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l. Introduction

» Experimental results

LHCb Collaboration, prL 115, 072001 (2015)

* 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 i 5 i 19 MeV

* The best fit solution has spin-parity
J¥ valuesof (3/27,5/2%).

» Acceptable solutions are also found
for additional cases with opposite
parity, either (3/2%,5/27) or
(5/2%,3/27).



(b) m; j,p for the reduced A* model with two P states
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(b) myy,, for the extended A* model fit without P states.
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Figure 6: Fit to the cosflp.-weighted m ., distribution with three BW amplitudes and a
sixth-order polynomial background. This fit is used to determine the central values of the masses
and widths of the P* states. The mass thresholds for the ‘_+D[ and X+ DY final states are
superimposed.

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

State M [m\-’] [ [MeV]  (95% CL) R [%
P.(4312)* | 431190755 | 08+27H 30 (<27) | 030400733
P.(4440)* | 44403 £1.3%1 | 206 £4.07 37 (< 40) | 1.11£0.33+02
P.(4457)% | 44573 £ 06711 | 64£20° 77 (<20) | 0.53£0.1675;
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Dynamically generated N* and A* resonances in the hidden charm sector around 4.3 GeV
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The interactions of DX _-DA,_, D*¥.-D*A_, and related strangeness channels, are studied within the
framework of the coupled-channel unitary approach with the local hidden gauge formalism. A series of
meson-baryon dynamically generated relatively narrow N* and A* resonances are predicted around 4.3 GeV in
the hidden charm sector. We make estimates of production cross sections of these predicted resonances in pp
collisions for the experiment of antiproton annihilation at Darmstadt (PANDA) at the forthcoming GSI Facility
for Antiproton and lon Research (FAIR) facility.
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The possible hidden-charm molecular baryons composed

. #
of anti-charmed meson and charmed baryon
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Abstract With the one-boson-exchange model we have studied the possible existence of the very loosely

bound hidden-charm molecular baryons composed of anti-charmed meson and charmed barvon. Our numerical
- : e : 2 —y 13— 3,17y 3.3, - .
results indicate that there exist £.D" states with I(J¥) = 2(3 ).3(37).3(3).3(37) and T.D state with

%[—t_ ). But the A.D and A_D* molecular states do not exist.




Il. Quark model and calculation method

> Quark model

* QDCSM was developed by Nanjing-Los Alamos
collaboration in1990s aimed to multi-quark study.  (PRL
69, 2901, 1992)

 Two new ingredients (based on quark cluster model
configuration):
quark delocalization (orbital excitation)
color screening (color structure)

* Apply to baryon-baryon interaction and dibaryons
NN, N A, NQ, ... |
deuteron > success !
d*
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» Calculation method

(1) Resonating group method (RGM)

In RGM, the multi-quark wave function is approximated by the cluster
wave function,

(&1, €2, R) = A[p(€1)d(€2)x(R)]

The internal motions of clusters are frozen and the relative motion
wave function satisfies the following RGM equation

JH[R”.Rxhiﬁxjr.’}?" — .EJ:"I.'I:RH.R!:I".III:H!:IF.?R!

H(R" R" . " H
— <-Ll[r.'uf.>'2-"l (R — R")]
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RGM equation

f LR R )(R)dR =0

LR R)y=H(R'"\R')— EN(R" R

i
Vi

-5+ VE(R) ~ EJd(R ~ R) + H*X(R', R) - ENF¥(R',R)




(2) Kohn-Hulthen-Kato(KHK) variational method

\(R)=u(R)/R

or,

Scattering wave functionuy(E)

: u(0) =10
ug(R) = (i (k. R) + Sh(k R)R, R > Re ‘ S =

2i0],

Sf L
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I1l. Bound state calculation
Eur. Phys. J. C. 76, 624 (2016)

» Hidden-charm pentaquarks

Tahle 3 The channels involved in the calculation

e The hidden charm

5=1 N NJJ AcD A D T D .
? e " ¢ ‘ ‘ pentaquark with 1=1/2
. n* ol

s=3 NJj AcD* £, D* E*D T*p

§=3 *p*
JP = %_ 7P = ';_
Jee 0.01 0.001 0.000] Uer 0.01 0.00] 0.0001
Nn; ub ub ub NI ub ub ub
NIy ub ub ub A DF ub ub ub
v w w w rp =& Pc(4450)
AD* ub ub ub 1l -17/4367 B ) PC(4380)
D —19/4300 —15/4304 —13/4306 Er" n# —17/4510 —153/4512 —13/4314
DY 20441 —19/4443  —18a4 I =37

