of the W channel comparable to the HF one.
Different triggers are employed to select events either with three muons or two muons and one track,
in order to recover low-momentum muons which could fail the trigger muon reconstruction. To
reduce the fake-muon contamination due to pions and kaons, quality requirements are imposed on
the muon tracks.
Multivariate techniques (Boosted Decision Trees, BDT) are used to mitigate the background con-
tamination, mostly originated by the semileptonic decays of 𝐷 mesons and from combinatorial
three-muon events.
To increase the analysis sensitivity, events are categorized based on their invariant mass resolution
and their signal-to-background ratio. The signal strength parameter is shared by the categories and
is extracted with a simultaneous unbinned maximum likelihood fit to the three muon invariant mass
distribution of the events selected by the BDT’s. No evidence of signal is found and an observed
(expected) upper limit is set on the 𝜏± → 𝜇±𝜇±𝜇∓ branching fraction to 2.9 (2.4) ×10−8 at 90%
CL. Figure 1 shows the observed and expected upper limits for the 2017 and 2018 data analysis in
the HF and W channels, and their combination with the 2016 data analysis.

3. Observation of the 𝜂 → 4𝜇 decay

Light mesons decays have been widely studied [15–19], but some of their properties and decays
remain unmeasured. The determination of the 𝜂 → 𝜇+𝜇−𝜇+𝜇− decay branching fraction offers a
precision test of the SM [20, 21] and allows to probe BSM theories [20, 22]. At CMS, the first
observation of the 𝜂 → 𝜇+𝜇−𝜇+𝜇− decay has been achieved using Run-2 proton-proton collision
data collected at a centre of mass energy of 13 TeV [23] and is described in this section.
The main limiting factors of a high-energy hadron collider experiment trigger are the stringent
limits on the event processing time and on the data throughput. The CMS experiment [24] adopts
a two-level trigger system. The first level (L1) is purely hardware and reduces the acquisition rate
to about 100 kHz, seeding the reconstruction of the second trigger level. The second level (HLT,
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Figure 2: On the left, the invariant mass distribution of 𝜂 → 𝜇+𝜇−𝜇+𝜇− signal candidates is shown. Data
points are shown in black, and the signal-plus-background fit is shown with a blue line. The signal component
of the fit function is shown with a dashed red line, while the background component is shown with a dashed
green line. On the right, the invariant mass distribution of 𝜂 → 𝜇+𝜇− events is shown for different ranges of
transverse momentum [23].

High Level Trigger) is purely software and runs a high-level reconstruction of the physics objects.
With an average event size of 1 MB, the HLT rate is limited to about 1 kHz for standard triggers.
Already during Run-1, CMS developed a strategy to bypass these limitations known as data scout-
ing [25]. This strategy consists in saving only the HLT information of an event, without the raw
content coming from the sub-detectors, greatly reducing the event size and process time (in case of
scouting data, no event reconstruction is run after the HLT).
The 𝜂 → 𝜇+𝜇−𝜇+𝜇− analysis is based on 2017 and 2018 double-muon scouting triggers, which
collected a total integrated luminosity of 101 fb−1. These triggers are based on double-muon L1
trigger seeds and select events with two low-𝑝𝑇 muons reconstructed by the HLT (starting from 3
GeV). The scouting strategy reduces the event size to few kB (4 kB in 2017 and 8 kB in 2018) and
allows to reach an acquisition rate of 2 kHz, not possible with standard double-muon triggers for
which the HLT rate is 30 Hz [26]. The invariant mass distribution of the signal candidates is shown
in Fig. 2, where the 𝜂 meson mass peak is clearly visible. The signal yield is extracted with an
unbinned maximum likelihood fit and it is normalized to the 𝜂 → 𝜇+𝜇− channel yield, also shown
in Fig. 2. The significance of the 𝜂 → 𝜇+𝜇−𝜇+𝜇− peak exceeds five standard deviations and the
measured branching fraction is B𝜂→4𝜇 = 5.0 ± 0.8 (𝑠𝑡𝑎𝑡) ± 0.7 (𝑠𝑦𝑠𝑡) ± 0.7 (B𝜂→2𝜇) × 10−9.
The measured value is compatible with the SM prediction of B𝜂→4𝜇 = 3.98 ± 0.15 × 10−9 [27].

