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● Hadron recipe: color 
neutrality 
○ Baryons (qqq) such that 

colors cancel
○ Mesons (qq̅) such that 

colors cancel
● Using this recipe can create 

hadrons with more than 3 
quarks (Gell-Mann)
○ Tetraquark (qq̅qq̅)
○ Pentaquark (qqqqq̅)

How should we 
think of 
pentaquarks?

Like this?

Or like this?

Images: http://press.web.cern.
ch/press-releases/2015/07/cerns-
lhcb-experiment-reports-
observation-exotic-pentaquark-
particles



These particles provide 
experimental insight into QCD

Dynamics of seemingly exotic 
events are relevant to 
extreme astronomical objects
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Image: K. H. Hicks, On the conundrum of 
the pentaquark, Eur. Phys. J. H 37 (2012)
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Image: K. H. Hicks, On the 
conundrum of the pentaquark, Eur. 
Phys. J. H 37 (2012)
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LHCb Tetraquark
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Image: Maximilien Brice (CERN), https://commons.wikimedia.
org/wiki/File:CERN_Aerial_View.jpg
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Fit without pentaquark states Fit with pentaquark states
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Muon 
Trackers
and Iron 
Absorbers

EM and Hadronic 
Calorimeters

Silicon strip 
tracking detectors

RICH

final states: 

initial state: Λ
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● Λ → ψ −
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top: Pythia logo   bottom: ATLAS 

collaboration geometry using Geant4
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Images: D∅, Perclass
http://www-d0.fnal.gov/Run2Physics/top/singletop_observation/
http://perclass.com/index.php/html/blog_comments/support_for_decision_trees/
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Changing frames makes the math simpler!



Two independent methods for removing background were used: explicit (cFit) 
and implicit (sFit)

Note: selection efficiencies based on simulated production and selection rates

Decay 
amplitude

Selection 
efficiency
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Extended, without pentaquark states Reduced, with pentaquark states
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❏ Total citations: 55 on Google 

Scholar, 6 on Scopus

❏ Article published in August 2015
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top: other pentaquark Feynman diagrams (1)
bottom: energy levels for soliton charmed mesons (2)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.051501
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.051501
http://arxiv.org/pdf/1509.04943v1.pdf
http://arxiv.org/pdf/1509.04943v1.pdf
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.094003
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.094003


●
○

●
○

●
○

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.122001
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.122001
http://arxiv.org/abs/1510.06648
http://arxiv.org/abs/1510.06648


Λ ψ


