New resonances in J /Y] /P mass spectrum
N pp collision at CMS experiment
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CMS detector & trigger
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Exotic hadrons
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New Domain of Exotics: All-heavy Tetra-quarks

* First mention of 4c states: Y. lwasaki, Prog. Theo. Phys. 54, 492 (1975)
* First calculation of 4c states: K.-T. Chao, Z. Phys. C 7, 317 (1981)
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Exotic hadrons with four-charm: in experiment

* Structures in J /Y] /Y mass spectrum at CMS, LHCb and ATLAS
* This talk focus on the CMS result
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J/Y] /Y events at CMS

G—

* Dataset:
135 fb~1 pp collision at /s=13 TeV taken at CMS in 2016-2018
* Final state: p
/Y o ptpT et —
* MC simulations for
* Signal: @
* Generated using Pythia8, JHUGen @ 6

* Background:
* Generated using Pythia8, Cascade, HelacOnia
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Background in X = J /Y] /W process

* Two main background contributions

* NRSPS: Non-Resonant Single Patron Scattering

* DPS: Double Parton Scattering
ﬂ\lon-Resonant Single Parton Scatterinﬁ
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* Combinatorial background

* Events contain one or zero J /Y
* Well described by NRSPS + DPS
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New resonances in ]/1/J]/1/J mass at CMS
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I\Ievv resonances in J /W] /1Y mass at CMS
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CMS Ex pe ment at the LHC, CERN
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* Three resonances in J /Y] /Y mass spectrum

* X(6600) —

- X(6900)

« X(7100) —

7.90 (NEW!)

- 9.80

4.7 (NEW!)
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I\Ievv resonances In ]/1/J]/1p mass at CI\/IS
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Comparison with some theoretical predictions
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https://arxiv.org/abs/2108.04017

summary & outlook

* New resonances in J /Y] /Y mass spectrum at CMS

¢ X(6600) — 7.90 (NEW!) Event display of a X(6600) canidae

CMS Experiment at the LHC, CERN
Data recorded: 2016-Aug-13 06:39:34.675328 GMT
. Run/ Event/LS: 278769 / 13873923 / 76

* X(6900) — 9.80
* X(7100) — 4.7¢ (NEW!)

* The coming Run IIl data will help In

further study of their properties

* Spin-parity, new decay mode -

Thanks - ;




Backup
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Mimic of LHCb model |
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First evidence of J /Y] /Y events in 1982
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Possible explanations of J /Y] /Y states
D

TABLE 1. Parameters used in Eq. (8) to calculate the cross sections

tion. (+) and {—) denote two degenerate 2** Q202 states. Except in the case of JJ, we take
41/ f;=0.03, due to the fact that the 2++ Q> ? are expected to lie not far above the threshold. e, is
determined from Eq. (11).
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