4. Measurement of the 𝐵0
𝑠 → 𝜇+𝜇− branching fraction and effective lifetime and

search for the 𝐵0 → 𝜇+𝜇− decay

Flavour changing neutral currents (FCNC) are strongly suppressed in the SM. Thanks to
their precise theoretical prediction and their clean experimental signatures, the rare FCNC de-
cays 𝐵0

𝑠 → 𝜇+𝜇− and 𝐵0 → 𝜇+𝜇− represent an ideal probe for NP. The first observation of the
𝐵0
𝑠 → 𝜇+𝜇− decay has been reported by a combination of LHCb and CMS data analyses [28], and

has been later confirmed by the ATLAS [29], CMS [30] and LHCb [31, 32] experiments, individ-
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ually. A combined analysis of the three experiments [33] has reported a deviation from the SM
prediction of 2.5 standard deviations. This section describes the measurement of the 𝐵0

𝑠 → 𝜇+𝜇−

decay branching fraction, the effective 𝐵0
𝑠 lifetime measurement in the 𝐵0

𝑠 → 𝜇+𝜇− decay, and the
search for 𝐵0 → 𝜇+𝜇− decays in CMS Run-2 data [34], corresponding to an integrated luminosity
of 140 fb−1, collected during proton-proton collisions at the centre of mass energy of 13 TeV. This
analysis represents the most precise measurement of the 𝐵0

𝑠 properties by a single experiment to date.

Di-muon signal candidates are collected using double-muon triggers, selecting high-quality oppo-
sitely charged muons in the central region of the detector, originating from the same vertex. Similar
triggers are used to collect events for the normalization channels 𝐵0

𝑠 →𝐽/𝜓 𝜙 and 𝐵+ →𝐽/𝜓 𝐾+.
The sources of background contamination are two-body decays of B mesons, semileptonic decays of
B mesons and combinatorial events (events where the two signal muons originate from independent
sources). The first set is found to be negligible after a tight muon track quality selection. The
second and third set of background events are instead reduced by mean of a Boosted Decision Tree
(BDT). The BDT is trained using MC simulations of the signal process and real data events taken
from the signal sidebands. Three main feature categories are used as input to the training: pointing
angles and isolation properties help to reduce the semileptonic contamination, while the di-muon
vertex information is used to reduce the combinatorial contamination. The number of signal events
is extracted from data with a two-dimensional unbinned maximum-likelihood fit to the di-muon
invariant mass of the signal candidates and its uncertainty. The branching fractions are obtained
normalizing the observed number of signal events with respect to the 𝐵+ →𝐽/𝜓 𝐾+ channel yield.
In order to reduce the dependence from the external input 𝑓𝑠/ 𝑓𝑢 (the ratio between the 𝐵0

𝑠 and 𝐵+

production, measured by LHCb to be 0.231±0.008 [35]) the 𝐵0
𝑠 → 𝜇+𝜇− branching fraction is also

measured with respect to the 𝐵0
𝑠 →𝐽/𝜓 𝜙 channel yield.

