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Pentaquark

• Pentaquark is a particle which consists of four quarks and a antiquark.

• There were a few experiments results asserting discovery of pentaquarks.

• In 2015, LHCb has found the charmonium-pentaquark states.
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Dalitz plot

• 𝑚𝐾𝑝
2 = 2.3 GeV is corresponding to Λ(1520) resonance

• There is a resonance 𝑚𝐽𝑝
2 = 19.5 GeV 

• To see they are real resonance, full amplitude analysis based 
on helicity formalism is needed.



Environment of LHCb

• 7 TeV center of mass energy beam (1 𝑓𝑏−1 of integrated luminosity)

• 8 TeV center of mass energy beam (2 𝑓𝑏−1)



Full amplitude analysis

• H : decay helicity coupling (free parameter)
• D : wigner D-matrix
• R : additional factor

• Energy released from decay is small, higher L 
suppressed.

A->BC     Scattering amplitude =

𝐽𝐴 = 𝐿 + 𝑆 , 𝑆 = 𝐽𝐵 + 𝐽𝐶



Full amplitude analysis

• Independent parameter : 𝜃Λ𝑏
0 , 𝜃Λ∗ , 𝜃𝜓, 𝜙𝜇 , 𝜙𝐾 , 𝑚𝐾𝑝

• Possible coupling : 4 for 𝐽Λ∗ = 1/2, 6 for 𝐽Λ∗ > 1/2



Full amplitude analysis

• Possible coupling : 2 for 𝐽𝑃𝑐+ = 1/2, 3 for 𝐽𝑃𝑐+ > 1/2

• 𝑝𝐿𝐵𝐿 → Blatt-Weisskopf functions



Full amplitude analysis

• Muon and Proton are particles of the final state that should be observed.

• Relating the result of two decay chain is needed.

• Independent parameter : Ω = (𝜃Λ𝑏
0 , 𝜃Λ∗ , 𝜃𝜓, 𝜙𝜇 , 𝜙𝐾 ),𝑚𝐾𝑝



Full amplitude analysis

• Use unbinned maximum likelihood fit 

• Minimize                                     with respect to free parameter set 𝜔

• Two independent fitting techniques with different background rejection schemes.

-> Determine 𝜖 (selection efficiency)



Full amplitude analysis
• With only Λ resonance 



Full amplitude analysis

• With 𝑃𝑐
+(4380) with 𝐽𝑝 = 3/2+ , 𝑃𝑐

+ 4450 𝑤𝑖𝑡ℎ 𝐽𝑝 = 5/2−

• From null hypothesis, confidence levels are 9𝜎 and 12𝜎, respectively.

• Low M = 4380± 8 ± 28 MeV and a width of 205 ± 18 ± 86 MeV

• High M = 4449.8± 1.7 ± 2.5 MeV and a width of 39 ± 5 ± 19 MeV