EXO® 2474503 2374504 2104506 EXDY 0 —15/4512 0 —10/4517 1074517




Table 5 The masses (in MeV)
of the hidden-charm molecular
pentaquarks of J* = 17 with
three closed channels Euupllng
and the percentages of each
channel in the eigen-states

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

Table 7 The masses (in MeV)
of the hidden-charm molecular
pentaquarks of J¥ = 37 with
three closed channels Euupling
and the percentages of each
channel in the eigen-states

It e (.00 (L0001
M. 4300 4439 4501 4302 4440 4503
E D 6.0 25 45 6.7 2.1 4.2
I D* 3.2 933 1.0 2.7 937 1.1
ZiD* 0.8 2.2 945 0.6 2.2 94.7
JP=1 =3 .-"‘p=§r_
Hee (0, c | T . 1 e 001 00001 0.0001
M JEEl 38BB3  3ER4 M 3997 3998 3998 M 4512 4517 4517
Nn: 417 497 352 Nt/ BOE 7L0 621 ;D* 1000 1000 100.0
NSy 231 244 293 Ao D* 87 119 15.9
AcD 146 11.7 14.5 r.n* 1.2 1.9 2.6
A D* 0.9 0.4 2.0 D is 5.8 7.3
D 0.1 4.8 6.0 ; p* 5.8 9.4 12.1
I D* 4.5 6.4 12.4
:D* 151 26 0.6
HMer 0.0 (.00 (L0001
M éﬁl 4445 45@ 4365 4450 4553 4368 4451 4554
. D* i8 26.2 1.4 1.6 98.0 1.0 1.2 98.5 0.8
D 21.0 2.8 4.0 94.1 1.0 3.7 23.5 0.7 30
ID* 5.2 1.0 246 43 1.0 953 33 0.8 26.2




» Hidden-bottom pentaquarks

Table8 Thebinding energies (in MeV)of the hidden-bottom molecular

i Table 10 The masses (in MeV) of the hidden-bottom molecular pen-
pentaquarks of I = 5

taquarks of [ = % and the percentages of each channel in the eigen-

g — 1 JP— 3 JP— 3" states
- - - JII==];_ j.ﬂ'=§r‘ JP:"?'_
Nnp uh NT(15) uh E;B* —14 — - -
NT(15) ub ApB* ub Mee 10,304 Mo 10,382 Mee 11.143
ApH ub EpB* —14 Nnp 138 NT(l5) 346 EEH* L0
ApB* ub LB —15 “NT(ls5) 14.7 ApB* 32.6
Ty B —15 L} B* —16 ApR 24.2 EnB* 18.7
TpB* —21 ApB* 5.2 LB 13.7
T} B* —24 IrB 2.1 I, B* 0.4
Epl* 0.7
Table 9 The masses (in MeV) of the hidden-bottom molecular pen- }:EH* 19.3

taquarks with three closed channels coupling and the percentages of
each channel in the eigen-siates

M- 11,070 11112 11.132
JP=1
B To.8 124 21 . .
. . ® The results are similar to the
pB 21.7 67.7 10.2 i
T} B* 1.5 19.9 81.7 hidden-charm molecular
Mo 11,091 11,121 11,138 pentaquark
JP=3
E,g,H: 5.1 265 9.5
Esﬂ T4 7.8 a.7

Ty 16.5 3.7 218
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IV. Resonance state and decay width

> Hidden-charm pentaquarks Phys. Rev. D. 99, 014010 (2019)

The Ny, NJ/y, A.D, and A_D* S-wave phase shifts with two-channel coupling for the 1J” = 11~ system.
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* The phase shifts of the open channels clearly show three
resonance states.