The lifetime of the 𝐵0
𝑠 meson is extracted with a three-dimensional unbinned maximum likelihood

fit to the signal candidates decay time, their decay time uncertainty and their invariant mass.
Events are categorized based on their pseudorapidity, the year of data-taking and their signal purity
(BDT score), for a total of sixteen categories, and the parameters of interest of the analysis are
correlated between the categories. Figure 3 shows the invariant mass distribution and decay time
distribution of events falling into the high-purity categories.
A signal exceeding 12 standard deviations is found in the 𝐵0

𝑠 → 𝜇+𝜇− channel and its branching
fraction and lifetime are measured. No evidence for the 𝐵0 → 𝜇+𝜇− decay is found and an upper
limit is set on its branching fraction at 95% confidence level.
The measured values of the 𝐵0

𝑠 → 𝜇+𝜇− and 𝐵0 → 𝜇+𝜇− branching fractions, normalized with
respect to 𝐵+ →𝐽/𝜓 𝐾+ channel yield, and the upper limit on the 𝐵0 → 𝜇+𝜇− branching fraction
are:

B𝐵0
𝑠→𝜇+𝜇− = 3.83+0.38

−0.36 (𝑠𝑡𝑎𝑡) +0.19
−0.16 (𝑠𝑦𝑠𝑡) +0.14

−0.13 ( 𝑓𝑠/ 𝑓𝑢) × 10−9,

B𝐵0→𝜇+𝜇− = 0.37+0.75
−0.67 (𝑠𝑡𝑎𝑡) +0.08

−0.09 (𝑠𝑦𝑠𝑡) × 10−10,

B𝐵0→𝜇+𝜇− < 1.9 × 10−10 at 95% CL,
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Figure 3: Invariant mass distribution (left) and proper decay time distribution (right) of signal candidates of
events falling into the high-purity categories. The projection of the fit function is shown with a blue line. The
semileptonic background component is shown with a green line, the combinatorial background component
is shown with a black line, the peaking background component is shown with a purple area, and the signal
component is shown with a red area [34].

while the measured 𝐵0
𝑠 → 𝜇+𝜇− branching fraction normalized with respect to the 𝐵0

𝑠 →𝐽/𝜓 𝜙

channel yield is:

B𝐵0
𝑠→𝜇𝜇 = 4.02+0.40

−0.38 (𝑠𝑡𝑎𝑡) +0.28
−0.23 (𝑠𝑦𝑠𝑡) +0.18

−0.15 (B𝐵0
𝑠→𝐽/𝜓𝜙) × 10−9.

The measured effective 𝐵0
𝑠 lifetime in the 𝐵0

𝑠 → 𝜇+𝜇− decay is:

𝜏𝐵0
𝑠
= 1.83+0.23

−0.20 (𝑠𝑡𝑎𝑡) +0.04
−0.04 (𝑠𝑦𝑠𝑡) × 10−10 ps.

The measured branching fraction values are compatible with the standard model predictions [36]
of B𝐵0

𝑠→𝜇𝜇 = (3.66 ± 0.14) × 10−9 and B𝐵0→𝜇𝜇 = (1.03 ± 0.05) × 10−10, as shown in Fig. 4.
The measured effective 𝐵0

𝑠 lifetime in the 𝐵0
𝑠 → 𝜇+𝜇− decay is compatible with the SM predic-

tion [37] of 𝜏𝐵0
𝑠,𝐻

= 1.624 ± 0.009 ps.
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Figure 4: The measured values of B𝐵0→𝜇𝜇 and B𝐵0
𝑠→𝜇𝜇 are shown with a black cross, and their confidence

regions, at different confidence levels, are shown with dashed lines. The SM prediction is shown with a red
marker [34].

7



P
o
S
(
B
E
A
U
T
Y
2
0
2
3
)
0
4
7

Rare decays at CMS Luca Guzzi

References

[1] ATLAS Collaboration, Observation of a new particle in the search for the Standard Model
Higgs boson with the ATLAS detector at the LHC, Physics Letters B 716 (2012) 1-29,
doi:10.1016/j.physletb.2012.08.020

[2] CMS Collaboration, Observation of a new boson with mass near 125 GeV in pp collisions at√
𝑠=7 and 8 TeV, J. High Energ. Phys. 2015 (2013) 81, doi:10.1007/JHEP06(2013)081

