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l. Introduction

» Experimental results

e 2015 LHCb Collaboration, Phys. Rev. Lett. 115, 072001

* The two P/ states are found to have
masses and widths of
Mp_ (4380) = 4380 £ 8 + 29 MeV
ch (4380) = 205 i 18 i 86MeV
Mp_ (4450) = 4449.8 £ 1.7 + 2.5 MeV
ch (4450) = 39+ 5+ 19 MeV

 The preferred spin-parity J¥ are of
opposite values, with one state
having spin 3/2 and the other 5/2.




2019 LHCb Collaboration, Phys. Rev. Lett. 122 222001
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Figure 6: Fit to the cosfp.weighted m j;,, distribution with three BW amplitudes and a

sixth-order polynomial background. Tha:
15 of the P} states. The mass

s fit is used to determine the cent
thresholds for the X+ D% and

ral values of the masses
X4+ D*0 final states are

* The Pc(4312) was discovered
with 7.30 significance by analyzing
the J/Yp invariant mass spectrum.

* The previously reported Pc(4450)
structure was resolved at 5.40
significance into two narrow

states: the Pc(4440) and Pc(4457).

Table 1: Summary of P properties. The central values are based on the fit displayed in Fig. 6.

State

M [MeV |

[ [MeV ]

(95% CL) R [%]

P.(4312)"
P.(4440)7
P.(4457)7

4311.9 + 0.7+62
4440.3 + 1.3+41
4457.3 +0.6+41

08+4+2.7F 31
20.6 £ 4.9% 57

6.4 +2.0% 57

(<27) |0.30+0.071033
(<49) | 1.11+0.3370%
(<20) |0.53+0.161013
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> Our work

1) Dynamic calculation in the limited space
H. X. Huang, C. R. Deng, J. L. Ping, and F. Wang, Eur. Phys. J. C. 76, 624 (2016), arXiv:
1510.04648.
« One bound state: J¥ =1/2~ Nnc
* Resonance states? (Strong attraction between >c/>c* and D/ D*)
JP =1/27 3cD, 3cD*, 3c*D*
JP =3/27 3cxD, 2cD*, ScxD*, NJ/P
JP =5/2" 3c*D*

These states should couple to open channels to check whether they are
resonance states or not.

2) Resonance states in the scattering process

H. X. Huang and J. L. Ping, Phys. Rev. D. 99, 014010 (2019), arXiv: 1811.04260.
Six resonance states were found:

JP =1/2" 5cD, 5cD*, 5c*D*

JP =3/27 3cxD, 5cD*, ScxD*



ll. Dynamic calculation in the limited space
Eur. Phys. J. C. 76, 624 (2016)

» Quark model
Quark delocalization color screening model (QDCSM)

e QDCSM was developed by Nanjing-Los Alamos collaboration in
1990s aimed to multi-quark study.

(Phys. Rev. Lett. 69, 2901, 1992)

* Apply to the study of baryon-baryon interaction and dibaryons
deuteron, d*,
NN, NA, NQ, ...

* Apply to the study of baryon-meson interaction and pentaquarks
Nphi (hidden-strange system),
NK, Npi, ...



* Some examples

1). d* mass and width in NN scattering
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2). A mass and width in Npi scattering
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» Hidden-charm pentaquarks

Eur. Phys. J. C. 76, 624 (2016)

e The hidden charm pentaquark channels with |=1/2

Table 3 The channels involved in the calculation
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* The single channel calculation

j[' - _.L* jl" - ;‘_
Hee 0.01 0.001 0.0001 Mee 0.01 0.001 0.0001
ub ub ub NI/ ub ub ub
ub ub ub ALY ub ub ub
o wow fep mie= Pc(4450)
0w w o (ED EZTD 8w Pc(4380)

=19/4300  —15/4304 —13/4306 cD* —17/4510 —15/4512 -13/4514

~21/4441  —19/4443 —18/4444 JP =3

-24/4503  =23/454  -21/4506 -15/4512  -10/4517  —10/4517

Comparing with the LHCb’s result in 2015

v The main component of the Pc(4380) maybe 3c*D with J¥ =3/27 .

v’ The mass of the cD* with J¥ = 3/27 is close to the reported Pc(4450), but
the opposite parity of this state to Pc(4380) may prevent one from making
this assignment at that time.



