
LHCb pentaquark...

R. Aaij et al. [LHCb Collaboration]

“Observation of J/Ψ p Resonances Consistent with Pentaquark States in

Λ0
b → J/ΨK−p Decays“
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Only Λ∗ states

 [GeV]pKm
1.4 1.6 1.8 2 2.2 2.4 2.6

E
v
e
n
ts

/(
1
5
 M

e
V

)

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

LHCb(a)

data

total fit

background

(1405)Λ

(1520)Λ

(1600)Λ

(1670)Λ

(1690)Λ

(1800)Λ

(1810)Λ

(1820)Λ

(1830)Λ

(1890)Λ

(2100)Λ

(2110)Λ

(2350)Λ

(2385)Λ

 [GeV]pψ/Jm
4 4.2 4.4 4.6 4.8 5

E
v
e
n
ts

/(
1
5
 M

e
V

)

0

100

200

300

400

500

600

700

800

LHCb(b)

2



LHCb pentaquark...

Added 1 or 2 pentaquark states
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7/2+ or 7/2-
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Best (3/2-,5/2+) M = 4380± 8± 29,

Γ = 205± 18± 86 MeV,

M = 4449.8± 1.7± 2.9 Γ = 39± 5± 19

Acceptable (3/2+, 5/2-) or (5/2+,3/2-)
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Description of mass distributions
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This system describes properties of Λ∗ states
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This system describes properties of Pc states
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Angular distributions are shown only for Λ∗ production
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Argand diagram
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Scattering amplitude for spinless particles

The quantum numbers are defined by the angular distribution i n c.m.s. of the resonance

AL = BW (s)PL(z)

|A0|
2 = BW 2(s), |A1|

2 = BW 2(s)z2, |A2|
2 = BW 2(s)
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The πN interaction. Three measurements are needed to fix quantum nu mbers

AπN = ω∗ [G(s, t) +H(s, t)i(~σ~n)]ω′ ~nj = εµνj
qµkν

|~k||~q|
.

G(s, t) =
∑

L

[

(L+1)F+
L (s) + LF−

L (s)
]

PL(z) ,

H(s, t) =
∑

L

[

F+
L (s)− F−

L (s)
]

P ′

L(z) .

Differential cross section in c.m.s. of the reaction

|A|2 =
1

2
Tr [A∗

πNAπN ] = |G(s, t)|2+|H(s, t)|2(1−z2)

the recoil asymmetry:

P =
Tr [A∗

πNσ2AπN ]

2|A|2 cosφ
= sinΘ

2Im (H∗(s, t)G(s, t))

|A|2
.

and the rotation parameter.
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|A|2 = |G(s, t)|2+|H(s, t)|2(1−z2) |A|2
P

sinΘ
= 2Im (H∗(s, t)G(s, t)) .

S1,1; G= F+
0 ; H= 0; |A|2= |F+

0 |2 (1)

P1,1; G= F−

1 z; H= −F−

1 ; |A|2= |F−

1 |2 (2)

P1,3; G= 2F+
1 z; H= F+

1 ; |A|2= |F+
1 |2(3z2+1)

Both S11 and P11 distributions are flat. Recoil asymmetry is zero for single p artial wave.

S1,1+P1,1 : P
|A|2

sin Θ
= −2Im(F+

0
F

−∗
1

) |A|2= |F+
0
|2+|F−

1
|2+2zRe(F+∗

0
F

−
1
)

S1,1+P1,3 : P
|A|2

sinΘ
= 2Im(F+

0
F

+∗
1

) |A|2= |F+
0
|2+|F+

1
|2(3z2+1)+4zRe(F+∗

0
F

+
1
)

P1,1+P1,3 : P
|A|2

sinΘ
=6zIm(F+∗

1
F

−
1
) |A|2= |F+

1
−F

−
1
|2+z

2
(

3|F+
1
|2−2Re(F+∗

1
F

−
1
)
)

.

S and P-waves can be extracted from the differential cross se ction and recoil

asymmetry. For higher partial waves the rotation parameter is needed.

11



LHCb pentaquark...

Production of vector mesons. Differential cross section, r ecoil asymmetry, rotation

parameter and spin density matrix elements are needed

dσ

dΩω dΩdec

=
dσ

dΩω

W (cosΘdec,Φdec)

πp → nω(π+π−π0) or γp → pω(π+π−π0)

W (cosΘ,Φ) =
3

4π

(

1

2
(1− ρ00) +

1

2
(3ρ00 − 1) cos2 Θ−

√
2Reρ10 sin 2Θ cosΦ− ρ1−1 sin

2 Θcos 2Φ
)

.

cosΘ,Φ direction of the vector n = εijkmpπ
+

j pπ
−

k pπ
0

m in the ω rest frame.

πp → nω(γπ0)

W (cosΘ,Φ) =
3

8π

(

1

2
(1 + cos2 Θ) +

1

2
(1− 3 cos2 Θ)ρ00+

√
2Reρ10 sin(2Θ) cosΦ + ρ1−1 sin

2 Θcos 2Φ
)

.

cosΘ,Φ angles of photon from ω decay in the ω rest frame

12



LHCb pentaquark...

