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Introduction

Search for X(5568)+ — Bs n+
Search for exotic bottomonium states decaying into Y(1S) nt+nr-
Search for resonances decaying to Y(1S) u+u-

Study of B+ > J/w A p

Confirmation of X(4140) — J/w ¢ and observation of

B+ — y(2S) ¢ K+and A,—> J/y A ¢

Observation of Bs—>X(3872) ¢
Evidence for X(3872) in PbPb
9. Summary
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CMS Integrated Luminosity, pp, vs = 13 TeV
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Introduction

e 160 fb! has been delivered by the LHC
in Run 2 (2015-2018) at Vs=13 TeV.

e \fery efficient data collection by CMS
with improved track momentum resolution—>
recorded over 140 fb! of physics-quality data.

e Ingenious trigger algorithms were developed
for efficient online event selection.

CMS 1s contributing
intensively to heavy flavor physics

In this talk the results on a search for new multiquark states based on
13 and 8 TeV data samples will be presented )



Events /(5 MeV)

Exotic Hadrons: experimental results

and theoretical interpretation

From 2003, thanks to B-factories Belle and BaBar (and then BES 11l and LHCD),
the number of exotic hadrons candidates is growing continuously.

These are multiquark states. Some bright examples are

X(3872), Z(4430)+, from Belle, X(4260) from BaBar, Z(3900)+ from BESIII /Belle

of and P, from LHCDb.
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This is a New Hadron Spectroscopy Era

Theoretical interpretation of all these exotic states still not clear.

1 9
Hadrocharmonium * — WE NEED MORE INFORMATION !

Molecule ?
Rescattering New results are coming. First of them to discuss is the
(threshold effect, cusp) ? evidence for X(5568) = Bs =* by D0 Collaboration ‘

Tetraquark ? and search for this state in CMS. (3)



Search for beauty tetraquarks

(4)



DO Collaboration: Evidence for X(5568),

new state decaying into Bs =+ Search for X(5568)* - B, nt*

DO Run II, 10.4 f5'
(b)
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P
» Different n interval with LHCD, :
» Beauty hadron production conditions are similar in DO and CMS. (5)




Search for X(5568) in CMS Gl
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Phys.Rev.Lett. 120 (2018) no.20, 202007 (6)



p-value

Search for exotic bottomonium states X,

10.562 and 10.604 GeV.

PLB 727 (2013) 57

decaying into Y(1S) n+n-

e The discovery of the X(3872) has prompted the search for a bottomonium counterpart
X, 2 Y(1S) n+n- - according to HQS considerations - with mass close to the BB or BB* threshold,

e It is expected that this X, would be narrow, similar to X(3872), and has sizable Br.fr. to Y(1S) n+n-.
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CMS has collected a large sample of
Y (nS)—pu+u- produced in pp

collisions at 8TeV.

Separate barrel and endcap events
to exploit better mass resolution
and lower background in the barrel region.

pr( Y(1S)n'n") > 13.5 GeV and |y(Y(1S)nt'n")| < 2.0

No structure found apart from Y(2S) and Y (3S)
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In analogy with the X(3872),
expected signal significance >5 ¢
if X, (Br x cross-section)>6.5% of
the corresponding product for
Y(2S) 2 Y(1S) n*n (R value)
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Measurement of the Y(1S) pair production cross | PLB 808 (2020) 135578

section and search for resonances decaying to
Y (1S)u+u— in proton-proton collisions at sV= 13 TeV

eTetraquarks composed of 2 b quarks and 2 b anti-quarks could decay to a

Y(1S) + 2 leptons that possibly come from a Y(1S) off-shell decay.

e Even with a small production cross section, it could result in a prominent signature at
the LHC
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Measurement of the Y(1S) pair production cross

section and search for resonances decaying to
Y (1S)u+pu— in proton-proton collisions at sV=13 TeV
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Search for charm tetraguarks
and pentaquarks

and Perspectives
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- - CDF (2011) presents update analysis with
CO nfl rm atl O n Of larger dataset,(6.0fb* vs 2.7fb* Jobserving

i Y(3140)
X(4140) 2 Jvy ¢ 2 [P e @
S 8h
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the kinematical threshold, £4 g7
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Am [GeV] (11)



CMS: Study of B* - J\y A p

JHEP 12 (2019) 100

Motivation and experimental situation

M(JIwA) and M(J/yp) study

The study 1s motivated by the
recent observation of P~ states by
LHCD collaboration in J/yp system.

Measurement of the B(B™ — J/ wﬂp)

The only available measurement at the
moment performed by Belle in 2005 with a

Belle gt-:}

This decay provides a possibility to large uncertainty Phys.Rev. D72:051105, 2005
study both J/'wA and J/yp systems.
x Br.fr.: (11.6 i 2.8 +1.8 _23) X10-6
: o T
New states are expected near threshold in 2
The extended chromomagnetic model. = °
o5
C. W. Xiao, J. Nieves, and E. Oset, “Prediction of hidden charm strange [=
molecular baryon states with heavy quark spin symmetry”, woa
Phys. Lett. B799 (2019) 135051 5
2
The existence of a molecular baryon decaying to 1
Jhy A has been predicted q

X.-Z. Weng, X.-L. Chen, W.-Z. Deng, and S.-L. Zhu,
“Hidden-charm pentaquarks and Pc states”,Phys. Rev. D 100 (2019) 016014

2 522 524 526 528 -3

M, (GeVic?)