* The channel-coupling calculation

Table 6 The masses (in MeV)
of the hidden-charm molecular
pentaquarks with all channels
coupling and the percentages of
each channel in the eigen-states

N1, 41.7 497 352 NI/w 808 710 621 D' 1000 1000 100.0
NIjw 231 244 293 A D' 87 119 159

A:D 146 11.7 14.5 z.D* 1.2 1.9 2.6

AD* 0.9 04 2.0 D 3.5 5.8 73

D 0.1 48 6.0 ) 25 ) 58 94 121

D" 4.5 64 124

D' 15 2.6 0.6

v Abound state: J¥ =1/27 Nnc
v JP =3/27 NJ/U (decayto open channels: D-wave Nnc)
v' JP =5/27 5c*D* (decayto open channels: some D-wave channels)
v" Where are these states?
JP =1/2" 3¢D, 3cD*, 3c*D* (decay to open channels: S-wave Nnc, NJ/J, AcD,
AcD* and some D-wave channels)
JP =3/27 3cxD, 2cD*, Sc*D* (decay to open channels: S—-wave NJ/, AcD *and
some D-wave channels)

They maybe the resonance states.
To check whether they are resonance states or not, the study of scattering process of
the corresponding open channels are needed !



lll. Resonance states in the scattering process

» Hidden-charm pentaquarks

arXiv: 1811.04260, Phys. Rev. D. 99,
014010 (2019)
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TABLE Il The masses and decay widths (in MeV) of the 1J¥ = 13- resonance states in the Ny, NJ /y, A_D, and A _D* §-wave
scattering process.

Two-channel coupling Four-channel coupling
D LD oD LD LD

M [ M [ M [ M [ M [
Ny, 43129 60 4517 L1 45231 35 45 45258 40
Ny 43099 20 4616 40 45147 12 .2 nr
AD 43084 0.003 44526 1O 45126  0.004 0.02 nr
AD* 43116 35 4525 1.0 45108 0.005 1.4 nr
[ 11.5 1.1 47 / 1.1 40

Pc(4312) Pc(4457)



2. JF=3/2"
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TABLE IIL
177 =13
scattering process.

The masses and decay widths (in MeV) of the
resonance states in the NJ/yw and A_D* S-wave

Two-channel coupling

- 29 ) g ek ) D"
M’ I; M’ ; M’ I;
NJ/y 44538 Wy 4379.7 4.5 45264 2.5
A D? 4452.7 0.8 4377.6 3.2 45227 1.8
I ioeal Z3 7.7 43

Four-channel coupling

b W ) o 2ol 5 o )
M’ I; M’ I; M’ I,
NJ/y 13 1.3 nr
A D* 0.3 0.9 4523.0 1.0
I ioea / 1.8 \ D [24 1.0

/ \
Pc(4440) Pc(4380)




» Compare with the experiment
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LHCb Collaboration, Phys. Rev. D. 99, 014010 (2019),
Phys. Rev. Lett. 122 222001 (2019) arXiv: 1904.00221



» Hidden-bottom pentaquarks
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FIG. 6. The Nn,, NT, A,B and A,B* S-wave phase shifts with

four-channel coupling for the IJ* = %;—’ system.

TABLE IV. The masses and decay widths (in MeV) of the 1J” = %%‘ resonance states in the Nu,, NT, Ay B, and A, B* S-wave
scattering process.

Two-channel coupling Four-channel coupling
2,B X,B’ z,B* 2B X,B* Xz, B*
M" r‘. M' r‘ Mf r,' %’\ rt /K’
Nn, 11083.3 4.0 11123.9 1.4 111545 47 1079.8\ 1.2 11120. .
NT 11080.4 1.4 111354 6.6 11 146.2 2.0 11077.5 0.1 111258 111535
A,B 11079.0 0.0003 111254 20 111451 049 \11077.2 ] 0.001 11122.0 111418
A,B* 11082.2 2.6 11126.2 23 111427 0.22 1078.3/ 03 11123.

B 7.0 12.3 7.4




2. JF=3/2"

- R TABLE V. The masses and decay widths (in MeV) of the 1J¥ =
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* The results are similar to the hidden-charm pentaquarks.
 Some narrow hidden-bottom pentaquark resonances above 11 GeV are
found from corresponding scattering process.



IV. Summary

1. The measured states are resonances, it is better to do channel-coupling scattering
calculation rather than as bound state calculations.
2. The state with the positive parity is unbound in present calculations.
3. Several bound states and resonance states with negative parity are obtained:

-- A bound state: Nnc JP =1/2~

-- Four reported resonance states:

Pc(4312):3cD JP =1/2~  Pc(4380): 2c*D JP =3/27?

Pc(4440) and Pc(4457): 2cD* JP =3/27,1/2~

-- Four more resonance states:

sc*D* JP =1/27,3/2 scxD* 5/27,NJ/g JP =3/2~

4. For the hidden-bottom system, the results are similar. Several resonance states are found
from corresponding scattering process. The masses of these states are all above 11 GeV

while their widths are only a few MeV.






