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Outline

CMS relevant/recent rare decay analyses:
e B—uu Branching Fractions and Bs—uu Effective Lifetime

e BO—=K"0uu Angular Analysis
* J/J—= uppp Decay
e DO—=nu Branching Fraction
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CMS Detector

CMS DETECTOR

STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter :15.0m Pixel (100x150 ym) ~1m?* ~66M channels
Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T ‘
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

y PRESHOWER
w2 Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
y - Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

/

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Compact Muon Solenoid

General purpose LHC
experiment

B-physics: excellent muon
resolution and pt range

For muons prtup to 100GeV

1% resolution in the barrel
region, 3% in the endcaps



DAQ in CMS

arxiv2403.16134

- Standard DAQ
- L1 Trigger, ASIC/hardware trigger 100kHz HLT

~—t——3 |L1 Trigger

- HLT Trigger, computer batch 1kHz Triggejdeds:gger
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* Reduced the event size by saving HLT
information Discarded Discarded
« Avoids the HLT data buffering bottleneck
d AnaIyS|S example r]_’lL{lL{lL{lL{ Observatlon |PhyS - Data flow for a typical 2018 data-taking scenario

Standard data stream: | Prompt offline
~1 kHz, ~ 1000 MB/s reconstruction

T —

Parking data stream: | Delayed offline
~3 kHz, ~ 2000 MB/s reconstruction

Rev. Lett. 131, 091903]
- Data parking

« Exploits the computational margin arising from
the LHC fill luminosity decay

 Event are reconstructed later in time and
saved on tape

Level 1

Trigger

99 ~100 kHz Full detector
information and
online resolution

Collisions: ~ 30 MHz
22222222222
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Scouting data stream: No offline
~5 kHz, ~ 40 MB/s reconstruction
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I Data reconstructed and stored on disk I

« Avoids the reconstruction resources bottleneck Swagata’s talk on Wednesday

« During Run2 (2016-2018) recorder 1010 B
collisions


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091903
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091903
https://arxiv.org/pdf/2403.16134.pdf
https://indico.cern.ch/event/1307446/contributions/6049400/

Bs—uu and B%— uu decays are highly

suppressed in the SM

* |Involve flavour-changing neutral current
(FNCN) transitions

* Helicity suppressed

e Can occur via high-oder EW diagrams

(loop)
e BO—yu BF further suppressed by CKM

matrix element by 20x

* Theoretical predictions of the Branching
Fractions are precise, any deviation might
be a hint of NP particles present in the loop
diagrams

e Bs—uu effective lifetime measurement

gives another handle to check the presence
of NP: the decay is CP-even and without
the CP violation the lifetime corresponds to
the Bsu state

BF: upper limit 95% CL for B°—u*u- and Bg—m*u—

Phys.Lett.B842(2023)137955
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BF: measurements


https://www.sciencedirect.com/science/article/pii/S0370269323002897

Analysis details

Standard DAQ, dimuon trigger

Extensive use BDTs for muon identification (fake reduction) and signal selection

2016—2018 data at /s = 13TeV

BFs normalised with respect to B+—J/PpK+ channel

UML fit (mass, mass uncertainty) on 16 categories
e Rapidity, data taking period, BDT output

BBY — ptp~) = (383103 (stat) 312 (syst) *933

—0.13

B(BY - putp~) <1.9x 10719 @ 95% CL
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https://www.sciencedirect.com/science/article/pii/S0370269323002897

Bs— uu Effective Lifetime

Phys.Lett.B842(2023)137955

Analysis details
» Lifetime efficiency derived from simulation
 Main systematics due to the correlation of

140 fb' (13 TeV)
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https://www.sciencedirect.com/science/article/pii/S0370269323002897

Angular analysis of the decay channel B—K"u+u- with K0 decaying into Knt

* Motivation: angular distributions can be defined as function of Wilson
coefficients.

* Angular variables: 6k, 6, ¢

e Distribution measured in g2~ le—g,--o--
bins: invariant mass squared of

the dimuon system
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H" BO rest frame %
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b MU~ rest frame

K0 rest frame

e CP-averaged observables: F, P;, Py’
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Analysis details CMS-PAS-BPH-21-002

e 2016 to 2018 standard DAQ data

e Signal from resonant K0 and non resonant Krt (S-wave)

e KDE angular efficiencies modelled on simulated events

 Maximum likelihood fit in bins of g2 of the signal and background pdf
e Fit validated in control regions J/ and {(2S)
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/index.html

BoO—K'0uy results 1/2

Results

 Tensions in some bins of Ps’ and P2
e Flavio: local form-factors (LQCD and Light-Cone Sum Rule) + non-local form-factors (QCDF)
e EOS: local form-factors (LQCD and LCSR), novel parametrisation of non-local form-factors
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/index.html

Results
e Statistical agreement with previous measurements
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-002/index.html

Phys. Rev. D 109

Motivations
e BESII already reported the observation of J/p—eeuu and J/p—eeee, setting an

upper limit for the J/Y—uuuu decay channel. [Phys. Rev. D 109, 052006]
e Very clean and precise theoretical BF prediction 8(J/V—=2uuuu) = (9.74 + 0.05) x
10-7[Phys. Rev. D 104, 094023]

Analysis details

e Use of B parked Run2 data taken in 2008 =
e Efficiency measured on simulations ]/
e BF measured relative to the J/p—uu BF

e ML fit of the 4-muon and di-muon invariant mass

4

BJ/y > puup) NP —>pu ) /el/rpem—m-
B(J/p — utu~) N(J/p = ptu~) €1/p—utu—
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.052006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.094023
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111101

J/W—uuuu results

Results

e Observation of the J/p—uuuu decay
e Results consistent with the SM predictions

Events / 50 MeV

B(J/p = pu up u)

10+

B(J/p = putyu~)

Phys. Rev. D 109
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.L111101

D0— v u introduction

Motivations
e Particular attention has been put on the b—s transition, see B—uu, while c—u

transitions are less studied at LHC

e DO—yu decay channel is suppressed as it is a FCNC process
e SM predictions not particularly reliable, but expected to be very small 8(D°— uu)=3

x 10-13

* New Physics can increase the BF

Analysis details

Based on data collected using the B parking DAQ in 2022-2023
DO— uu reconstructed from D*+—DO i+ for BG reduction

After basic preselection (+dimoun trigger) a selection based on BDT output is applied
BF measured fitting the DO peak and the difference of mass between D*+and D9 (Am)
BF normalised with respect to the DO—nirt decay

14



D0— 1 normalisation channel
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Normalisation channel
* 195 signal events extracted

Effective lumi=51.4 nb” (13.6 TeV) Effective lumi=51.4 nb™ (13.6 TeV)
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Results

DO— 1 results

o Best upper limit to date
e Compatible with the SM
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B(MD° = utu™) = (1.0£0.9) x 1077,
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Conclusions

CMS pretty competitive experiment for B-physics rare search decays in muons:

e B—uu Branching Fractions and Bs— uu Effective Lifetime

* Best single measurement
e BO—>K'Ouu angular analysis

e Best measurement to date
o JQ—=upuu

e First observation
* DO—=pupu

e Best upper limit to date
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