(12)



CMS:

Study of B* — Jiw A p

This study is based on 2012 8 TeV data (19.6 fbt)

CMS 19.6 b (8 TeV)
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The B+ — Jiy K*+ — J/y (KOs 7t+)
was chosen as a normalization channel
since it has the same decay topology

M(J/yK’r*) [GeV]

= (1.054 £ 0.057(stat.) = 0.035(syst.) = 0.011(br.)) x 1072,

BBT — JhyAp)=( 15.1 +0.8 (stat.) £ 0.5 (syst.) + 0.9 (br)) ) x 10
PDG mean value of B(BT — JiyAp) = (11.8+3.1) x 10°°®
The latest Belle measurement S8(BT — J/ t,rfﬁ. p)=(11.7T%x T.Sfﬂ] x 1070
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CMS:
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Study of B* — Jiw A p

JHEP 12 (2019) 100

Comparison of phase space MC with efficiency corrected data

CMS 19.6 fb' (8 TeV)
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Is calculated using likelihood ratio method

Before assuming new resonances, one should exclude
another non-exotic scenarios
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and > 3.4c for A p mass spectra, including systematics.
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CMS: Study of B* — Jhy A p

JHEP 12 (2019) 100

Model-independent approach: method of moments

e Introduced by BaBar [PRD 79 (2009) 112001] and then used by

LHCb [PRD 92 (2015) 112009, PRL 117 (2016) 082002];

e There are 3 known K* resonances that can decay to Ap, so these K*’s can contribute to the

2-body invariant mass distributions;

e In each M(A p) bin, the cos(0-) distribution can be expressed as an expansion in terms of

Legendre polinomials: AN !

dcosfOgx iz

f(Pjg)ﬂ(cos O+ )
0

where 6, is the helicity angle defined as the angle between A momentum and B+

momentum in the Ap rest frame;

+
v 2 7 VYA
L. g.ﬂlpf:ﬁ"‘. J/l.,‘f PR Rl J K#+ 'p‘: HK*
wi=1+ z < P/\ > P,-((‘()xﬁk.;) < p ',’-" ];+
j=1 * & .
PRt p
- - 1 P
e Forl . =2xJ, where ] is the total spin of Risonamf Mass, MeV | Natural width, MeV | ] .
the highest-spin K*, one can take K4(2085) 20959 19830 :
the nig P  ONe K3(2250)" | 2247 +£17 180 + 30 2
into account all these K* — Ap. KZ(2320)7 | 2324+ 24 150 -+ 30 3+

e From table | ., = 2x4=8.

(15)



CMS Study Of B+ N \]/\VT\ p JHEP 12 (2019) 100

Simulation reweighting according to the observed structure in Ap
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Compatibility with data (incompatibility < 2.8 o including syst.) M(Rp) [GeV]
eliminating the need for exotic resonances in this 3-body decay (16)




O

pservation of B* =2 y(2S) ¢ K*

Similar to famous B+ — Jiy ¢ K+

Phys. Lett. B 764 (2017) 66

By reconstructing the same decay with ¢(25) instead of J/{ we observed a new B* decay channel

The relative branching fraction, using the mode B* — y(25) K* as normalization:

[4.0 + 0.4 (stat) £ 0.6 (syst) + 0.2 (BF(B* = y(2S) K*)) | x 10°®

This is the first step towards the exploration of y(2S) ¢ system.
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http://dx.doi.org/10.1016/j.physletb.2016.11.001

Observation of A, 2> J/y A ¢ Phys Lett B 802 (2020) 135203
CMS 60 fb" (13 TeV) CMS 60 fb™ (13 TeV)
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The study is based on 2018 13 TeV data (60 fb~1)

100

M(y(2S) A) [GeV]

B(Ap = T'wA@)

:'-+-L :_..+,' |—|—l',l|:.
BOAY S yiasn) — (826 +0.90 (stat) & 0.68(syst.) +0.11(br.))%

This new decay provides an opportunity to further explore the

J/v ¢ and J/y A systems (18)



New Results on
X(3872) production properties

(19)



Observation of B, > X(3872) ¢

Phys. Rev. Lett. 125 (2020) 152001
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Evidence for X(3872) production @
™
: o — X
' in PbPb collisions at Vsy, = 5.02 TeV =
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Summary

Although designed for high-pt physics, CMS is a very good apparatus for heavy flavor physics!

» Study of B, t* spectrum and

setting an UL on the production of X(5568)
» Search for the bottomonium partner of the X(3872)

in Y(1S)m*m channel

» Search for resonances decaying to Y(1S)u+u—
» Studyof B* > Jy Ap
» First significant confirmation of the X(4140) = J/y ¢ at LHC,
observation of B+ — y(2S) ¢ K+ and A, 2 J/w A ¢
» First observation of Bs — X(3872) ¢
» First evidence for X(3872) production in heavy ion collisions

New results from CMS are expected soon. 2
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