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Phenomena beyond the standard model (SM) of particle physics can become manifest directly, via the
production of new particles, or indirectly, by affecting the production and decay of SM particles. Rare
decays of heavy flavors and tau leptons could be very sensitive to these processes and ideal for probing
the physics beyond SM. The Compact Muon Solenoid (CMS) at CERN is a general-purpose detector at
the large hadron collider (LHC). It is equipped with large area of silicon trackers, a 3.8T magnetic field,
superb muon detection systems with large acceptance and very flexible trigger systems. These features
make CMS an ideal for studying are decays of heavy flavors and tau leptons .
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Quarkonium production

Leptonic B meson decays offer excellent opportunities to
perform precision tests of the SM due to minimal uncertainties.
They are very rare due to suppression from GIM and helicity.
Bs0 → µ+µ− was first observed by CMS and LHCb jointly, but
B0 → µ+µ− is still not observed yet.
Measurement of effective lifetime: complementary probe of NP:
in SM, only heavy eigenstate decays to μμ
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Prompt

Flexible triggers

For both ATLAS and CMS experiments, dimuon decays
provide
a particularly
cleantracker
signature to trigger on in
l Large
silicon
order to reconstruct quarkonium states
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Non-prompt

Strong magnetic field
Broad acceptance
Superb muon systems
l Coverage up to |η|<2.4
13 TeV
7 TeV
l Dimuon mass resolution ~0.6-1.5% (depending on |η|).
l Fake rate ≤1%
l ≤0.1% for pi,K; ≤0.05% for proton with a tight muon ID
Complementary to LHCb

Significance: 5.6 σ(obs)/6.5 σ(exp)

Angular analyses of b →
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Data sets: 5 and 20 fb−1 in 2011 and 2012 at √s = 7 TeV and 8
TeV(Run 1), 36 fb−1 in 2016 at √s = 13 TeV (Run 2).
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The transitions of the type b → sl+l− is a flavor-changing neutral current (FCNC) process, with l denoting a charged lepton.
In the SM, this type of transition is forbidden at tree level and occurs through higher-order processes via either electroweak
Z/γ penguin diagrams or a W+W− box diagram. This makes the measurement of these rare FCNC decays more sensitive to
possible physics phenomena beyond the SM.
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CMS has recently published two angular analyses of such FCNC decays: B+→K+µ+µ−[2] and B0→K∗0µ+µ−[3]. Both
analyses use a sample of pp collisions at a center-of-mass energy of 8 TeV, corresponding to an integrated luminosity of
20.5 fb−1. The data was recorded using a low-mass dimuon HLT with a displaced vertex. Both results are consistent with
SM and previous measurements.

B+→K+µ+µ− analysis[2]
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Prospects for HL-LHC[6]: The upgraded detector, with improved momentum resolution, is expected to enable high
precision measurements of the branching fractions and the effective lifetime of Bs0 → µ+µ− with reduced systematic
and statistical uncertainties. At 3000 fb−1, it will bepossible to observe the B0 → µ+µ− decay with >5σ significance.

𝒜E- ≤ min 1, F?⁄2

𝐹?: contribution from pseudoscalar, scalar and tensor amplitudes to the decay width Γ.
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Search for τ → 3μ
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l The events are fit in
l Measured

seven 𝑞2 bins from 1 to 22 GeV2, yielding 2286 signal events in total.

𝐴E- and 𝐹? show good agreement with SM predictions within uncertainties. No clear indication of new physics.
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decays

cLFV process, with clean signatures
most stringent limit by Belle: BF<2.1x10−8@90%CL
LHCb with 3fb-1, source: B,D→τ; normalisation: Ds→ɸπ; limit: BF<4.6x10−8@90%CL
ATLAS with 20fb-1(Run-I), source: W→τ; normalisation: W→τν; limit: BF<3.8x10−7@90%CL
The first search for the charged lepton flavor violating decay τ → 3µ using the CMS detector has been
performed. The analysis uses 33 fb−1 of proton-proton collisions collected at 13 TeV by CMS in 2016. It
exploits τ leptons produced in D and B meson decays, which is the main source of τ leptons at the LHC.

B0→K∗0µ+µ− analysis[3]
Description of Sa θℓ, θℓ , 𝜑 :

Results

events from all the categories

J/ψ

No excess above the expected background is observed，
Upper limits on the branching fraction BR(τ → 3µ) are set
using the modified frequentist CLs method
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l The
are𝑞2fitbins
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yielding
1397
The events
areevents
fit in seven
from 1 to
GeV2from
, yielding
signal, events
in total.
The measured 𝑃) and 𝑃ab are consistent with the SM predictions and previous measurements within the uncertainties.
signal and 1794 background events in total.

With increased statistics at Run-II, a full angular analysis without simplification is possible with B0→K∗0µ+µ−. Also possible
l CMS results are consistent with SM
and0 previous measurements
0
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are angular analyses of more b-hadron channels of B , B , Bs , Λb etc. With 3000 fb−1 at 14 TeV HL-LHC, the uncertainties
on the shape
of JHEP
the P5′
parameter
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104 in decays B0→K∗0µ+µ− will improve by a factor of up to 15, from a sensitivity study[4].
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BR(τ → 3µ)
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9.9 × 10-8

8.8 × 10-8

95%

1.2 × 10−7

1.1 × 10−7
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