Search of multi-strange dibaryons and hidden-
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« Ordinary hadrons consist of two or three valence quarks, while exotic hadrons like __Nature 588 (2020) 232-238

dibaryons and pentaquarks consist of six valence quarks and five valence quarks, i
respectively {, I oot
Coulomb + p-=-HAL QCD
N 25 Coulomb + p—Q~ HAL QCD elastic
« Dibaryons and pentaquarks are very useful probes to study hadron interactions in 8 ol | § T Coulom oo HALGOD st st

ultrarelativistic heavy-ion collisions

« The structure of such exotic states could be (i) a 6 (5) quark bag or (ii) a molecular “r oo
baryon-baryon (baryon-meson) state £ v
. LHCb Collaboration, Phys. Rev. Lett. 122,
(1) g@ (i) /@ ® 222001 (2019)
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» Recent two particle correlation measurements with ALICE suggest an attractive

potential between pE~ & NQ~. pE- may form a resonant state and NQ- may form a
bound state.
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« No dibaryon has yet been discovered, though LHCb has observed a signal for
hidden-charm pentaquarks. Could there be an analog in the strange sector?
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Each hadron decays strongly at the primary collision
vertex. These exotic hadron candidates are reconstructed
via invariant mass distributions of their decay daughters.

Dibaryon: Pentaquark:
(uuddss) (uudss/uddss)
H-oA+A P, - ¢+p
H-op+E™ P, - K+A

P, - K*+ A
(uddsss) P, - K+ X*
nQ- > A+E"

A. Andronic et al., Nature 561 (2018) 321

Sub detectors used for N
3. TPC 8. Muons

this analysis

e |ITS - Tracking and
vertexing

« TPC - Tracking and PID
(dE/dx)

« TOF - PID (time of flight)
« VO-Trigger and
multiplicity estimator

Standard ALICE PID and
topological cuts are used
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5. TOF
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for particle reconstruction.

Statistical hadronization models predict that hadron yields are dependent on the
mass of the hadron and the chemical freeze-out temperature

dN (—m)
— ~eXx
dy > Tch

Mass predictions for strange dibaryons lie in the range from ~2.2 — 2.6 GeV/¢?
(Phys.Rev.Lett. 38 (1977) 195-198), while hidden-strangeness pentaquark mass
predictions lie around ~2.255 GeV/c? (Phys. Rev. D 97, 094019 (2018))

The available data sample for pp and p-Pb is suitable for these searches




Dibaryon channels in this analysis are analyzed using ~1 billion high

multiplicity Vs = 13 TeV pp collisions

Dibaryon channels in this analysis are also analyzed using ~600

million minimum bias v's = 5.02 TeV p-Pb collisions

Figures show invariant mass distributions for dibaryon channels

H->A+A H-op+E7, andnQ™ - A+ E"

- Left Panels: Dibaryon distributions for p-Pb collisions

- Right Panels: Dibaryon distributions for pp collisions

The shaded region of the invariant mass distribution is the expected

mass range for a dibaryon signal
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Pentaquark channels in this analysis are analyzed using ~2 billion minimum bias

Vs = 13 TeV pp collisions
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P, - ¢ +p (left), P, » K++ A (upper right), and P, — Ko + A (lower right)

Figures show invariant mass distributions for pentaquark channels

Uncorrelated background is estimated via event mixing technique

pentaquark signal based on theoretical predictions. No signal is detected for

The shaded region of the invariant mass distribution is where we expect a
these regions.
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Figures show invariant mass distributions for
pentaquark channels

- P, —» K*+2* (upper left)
— KO+ »**+ (upper right)
- K** + A (lower left)
— K*0 + A (lower right)
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Summary and Outlook

« No signal is seen for both the multi-
strange dibaryons and the hidden-
strangeness pentaquarks

« Upper limits to particle yields will be
determined with further analysis

« Run 3: higher statistics may be used to
further analyze exotic matter decay
channels with higher precision