FIG. 2. The Ny., NJy, A,D, and A_D* S-wave phase shifts
with four-channel coupling for the 1J” = 35~ system.
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TABLE II.  The masses and decay widths (in MeV) of the 1J” = 21~ resonance states in the Ny, NJ /y, A.D, and A D* §-wave

scattering process. P

Two-channel coupling f our-channel coupling
3,0 3, 5D | ' /Ly

M [ M [ M [ M / [ M I
Ny, 43129 6.0 4517 L1 452301 35 4311 45258 40
NIy 43099 20 4616 40 45147 12 43079 r o
AD 43084 0.003 44526 10 45126 0.004 | 4306.7 nr
AD 43116 35 4525 1.0 45108 0.005 '\ 43077 nr
[ [1.5 1.1 47 4.0

Investigating the hidden-charm and hidden-bottom pentaquark resonances
in scattering process

Hongxia Huang* and Jialun PingTT
Department of Physics, Nanjing Normal University, Nanjing, Jiangsu 210097, China
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FIG. 3. The NJ/y and A.D* S-wave phase shifts with two-

channel coupling for the 1JF = 13~ system.
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FIG. 4. The NJ/y and A.D* S-wave phase shifts with four-

channel coupling for the
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TABLE IIl. The masses and decay widths (in MeV) of the
IJ¥ =14 resonance states in the NJ/yw and A_.D* S-wave
scattenng process.

Two-channel coupling
>.D* 2.D .D*
M’ I"; M’ I; M’ p

NJ [y 44538 1.7 4379.7 4.5 45264 2.5
A D? 44527 0.8 4377.6 3.2 45227 1.8

I iotal 2.5 1.7 4.3
Four-channel coupling
2.D? XD 2.D?
M’ I'; M’ I; M’ I';
NJ [y 4445.7 1.5 4376.4 1.5 nr

A
Pc(4440)  Pc(4380)




» Hidden-bottom pentaquarks

The Nny,, NY, A,B, and A,B* S-wave phase shifts with two-channel coupling for the 1J” =11~ system.
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TABLE IV. The masses and decay widths (in MeV) of the IJ" = 11~ resonance states in the Ny, NT, A, B, and A,B* S-wave
scattering process.

Two-channel coupling

Four-channel coupling

Zp ¥,B* B X ¥,B* B
M’ [ M’ I'; M’ I; M’ I'; M’ I; M’ I';
Nn,, 110833 4.0 11123.9 1.4 111545 47 11079.8 1.2 111206 04 111569 20
NT 110804 14 11135.4 6.6 111462 2.0 11077.5 0.1 111258 0.8 111535 3.0
A, B 11079.0  0.0003 11125.4 20 111451 (.49 11077.2  0.001 111220 0.6 111418 0.1
A, B* 110822 2.6 11126.2 2.3 111427 0.22 110783 03 111230 1.2 111415 04
[iotal 7.0 12.3 7.4 1.6 3.0 55
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TABLE V. The masses and decay widths (in MeV) of the "
13~ resonance states in the NT and ApB* S-wave scatterin

PTOCESS.

=

[

Two-channel coupling
X, B LB L B*

M’ I M’ [; M’ [

NT 11263 1.7 111058 44 111557 38
Ayt 111255 09 111035 26 111520 27

[ iotal 2.6 7.0 6.5
Four-channel coupling
2, B 2B Lz B*
M’ I, M’ T M I
NT 111227 02 111036 0.8 nr o
ApBt 111222 02 111024 03 111500 18
[ ioial 0.4 1.1 1.8




V. Summary

For JP =1/27, it is possible to form bound states: Nnc and there exists some resonance
states: 2cD, 2cD*, Zc*D*.

For ]P = 3/27, there exists quasi-bound states: NJ/ib; and some resonance states: 2c*D,
2cD*, 2c*D.

For JP =5/27, there exists quasi-bound states: Sc*D*.

Pc(4380): 2c*D, JP =3/2~
Pc(4312): 2cD, JP=1/2"
Pc(4440): 3cD*, J¥ =1/270r 3/2"

Pc(4457): 2cD*, J¥ =1/270r 3/2"

For the hidden-bottom system, the results are similar. Both the resonance states with
IJP =1/2 1/27andIJP =1/2 3/2" are found from corresponding scattering
process. The masses of these states are all above 11 GeV while their widths are only a

few MeV.

Thank you!