[3] M. Bordone, C. Cornella, J. Fuentes-Martín and G. Isidori, Low-energy signatures of the PS3

model: from 𝐵-physics anomalies to LFV, JHEP 10 (2018) 148,
doi:10.1007/JHEP10(2018)148

[4] CMS Collaboration, Report from Working Group 2: Higgs Physics at the HL-LHC and
HE-LHC, CERN Yellow Rep. Monogr. 7 (2019) 221-584,
doi:10.23731/CYRM-2019-007.221

[5] CMS Collaboration, Report from Working Group 4: Opportunities in Flavour Physics at the
HL-LHC and HE-LHC, (2019), doi:10.23731/CYRM-2019-007.867

[6] Super-Kamiokande Collaboration, Evidence for oscillation of atmospheric neutrinos, Phys.
Rev. Lett. 81 (1998) 1562–1567, doi:10.1103/PhysRevLett.81.1562

[7] P. Blackstone, M. Fael and E. Passemar, 𝜏 → 𝜇𝜇𝜇 at a rate of one out of 1014 tau decays?,
The European Physical Journal C 80 (2020) 506, doi:10.1140/epjc/s10052-020-8059-7

[8] K. Hayasaka, K. Inami and Y. Miya, Search for Lepton Flavor Violating Tau Decays into
Three Leptons with 719 Million Produced Tau+Tau- Pairs, Phys. Lett. B 687 (2010)
139-143, doi:10.1016/j.physletb.2010.03.037

[9] LHCb Collaboration, Search for the lepton flavour violating decay 𝜏− → 𝜇−𝜇+𝜇−, J. High
Energ. Phys. 2015 (2015) 121, doi:10.1007/JHEP02(2015)121

[10] ATLAS Collaboration, Probing lepton flavour violation via neutrinoless 𝜏 → 3𝜇 decays with
the ATLAS detector, Eur. Phys. J. C 76 (2016) 232, doi:10.1140/epjc/s10052-016-4041-9

[11] CMS Collaboration, Search for the lepton flavor violating decay 𝜏 → 3𝜇 in proton-proton
collisions at

√
𝑠 = 13 TeV, J. High Energ. Phys. 2021 (2021) 163,

doi:10.1007/JHEP01(2021)163

[12] CMS Collaboration, Search for the lepton flavor violating decay tau to 3𝜇 in proton-proton
collisions at

√
𝑠 = 13 TeV, Physics Analysis Summaries (2023), cds.cern.ch/record/2860087

[13] T. Sjöstrand, S. Mrenna and P. Skands, A brief introduction to pythia 8.1, Computer Physics
Communications 178 (2008) 852-867, doi:10.1016/j.cpc.2008.01.036

[14] V. Khachatryan, A.M. Sirunyan, A. Tumasyan et al., Event generator tunes obtained from
underlying event and multiparton scattering measurements, Eur. Phys. J. C 76 (2016) 155,
doi:10.1140/epjc/s10052-016-3988-x

8

https://doi.org/10.1016/j.physletb.2012.08.020
https://doi.org/10.1007/JHEP06(2013)081
https://doi.org/10.1007/JHEP10(2018)148
https://doi.org/10.23731/CYRM-2019-007.221
https://doi.org/10.23731/CYRM-2019-007.867
https://doi.org/10.1103/PhysRevLett.81.1562
https://doi.org/10.1140/epjc/s10052-020-8059-7
https://doi.org/10.1016/j.physletb.2010.03.037
https://doi.org/10.1007/JHEP02(2015)121
https://doi.org/10.1140/epjc/s10052-016-4041-9
https://doi.org/10.1007/JHEP01(2021)163
https://cds.cern.ch/record/2860087
https://doi.org/10.1016/j.cpc.2008.01.036
https://doi.org/10.1140/epjc/s10052-016-3988-x


