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anti-triplet as anti-quarks q. Baryons can now be . : el b sl e e, prediuci
3 L ] 1 it I e T A
constructed from quarks by using the combinations In general, we would expect that barycns are pbuilt rnot cnly Iromr tne b

(qaq), (qgaqqq), etc., while mesons are made out of three aces, AAA, but alsc from AAAAA, AAAAAAA, etc,, W.Eere _&
of (qgd), (qqqq), etc. It is assuming that the lowest denotes an anti-ace., Similarly, mesons could be formed from AA, A4AAA
baryon configuration (qqq) gives just the represen- etc, For the low mass mesons and baryons we will assume the simplest
tations 1, 8, and 10 that have beeri observed, while possibilities, 74 and AMA, that is, "deuces and treys".

the lowest meson configuration (q q) similarly gives

just 1 and 8.

Conventional states:

Hadron -

@@ (-

Compact multiquark states Molecule states Hybrid Glueball

- Exotic states:




Background

4 History of pentaquark states Bing-Song Zou, Sci.Bull66, 1258(2021)
| AQ1405) |
¢ KN molecule state udsqq Dalitz and Tuan, PRL2, 425-428(1959)
one quark in an orbital p-wave excitation. After about 50 years’
¢ 1961 A(l 405) =X fighting on whether it is a (uds)-system or (udsqq)-system (with
g denoting light quark) of the KN type, until 2010, the Particle Data
¢ 1964 Quark Model ——> an excited state uds Group still claimed that “The clean A. spectrum has in fact been

taken to settle the decades-long discussion about the nature of

* the A(1405) - true 3-quark state or mere KN threshold effect? -
N (1 535) unambiguously in favor of the first interpretation”. A similar situ-

Bo-Chao Liu,et.al PRL96, 042002(2006)
€ an excited state ¢gqq

[9+ (1540) ] Yan-Rui Liu,et.al PRC69, 035205(2004)

_ __ deca
¢ DU and D", molecule states —3 J/yp and J/yA i jun Wu.et.al PRL105, 232001(2010)

with mass above 4 GeV and width smaller than 100 MeV .



Background

In 2015, The LHCb Collboration observed two hidden-charm pentaquark states in A — J/¥pK ™ channel
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R.Aaij et.al PRL115, 072001(2015) R.Aaij et.al PRL112, 222001(2019)



Background

2015
2019

2021

2022
2022

Molecular states are loosely bound states

composed of meson-baryons by the long- bound states of five quarks by the

Mass(MeV) I' (MeV)  observed channels
P.(4380)T[1] 4380 £8+29 215+18+86 A} — J/ypK~  uudcc
P.(4312)T[2] 4311.940.7t%% 98+ 27737 A) - J/ypK~ uudcc
P.(4440)T[2] 4440 +1.3*% ; 20.6 £4.97%7, AY — J/YpK~ uudcc
Pc(4457)+ 2] 4457.3+0.671L 6.44+2.0737  A) = J/YpK~ uudcc
Pcs(4459) 4458.8 £ 291777 173+6.5750 = — J/YAK~ udscc

P.(4337)%[3] c
P..(4338)° [5] 4338.2 + 0. 710470412413 B- - J/yAp  udscc

A8

29+26 —+—14

BY — J/ypp  uudcc

range color-singlet meson exchange.

Compact pentaquark states are

short-range one-gluon exchange

R.Aaij et.al PRL115, 072001(2015)
R.Aaij et.al PRL112,222001(2019)
R.Aaijj et.al Sci.Bull66, 1278 (2021)
R.Aaij et.al PRL 112, 063001(2022)
LHCDb Collaboration arXiv:2210.10346

Guo,et.al Rev Mod Phys90, 015004(2018)
Liu,et.al Prog.Part.Nucl.Phys107, 237-320(2019)
Chen,et.al Rept.Prog.Phys86, 026201(2023)
Meng,et.al Phys Rept 1019, 1-149(2023)



Background

¢ Compact pentaquark states in chromomagnetic interaction (CMI) model.

4601 =2 mmmmnm

Mass spectra are estimated by a reference  ABBA—— e

T LT T T LT I T E R T T L Iy
4494

PPPPPPTE. . 1)

e e e P e
4448

hadron-hadron channel ¥+ P

Jing Wu,et.al PRD95, 034002(2017)
Mass spectra and rearrangement decay properties

of (uud ), (c%),, and (uus )g (cC)g,

are studied

Jian-Bo Cheng,et.al PRD100, 054002(2019)

JP =1/2",

Pc(4457), Pc(4440), Pc(4312) mmp  J© =3/2°1/2"3/2" .
JP =3/2".

1.Hadron-hadron threshold as reference scale | recontruct wave function
2. (999 ),.(cc),.component not considered modify CMI model



Formalism| Mass splitting model

m; is effctive quark mass, which contians the kinetic energy, color confinement, and so on.

1

H,, is color-magnetic interaction

M= m;+(Hey)

1 — Using hadron- hadron threshold as a reference
eref HCM1>refJ+<HCM1> —
Choosing a compact state as a reference
_  Tetraquarks X (4140) : Q00Q,00qq,0q94qq...

