Compact Muon Solenoid

B physics results
from CMS

Alexander Tulupov?
Sergey Polikarpov!-2
'LPI RAS, 2NRNU MEPhI

The work was supported by the Ministry of Sc1ence
and Higher Education of the Russian Feder
Project "Fundamental p



Infroduction

Recent Preliminary

Results at CMS (July 2021):

. - Observation of B? -
Y(2S)KIn*tn~ and B2 - Y(25)KJ decays

. - Observation of

triple J/w meson production in proton-proton
collisions at \s= 13 TeV


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-18-004/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-004/index.html
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. Observation of
BY > Y (29)KJntn~ and
BY - ¥ (2S)KJ decays

CMS-PAS-BPH-18-004



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-18-004/index.html

Moftivation

Many exofic states have been observed in the last 15
years, and the nature of most of them is still unclear
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Decays with charmonium
in final states could be @
good laboratory for CP-
violation measurements.
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Infroduction

We search for the new B® - ¢(2S)K{ntn~and BY — P (2S)K? decays with
CMS pp collision 2017-2018 data. The relative branching fraction
ratios are measured using the relations:

p s BB 029)KS) [ e(B” = ¢p(25)Kg) N (B = y(29)Kg)
T fa BBY = ¢(29)KY)  fy e(BY = ¢(29)KY) N (B0 — (2S)KQ)’

B BB = y2S)Kir 1) € (BY — (29)K?) N (BY = ¢(2S)KO7r*t7™)
T BB - (29)KY) e(BY = ¢(28)Kortr) N (BY — ¢(25)K9)

Where N is number of signal events in data, € is efficiency.
The B%- y(25)K? decay is used for the normalization thanks to it's
similar topology and kinematics to the decays of interest.

f:/fa — the ratio of the B2 and B production cross sections.



Selection criteria

|M(K?) - Mpp(K9)|<20 MeV  TT T T The reconstructed y(2S) decays into
two muons that must also satisfy
general muon identification criteria

KO and basic kinematic requirements to
s TS reduce the combinatorial
‘ background.
We also apply standard . Tl'+ —
. . T —
topological requirement on

the B and K? flight lengths. \ 1 +

28
B Ph(

il (‘); 1 Proton beam
' N ‘\ y

Proton beam

\s=13 TeV
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Efficiencies

Efficiencies were obtained from phase-space MC samples.
Measured ratios of efficiencies are:

e(B® - Y (25)K?)
e( Bs—= Y(29)KJ)

= 1.019 + 0.013;

e(B® - Y(25)KD?)

= 2.29+0.03
e(B° - Y (2)KIntn) -

For the Bdchannel efficiency is very close to the one for B® due to
the same products of the reactions and similar masses of the

decaying particles.
The efficiency is lower for B® - ¢ (2S)K2rtn~ channel due to

additional frack reconstruction.

The ratios agree with our expectations
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Y(2S)KJ mass distribution

CMS Preliminary 103.7 fb' (13 TeV, 2017-2018)
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The obtained significance is 5.20 and varies in the range 5.1-5.40 within the
variations of the fit model used in the estimation of the systematic

uncertainties. (See next slides)
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Y(2S)KJn ™ mass distribution

CMS Preliminary 103.7 fb™ (13 TeV, 2017-2018)
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INn search of exotics

sPlot distributions of six 2-body intermediate invariant masses from the B° -
Y(2S)KIntn~ decay in data compared to MC.
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The data (black) shows clear signs of the known K*(892)% and p(770)° resonances
in K ¥ and ntn~ systems, but not the exotics like Z.(4220)7...
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INn search of exotics

sPlot distributions of four 3-body intermediate invariant masses from the B® -
Y(2S)K{n*n~ decay in data compared to MC
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Systematic uncertainties

The systematic uncertainty related to the
choice of the fit model is evaluated by testing
different fit models: the largest deviation in
the measured ratio from the baseline value is
taken as systematic uncertainty.

MC samples have finite volume

MC simulation does not take intfo
account the intermediate resonance
structure, leading to significant disagreement
between data and MC in infermediate mass
distributions, what leads to a potential bias in
the efficiency. To estimate the corresponding
systematic uncertainty, the MC sample is
reweighted to be consistent with the data,
and the difference between the baseline
efficiency and the efficiency obtained on the
weighted MC is taken as a systematic
uncertainty.

Source Ry | Re+r-
Background model 25| 0.8
Signal model 1.5 0.8
Shape of reflection — 0.5
Finite size of MC 1.3 1.1
Intermediate resonances | — 5.0
Tracking efficiency — 4.2
Total 3.2 6.7

For the rafio R +,-, we consider
an additional uncertainty due to
tracking efficiency of 2 additional

pions of 4.2%




—The first observatio

Results

>f the decays B? - y¥(25)K? and
BY S y(2S)K{ntn~ and estimation the branching
fraction ratios:

B(B; — v(29)Kg) [
B(B® — ¢(25)KQ)  fa

B(B — 1(28)K07r
B(B? — ¢(25)KY)

= (0.69 &+ 0.14 (stat) £ 0.02 (syst)) %,

)

= (48.0 + 1.3 (stat) + 3.2 (syst))%.