P
o
S
(
B
E
A
U
T
Y
2
0
2
3
)
0
4
7

Rare decays at CMS Luca Guzzi

[15] L. Landsberg, Electromagnetic decays of light mesons, Physics Reports 128 (1985) 301-376,
doi:10.1016/0370-1573(85)90129-2

[16] R. Abegg, A. Baldisseri, A. Boudard, W. Briscoe, B. Fabbro, M. Garçon et al., Measurement
of the branching ratio for the decay 𝜂→𝜇+𝜇−, Phys. Rev. D 50 (1994) 92–103,
doi:10.1103/PhysRevD.50.92

[17] F. Ambrosino, A. Antonelli, M. Antonelli, F. Archilli, I. Balwierz, G. Bencivenni et al.,
Observation of the rare 𝜂 → 𝑒+𝑒−𝑒+𝑒− decay with the KLOE experiment, Physics Letters B
702 (2011) 324-328, doi:10.1016/j.physletb.2011.07.033

[18] BESIII Collaboration, Observation of the double dalitz decay 𝜂′ → 𝑒+𝑒−𝑒+𝑒−, Phys. Rev. D
105 (2022) 112010, doi:10.1103/PhysRevD.105.112010

[19] KLOE-2, Dalitz plot distribution with the KLOE detector, J. High Energ. Phys. (2016),
doi:10.1007/JHEP05(2016)019

[20] L. Gan, B. Kubis, E. Passemar and S. Tulin, Precision tests of fundamental physics with 𝜂
and 𝜂’ mesons, Physics Reports 945 (2022) 1-105, doi:10.1016/j.physrep.2021.11.001

[21] M. Knecht, S. Narison, A. Rabemananjara and D. Rabetiarivony, Scalar meson contributions
to a𝜇 from hadronic light-by-light scattering, Physics Letters B 787 (2018) 111-123,
doi:10.1016/j.physletb.2018.10.048

[22] E. Goudzovski, D. Redigolo, K. Tobioka, J. Zupan, G. Alonso-Álvarez, D.S.M. Alves et al.,
New physics searches at kaon and hyperon factories, Reports on Progress in Physics 86
(2023) 016201, doi:10.1088/1361-6633/ac9cee

[23] CMS Collaboration, Observation of the rare decay of the 𝜂 meson to four muons, arXiv
(2023), doi:10.48550/arXiv.2305.04904

[24] CMS Collaboration, The CMS experiment at the CERN LHC, JINST 3 (2008) S08004,
doi:10.1088/1748-0221/3/08/S08004

[25] CMS Collaboration, Data Parking and Data Scouting at the CMS Experiment, CMS
Detector Performance Summaries (2012), cds.cern.ch/record/1480607

[26] CMS Collaboration, Search for a Narrow Resonance Lighter than 200 GeV Decaying to a
Pair of Muons in Proton-Proton Collisions at

√
𝑠 = 13 TeV, Phys. Rev. Lett. 124 (2020)

131802, doi:10.1103/PhysRevLett.124.131802

[27] R. Escribano and S. Gonzàlez-Solís, A data-driven approach to and single and double dalitz
decays*, Chinese Physics C 42 (2018) 023109, doi:10.1088/1674-1137/42/2/023109

[28] CMS and LHCb Collaboration, Observation of the rare 𝐵0
𝑠 → 𝜇+𝜇− decay from the

combined analysis of CMS and LHCb data, Nature 522 (2015) 68-72,
doi:10.1038/nature14474

9

https://doi.org/10.1016/0370-1573(85)90129-2
https://doi.org/10.1103/PhysRevD.50.92
https://doi.org/10.1016/j.physletb.2011.07.033
https://doi.org/10.1103/PhysRevD.105.112010
https://doi.org/10.1007/JHEP05(2016)019
https://doi.org/10.1016/j.physrep.2021.11.001
https://doi.org/10.1016/j.physletb.2018.10.048
https://doi.org/10.1088/1361-6633/ac9cee
https://doi.org/10.48550/arXiv.2305.04904
https://doi.org/10.1088/1748-0221/3/08/S08004
https://cds.cern.ch/record/1480607
https://doi.org/10.1103/PhysRevLett.124.131802
https://doi.org/10.1088/1674-1137/42/2/023109
https://doi.org/10.1038/nature14474


