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Motivation

• In 2015 charmed pentaquark state P+
c in the spectrum

N + J/ψ

• In 2019 additional anaysis showed one additional peak

• upper Pc (4450) peak are in fact two peaks

• no additional info about Pc (4380)

• 2019 results confirmed by D0 collaboration (old Fermilab
data)

• Pc was not seen by GlueX experiment γp → J/ψp

• most belived interpretation at the moment Pc is bound state

of ¯D0(∗)Σ
(∗)
c
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Strong decay of P+
c

• ~P = ~pH1
+ ~pH2

= 0

• P+
c : uudcc̄

• Simulation are made in approximation of 1 channel
scattering for J/ψ − p

• It should be sufficient to study scattering until
|pHi
|2 = 2, we could be able to see both P+

c states

• other possible channels: (D̄0 − Σ+
c ,D̄∗0 − Σ+

c ,...)
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Single hadron results
N3 × NT Nf a[fm] L[fm] #config mπ[MeV]

163 × 32 2 0.1239(13) 1.98 280 266(3)

• Both hadrons
(nucleon and J/ψ
meson) were
simulated with
momentum |p|2 = 0,
|p|2 = 1 and |p|2 = 2

• Nucleon: 2 operators
for each value of
momentum

• J/ψ: 2 operators for
each value of
momentum

4 6 8 10 12
Δt

0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00
Eeff[l.u.]

Nucleon

|p 2 =0

|p 2 =1

|p 2 =2

6 8 10 12 14
Δt

1.54

1.56

1.58

1.60

1.62

Eeff[l.u.]
J/ψ Meson

|p 2 =0

|p 2 =1

|p 2 =2

5 / 11



Example: Scattering in P+
c pentaquark candidate channel:

for irrep H− and J = 3
2 , S = 3

2 , L = 0 and |p|2 = 0
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Results for scattering in irrep G−1 (pentaquark candidate
channel)

• state with |p|2 = 0 : (J = 1
2
, S = 1

2
, L = 0)

• state with |p|2 = 1 : (J = 1
2
, S = 1

2
, L = 0),

(J = 1
2
S = 3

2
, L = 2)

• states with |p|2 = 2 : (J = 1
2
, S = 1
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, L = 0) ,
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2
, S = 3
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All calculated energies J/ψN
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• We see all states expected by the
non-interacting limit

• No additional states

• No strong indication of P+
c
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All calculated energies ηcN
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Comparation between lattice and exp results
GlueX experiment
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• γp → Pc → J/ψp

• Pc coupled only to the
J/ψ − N channel

• Pc is not observed

LHCb and D0 experiment
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• Pc is not coupled only to
J/ψ − N channel

• Pc is observed

Comment:

• the Pc is probably not coupled only to the J/ψ − N channel

• experimental results and our lattice results agree

• Lattice study of coupled channels (D̄0Σc ,D̄∗0Σc , J/ψN,...) is needed
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Conclusion

• Results of one channel approximation for J/ψ − N scattering
including the P+

c channels

• Degeneration of states is caused by spin of particles, all these
states are observed

• In our approximation there is no sign of extra eigenstate or
significant energy shift, which would indicate to P+

c state

• P+
c is probably a result of other neglected effects (coupled

channels effect,...)
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Old LHCb results for Pc
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Prediction of spectrum for Pc coupled only to J/ψ − N
channel

ΓP=G1
-

JP=(
1

2
)-

N[0]J/ψ[0]

N[1]J/ψ[-1]

N[2]J/ψ[-2]

Pc
+(4312)

E
n
-
1/
4
(3
m
J
ψ
+
m

η
c
)

Pc
+(4312) with JP=1/2-

(ℓ1=0, S1=1/2)

ΓP=G1
-

JP=(
1

2
)-

N[0]J/ψ[0]

N[1]J/ψ[-1]

N[2]J/ψ[-2]

Pc
+(4440)

E
n
-
1/
4
(3
m
J
ψ
+
m

η
c
)

Pc
+(4440) with JP=1/2-

(ℓ1=0, S1=1/2)

ΓP=H-

JP=(
3

2
)-,(

5

2
)-

N[0]J/ψ[0]

N[1]J/ψ[-1]

N[2]J/ψ[-2]

Pc
+(4457)

E
n
-
1/
4
(3
m
J
ψ
+
m

η
c
)

Pc
+(4457) with JP=3/2-

(ℓ1=0, S1=3/2)

ΓP=H-

JP=(
3

2
)-,(

5

2
)-

ΓP=G2
-

JP=(
5

2
)-

N[0]J/ψ[0]

N[1]J/ψ[-1]

N[2]J/ψ[-2]

Pc
+(4380)

E
n
-
1/
4
(3
m
J
ψ
+
m

η
c
)

Pc
+(4380) with JP=5/2-

(ℓ1=2, S1=3/2)

13 / 11



JP l mM + mB M B
[MeV]

1
2

−
0 3921 ηc p

4034 J/ψ p
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2
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Combining single hadron correlators

• ~P = ~pH1 + ~pH2 = 0

• Operators in Partial wave method:
O|p|,J,mJ ,L,S =

∑
mL,mS ,ms1,ms2

C
JmJ
LmL,SmS

C
SmS
s1ms1,s2ms2

∑
R∈O Y∗LmL

(R̂p)H
(1)
ms1

(Rp)H
(2)
ms2

(−Rp)

• Subduction to irrep: O
[J,L,S]
|p|,Γ,r =

∑
mJ
SJ,mJ

Γ,r O |p|,J,mJ ,L,S

J irrep
1
2 G1
3
2 H
5
2 H ⊕ G2
7
2 G1 ⊕ H ⊕ G2

• All explicit expressions for H1(p)H2(−p) operators :
(S. Prelovsek, U.S., C.B. Lang ; JHEP 2017(1), 129.).

• Subduction coefficients SJ,mJ
Γ,r are given in:

(J. Dudek, et.all; PRD 2010(82), 034508)
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Results for the H− irrep
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Quantum number basis for J/ψ − N-part 1

irrep type-number p2 J l S

G−1 1 0 1
2
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2
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2
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2
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2
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2
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Quantum number basis for J/ψ − N-part 2

irrep type-number p2 J L S
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Quantum number basis for ηc − N

irrep type-number |p|2 J L S

G−1 1 0 1
2 0 1

2
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2
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2
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2 1 2 5
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2
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2 2 1
2

3 2 5
2 2 1

2

H+ 1 1 3
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