Inspection of the phase-space distributions of the
B? - y(2S)K{ntn~ decay does not reveal any
additional exotic narrow siructure.

The 20th Lomonosov Conference on
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I. Observation of
triple J/w meson production
INn proton-proton collisions at

Vs =13 TeV

CMS-PAS-BPH-21-004



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-21-004/index.html

Motivation

« Study unknown energy evolution of fransverse
(Impact parameter b) proton shape

« Probe generalized PDFs (x,Q2 and b) of the proton

« Control backgrounds for rare SM resonance decays
& BSM production of mulfiple heavy particles.

 Studies so far focused on double-parton scatterings
(DPS), process never
observed so far

The 20th Lomonosov Conference on

21.08.2021 Elementary Particle Physics
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INntfroduction

This work presents the first observation of the production of three J/w
mesons in pp collisions, using 133 fb~! of data collected at Vs = 13 TeV
by the CMS experiment.

The J/w mesons are reconstructed in their dimuon decay mode.

. . © \'94 CMS Experiment at the LHC, CERN
The extracted cross section is B | Datarecorded: 2017-Oct-18 16:07:04:866439 GMT
Run / Event / LS: 305237 / 1277785997 / 682

compared to theoretical
expectations based on SPS,
DPS, and TPS confributions,
and the effective DPS cross
section O4,pps ASsOCIQted to
the process is derived.




Prompt and non prompt
contributions

The analysis of the éu final state offers a very clean experimental signature for triple-J/w
production, including prompt and non prompt J/p mesons

The 20th Lomonosov Conference on
21.08.2021 Elementary Particle Physics




Selection & Reconstruction

pp —>\]/IIJ]/¢]/IIJIX
61

For all muons pr > 3.5GeV for || < 1.2
pr > 25GeV for 1.2 < |y| < 2.4

For all J/i mesons pr > 6GeV and |y| < 2.4
2.9 <y, <33GeV

The 20th Lomonosov Conference on
21.08.2021 Elementary Particle Physics 18



Events / 50 MeV

Signal extraction

The signal is extracted with a three-dimensional unbinned extended
maximum likelihood fit, in the three dimuon invariant mass

mlu*u~][1,2,2] variables.

Signal: gaussian with resolution fixed from MC fit and mean fixed to PDG
J/g mass - ]/ n N

Background: exponential function — 7 rest of the combinations of the three
J/p to be signal or background
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Cross section measurement

c(pp = /W I/ T/9X) = Nor¥ / (€ Line B

J/p—putpu— )

//1\_
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Are J/p prompt or from b hadron
decayse

A classification of prompt and non prompt events is attempted via
2 approaches using J/y's proper decay length (L//¥):

1. CutonL//¥at 60um

2. Fit all individual measurements with prompt and nonprompt
templates derived from MC.

Both methods leads to same classification:

DPS:

<=

b-
b

o

TPS: <<>{ T/

ol T ol




Systematic uncertainties

Source Relative uncertainty

Muon reconstruction efficiency

MC sample size 3.0%

Integrated luminosity 1.6%
Branching fraction 1.7%
Total 6.2%

The total systematic uncertainty of the cross section measurement is
6.2%. Measured cross section for triple J/p production, within the fiducial
region is

Lo (pp — J/w]/w]/w X) = 272713 (stat) + 17 (syst) fb-

The 20th Lomonosov Conference on
21.08.2021 Elementary Particle Physics 22



DPS cross section

Using the obtained result (a.//"),
theoreftical predictions and Iv\C

modeling, in a baseline “geometric”

approach that ignores parton
correlations, one can extract the
value of the effective DPS cross
section:

133 b (13 TeV)

Ocrrpps = 2.71 1 (exp)*15(theo) mb,

where the first uncertainty is due
to the experimental precision

of g,/ J/¥ and the second one is

due to the propagation of all
sources of theoretical
uncertainties
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Results

« The first observation of the concurrent production of 3 J /i mesons
« The fiducial cross section is measured to be

o(pp = J/9)/9)/p X) = 272715, (stat) £ 17 (syst) fb.

« Under “Ygeometric” approach that ignores parton correlations,
effective DPS cross section parameter is obtained

Ocff,DPS = 27515 (exp)i1g(theo) mb,

Within its large uncertainty, this value is consistent with similarly
extracted parameters from double-quarkonium measurements,
but significantly smaller than the effective DPS cross sections
derived from double-particle final states that include high-p; jets,
photons, and electroweak bosons.



Conclusion

The CMS collaboration is still continuing the
Investigations in the B-physics and quarkonia
sector.

With RUN |l data we will have great opportunities
for researching possible BSM processes.

More CMS publications here:
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