Density matrix elements are very important. For example the ρ00 for the Pomeron

exchange in γp → pω is identically 0 while data are not
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An example: the π and Pomeron exchanges can describe the differential cross s ection

of the γp → pω reaction but not density matrix elements
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Simulation of ρ00 for resonance production γp → Resonance → pω. It provides

important information about resonance quantum numbers

1/2+ 3/2+ 5/2-
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Triangle singularity?
The triangle singularity defined by the a1(1260)→K∗(890)K transition generates the signal

with effective mass, width and intensity which corresponds exactly to the a1(1420) state

observed by the COMPASS collaboration.

f0(980)

π

K

K

K*(890)

3. M. Mikhasenko, B. Ketzer, A. Sarantsev. Phys.Rev. D91 (20 15) 9, 094015
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Triangle diagrams. M(Λb) = 5.619 GeV

M. Mikhasenko

“A triangle singularity and the LHCb

pentaquarks,”

arXiv:1507.06552 [hep-ph].
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s)+M(Σc)=3.044+2.453=5.497
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0)+M(Σc)=2.007+2.453=4.460

0++1/2+= 1/2+ Γ(D∗
s ) = 240 MeV

However it violates isospin conservation

and should be small.

F. K. Guo, U. G. Meißner, W. Wang and Z. Yang

“How to reveal the exotic nature of the

Pc(4450),”

Phys. Rev. D 92 (2015) 7, 071502
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(a) (b)

M(Λ∗)+M(χc1) = 1.890+3510 = 5.400

M(p)+M(χc1) = 0.940+3510 = 4.450

1++1/2+= 1/2+ or 3/2+

Γ(Λ∗) = 60− 200 MeV
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F. K. Guo, U. G. Meißner, W. Wang and Z. Yang
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Diquark-antidiquark mesons: masses and spin splitting par ameter

mS(q′q′′) = 650± 50 MeV , mA(q′q′′) = 750± 50 MeV ,

mS(cq) = 2000± 50 MeV , mA(cq) = 2050± 50 MeV

MB =
∑

j=1,2,3

mq(j) + b
∑

j>ℓ

~sj~sℓ
mq(j)mq(ℓ)

,

where ~sj and mq(j) refer to spins and masses of the constituents. b is characterized by

a size of the color-magnetic interaction in the discussed ha dron.

Masses of diquark-diquark subsystems (cq) · (q′q′′). For the diquark-diquark

subsystem we write:

M(cq)·(q′q′′) = m(cq) +m(q′q′′) + J(cq)·(q′q′′)

(

J(cq)·(q′q′′) + 1

)

∆(cq)·(q′q′′) ,

with the splitting parameter being of the order of that for th e diquark-antidiquark

system, ∆(cq)·(q′q′′) ∼ 70 MeV.
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Masses of the pentaquarks as a sum of masses of the constituen ts plus spin splitting

Mc̄·(cq)(q′q′′) = mc̄ +M(cq)·(q′q′′) + Jc̄·(cq)(q′q′′)

(

Jc̄·(cq)(q′q′′) + 1

)

∆c̄·(cq)(q′q′′)
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2 Pc̄·(cq)(q′q′′), I = 3

2

P
( 1
2 ,

1
2
−)

c̄ScqSq′q′′
(3800)

P
( 1
2 ,

1
2
−)

c̄ScqAq′q′′
(4190), P

( 1
2 ,

3
2
−)

c̄ScqAq′q′′
(4190) P

( 3
2 ,

1
2
−)

c̄ScqAq′q′′
(4190), P

( 3
2 ,

3
2
−)

c̄ScqAq′q′′
(4190)

P
( 1
2 ,

1
2
−)

c̄AcqSq′q′′
(4140), P

( 1
2 ,

3
2
−)

c̄AcqSq′q′′
(4140)

P
( 1
2 ,

1
2
−)

c̄AcqAq′q′′
(4100) P

( 3
2 ,

1
2
−)

c̄AcqAq′q′′
(4100)

P
( 1
2 ,

1
2
−)

c̄AcqAq′q′′
(4240), P

( 1
2 ,

3
2
−)

c̄AcqAq′q′′
(4240) P

( 3
2 ,

1
2
−)

c̄AcqAq′q′′
(4240), P

( 3
2 ,

3
2
−)

c̄AcqAq′q′′
(4240)

P
( 1
2 ,

3
2
−)

c̄AcqAq′q′′
(4520), P

( 1
2 ,

5
2
−)

c̄AcqAq′q′′
(4520) P

( 3
2 ,

3
2
−)

c̄AcqAq′q′′
(4520), P

( 3
2 ,

5
2
−)

c̄AcqAq′q′′
(4520)

Masses are given in MeV units, the uncertainty in the determi nation of masses is of the
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Possible other reactions:

Λb → PCπ
− → J/Ψpπ−

Λb → PCS(I = 0)π− → J/ΨΛφ

Σb → PCK
− → J/ΨpK

Σb → PC(I = 3/2)K− → J/Ψ∆(1232)K → J/ΨpπK

Σb → PCS(I = 1)φ → J/ΨΣφ
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Summary

1. If it is a genuine state, then it should be a spectrum of the p entaquark states.

Therefore other states should be searched in corresponding reaction.

2. The proper angular distributions (in c.m.s.) of the penta quark should be given.

3. The density matrix elements should be extracted and shown .

4. The contribution from the triangle diagrams should be inv estigated. The best, if it is

done on the level of the partial wave analysis to take into acc ount not only energy

dependence but also angular distributions from these diagr ams.
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