P
o
S
(
B
E
A
U
T
Y
2
0
2
3
)
0
4
7

Rare decays at CMS Luca Guzzi

[29] ATLAS Collaboration, Study of the rare decays of 𝐵0
𝑠 and 𝐵0 mesons into muon pairs using

data collected during 2015 and 2016 with the ATLAS detector, Journal of High Energy
Physics 2019 (2019) 98, doi:10.1007/JHEP04(2019)098

[30] CMS Collaboration, Measurement of properties of 𝐵0
𝑠 → 𝜇+𝜇− decays and search for

𝐵0 → 𝜇+𝜇− with the CMS experiment, Journal of High Energy Physics 2020 (2020) 188,
doi:10.1007/JHEP04(2020)188

[31] LHCb Collaboration, Measurement of the 𝐵0
𝑠 → 𝜇+𝜇− Branching Fraction and Effective

Lifetime and Search for 𝐵0 → 𝜇+𝜇− Decays, Phys. Rev. Lett. 118 (2017) 191801,
doi:10.1103/PhysRevLett.118.191801

[32] LHCb Collaboration, Measurement of the 𝐵0
𝑠 → 𝜇+𝜇− decay properties and search for the

𝐵0 → 𝜇+𝜇− and 𝐵0
𝑠 → 𝜇+𝜇−𝛾 decays, Phys. Rev. D 105 (2022) 012010,

doi:10.1103/PhysRevD.105.012010

[33] CMS, LHCb and ATLAS Collaboration, Combination of the ATLAS, CMS and LHCb results
on the 𝐵0

(𝑠) → 𝜇+𝜇− decays, CMS Physics Analysis Summaries (2020),
cds.cern.ch/record/2727216

[34] CMS Collaboration, Measurement of the 𝐵0
𝑠 → 𝜇+𝜇− decay properties and search for the

𝐵0 → 𝜇+𝜇− decay in proton-proton collisions at s=13TeV, Physics Letters B 842 (2023)
137955, doi:10.1016/j.physletb.2023.137955

[35] LHCb Collaboration, Precise measurement of the 𝑓𝑠/ 𝑓𝑑 ratio of fragmentation fractions and
of 𝐵0

𝑠 decay branching fractions, Phys. Rev. D 104 (2021) 032005,
doi:10.1103/PhysRevD.104.032005

[36] M. Beneke, C. Bobeth and R. Szafron, Power-enhanced leading-logarithmic QED
corrections to 𝐵𝑞 → 𝜇+𝜇−, J. High Energ. Phys. 2019 (2019) 232,
doi:10.1007/JHEP10(2019)232

[37] Particle Data Group Collaboration, Review of Particle Physics, Progress of Theoretical and
Experimental Physics 2022 (2022) 083C01, doi:10.1093/ptep/ptac097

10

https://doi.org/10.1007/JHEP04(2019)098
https://doi.org/10.1007/JHEP04(2020)188
https://doi.org/10.1103/PhysRevLett.118.191801
https://doi.org/10.1103/PhysRevD.105.012010
https://cds.cern.ch/record/2727216
https://doi.org/10.1016/j.physletb.2023.137955
https://doi.org/10.1103/PhysRevD.104.032005
https://doi.org/10.1007/JHEP10(2019)232
https://doi.org/10.1093/ptep/ptac097

	Introduction
	Search for the tau3mu decay
	Observation of the eta4mu decay
	Measurement of the BsMuMu branching fraction and effective lifetime and search for the BMuMu decay

