Observation of J/iyp resonances consistent
with pentaquark states in A} — J/WK " p decays
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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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Decay chain
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Think of AY-> /YK ~p decay
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Dalitz plot

* mg,= 2.3 GeV is corresponding to A(1520) resonance
» There is a resonance mj, = 19.5 GeV

* To see they are real resonance, full amplitude analysis based
on helicity formalism is needed.
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We can describe the behavior of the resonance by
20 using a relativistic Breit-Wigner amplitude
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Environment of LHCb

« 7 TeV center of mass energy beam (1 fb~! of integrated luminosity)
« 8 TeV center of mass energy beam (2 fb™1)
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Full amplitude analysis

A->BC  Scattering amplitude =

HANE DA 2o (08,04, 0) Ra(mpe) = HLNE e dia, o (0a)Ra(mpe).
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« H : decay helicity coupling (free parameter)
« D : wigner D-matrix
« R : additional factor

« Energy released from decay is small, higher L
suppressed.
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Full amplitude analysis
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« Independent parameter : 9Ag,9A*,9¢,¢W¢K,pr A, rest fra%le
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* Possible coupling : 4 for J,« = 1/2, 6 for Jp+ > 1/2’///8// ----------
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Figure 16: Definition of the decay angles in the A" decay chain.



Full amplitude analysis
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The mass-dependent Rae(my,) and Bp, (mp,) terms are given by ot £ Ab et Famia q) .
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» Possible coupling : 2 for Jp+ =1/2, 3 for Jp+ > 1/2

Figure 17: Definition of the decay angles in the P! decay chain.

« p!B, — 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 : = (6,0, 05+, Oy, u, P ), Micy
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Figure 18: Definition of the #, angle.



Full amplitude analysis

« Use unbinned maximum likelihood fit
« Minimize —2mmL(W) — —2InY . Plmy, ;, 1) respect to free parameter set w
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where ®(my,) is the phase space lunction equal 1o pg, where p is the momentum of the
Kp system (i.e. A*) in the A} rest [rame, and g is the momentum of K in the A* rest
[rame, and [{ [JJ 15 Lhe normalization integral.

« Two independent fitting techniques with different background rejection schemes.
-> Determine € (selection efficiency)



Full amplitude analysis

« With only A resonance
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A(2100)  7/2 2100 200 1 b Figure 6: Results for (a) my, and (b) my, for the extended A* model fit without P! states.
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Full amplitude analysis

With PF(4380) with JP = 3/2* , P+ (4450) with JP = 5/2"

From null hypothesis, confidence levels are 9¢ and 12, respectively.
Low M = 4380+ 8 + 28 MeV and a width of 205 + 18 + 86 MeV
High M = 44498+ 1.7 + 2.5 MeV and a width of 39 + 5 + 19 MeV
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Figure 3: Fit projections for (a) mpp and (b) m g, for the reduced A* model with two P states
(see Table 1). The data are shown as solid (black) squares, while the solid (red) points show the
results of the fit. The solid (red) histogram shows the background distribution. The (blue) open
squares with the shaded histogram represent the P.(41450)" state, and the shaded histogram
topped with (purple) filled squares represents the P.(4380)" state. Each A* component is also
shown. T'he error bars on the points showing the [it results are due to simulation statistics.
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Figure 7: Various decay angular distributions for the fit with two P states. The data are shown
as (black) squares, while the (red) circles show the results of the fit. Each fit component is also
shown. The angles are defined in the text.



