Observation of an excess of di-
charmonium events in the four-muon final

state with the ATLAS detector
LHCC, 27t November, 2023

A search is made for potential cccc tetraquarks decaying into a pair of charmonium states in the four muon
final state. Two decay channels, J/Y+] /Y — 4u and Jiy+P(2S) — 4, are studied. Statistically significant
excesses with respect to backgrounds dominated by the single parton scattering are seen in the di- j /¢

channel consistent with a narrow resonance at 6.9 GeV and a broader structure at lower mass. A
statistically significant excess is also seen in the J/ip+y(2S) channel.

Introduction Signal and backgrounds

» The quark model was proposed by Gell-Mann and » Signal process:
Zweig sixty years ago tetraquark — J/y+] /Y or J[Y+P(2S) — 4u
» Exotic hadrons were predicted at the same time as » Backgrounds:
conventional gqg mesons and qqq baryons » Prompt backgrounds: single parton scattering
» Lack of observations of full-heavy tetraquarks which (SPS) and double parton scattering (DPS)
can make the theory-experiment comparison easier » Non-prompt: bb — JY+] /Y (Y(2S)) — 4u
» First proposal of full-charm tetraquark (1975): » Single JY background and non-peaking
Prog. of Theor. Phys., Vol 54, No. 2 background containing no real J/iy candidate
» The first calculation of the full-charm tetraquark (Others)
mass (1981): Z. Phys. C 7 (1981) 317 > In the di-J//ip channel, the feed-down from
> First observation of potential full-charm JIY+P(2S) channel to di-J/y channel is treated
tetraquark X(6900) (2020): LHCb Science as an additional background
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