Petanquarks|p.(4312)




Formalism| Mass splitting model

Quark mass differences (units: MeV) determined

with various hadrons. The values from the extracted effective
M = lMPc(4312) - <HCMI >pc(4312) J+ Z Ay + <HCMI> quark masses are m,—m, = 178.6 MeV and m, —m. =
ij 3328.2 MeV.

where A; =m,—m; denotes the effective quark

. . Hadron Hadron (m;—m,) Hadron Hadron (m; —m,)
mass gap between i quark and j quark

D, D 103.5 B D 3340.9

Mynnee = (Mp,(a312)+ — (Homr) p.azi12)+) + (Hom1) nnnce; T — ;f‘ '?f o)

Mynsce = (Mp, 312+ — (Hom1)p,(a312)+) + Dsn + (HoMI)nnsces A N 1774 Ai A. 3333.1

Mssnez (MP (4312)+ — <HCMI>PC(4312)+) + 2Asn + <HCMI>SSRCE? g; %,r, iigg é: é: ::ggg

Msssce = (Mp,az12)+ — (Homr) pas12)+) + 3Qen + (Hemr) sssees S f; }’13;;1 Q) Q, 3315.7
(n=u,d) = % s
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Formalism| Wave function

(I=3Y=1J=38) [(Fs)i(d)}]; ,

(I=3Y=1J=3) {l(Fs)ia (Cf*)ah (Fs)M4(ca)b)? }; [(Fs)i (o) [(Fs)A(CC ik

(I=4Y=10=3) 2{[(Fs i;f;(cc)sh ~ [(Fs) 47 ) S {(Fs)MS (@]} — [(Fs)HA(cddlF )
[(Fs)ﬁ '-’T) ]1

(I = %'Y = 1= %) T{[(F ms)ara(c)s]? — [(Faa)’ f.s(cc)a]‘*} , ;

T=3.Y =L7=13) 3{{(Fus)i3(cail? + [(FaMai3(coRl? + [(Fus)Mi(co)d]? — [(Faua)dA(c2)i] )

v%{[(FMSJMA(CC- a]z = [(Fﬂm)ms Cf) ]2

T5 {[(Fams)ira(ce)s ]3 — [(Fara) s ( Cc)a]f’}

L{[(Fus) NS (co)l]? + [(Fma) ¥ A (co)l] 2}
I=0Y =0:0=1§) (co)d] 3 3
(I=0,Y=0J= %) [(DAS)J{:,':E(CE)HE: [{DAS):%I.'?(CE)g]if' [(DAS)M‘? CC}B]f~ [(DAS} ﬁ((’f]z]s]ifi [(DAS]!'H )%]112
(1=0.Y =07 =) [(Das)¥E(@81{: (Da9MS(@s (Das)irs(c@ll}s (Das)iAl} (Das)iiA(cl)?

[(Das)¥ A3 5 [(Das)iA(co)l)}

Flavor wave function

F s = hnnn D s = ﬁ (Ud + dU) [(qqqﬂavor)z];l;;r(cg)Zﬁll.};r]i];l;;r(q = U, d’ S)
1 S, =\115/2 _ —

F, = ﬁ(ud +du)u D, = L(ud — du) [(F5),(ce) ] = uuuce TTTTT¢A
I V2 (Hpp) s =8C, o

F,, = ﬁ(ud —du)u cMI J—2 12775 s
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Formalism| Rearrangement decay

A simple decay scheme
We assume that the Hamiltonian is a constant /7 =« and the sum of two-body rearrangement

decay widths is equal to the measured width I’ =I, .,

J (LY)=(.1)
5 | D" AJJ
(q19293)(c€) = (q1G2€)1c + (g30)1c, [E)P @] 3 1
S*D* 2D %.D* AJJy An,
(919243)(ce) = (q1¢g3)1c + (920)1c; s R
(q19293)(cc) — (cq2q3)1c + (q1€)1c, (F): (@il | 3% V%F _3% LI
o F.)2(ce)l2 v 1 Vo Vo 0 I
(91G243)(c€) — (q1G293)1c + (€C)1c- (el z;l%* zbc‘/g* zfp AJ]
1 vy 77— % 0
2 v, we o 8 ~ 1 0
M? = a2| Z(%y%)lz [(Fs)i%(ff)ﬂ% = g gif_; 1
I= |M|287M2’p1|

pentaquark



Results for nnncc

We assum that the P (4312)" is the second lowest /(J")=1/2(3/2 )nnncc
compact pentaquark and treat it as the reference state in
studying other pentaquraks

5
4o
= 4227 ’
w
[44]
i S A i S
4119
i & 5
2 2 2

= % nnncc states

(Nnc)

Figenvalue (MeV) Eigenvector Ratio

78.0 {0.264, -0.270, -0.224, 0.898}10.980:0.020

26.8 {0.489, -0.324, 0.809, -0.040}|0.998:0.002

-70.7 {-0.686, 0.259, 0.539, 0.414} 10.829:(.171

-133.3 {0.264, -0.270, 0.224, 0.898}0.193:0.807

> P (4457
> P (4440)"

Rearrangement decay widths for the [ = 5, Y = 1 nnncé states in units of MeV.
I(J") = %(g—) ) B o,
4479.2 (11.1,-) 0.0
IJY=1(3")| s*D* >*D %D+ AD* NJ/v s
4460.6 (32.7,—) (3.0,1.6) (4.6,—) (3.5,2.8) (2.0,0.7) 5.0
4409.3 (1.3.—) (1.304) (360.—) (5.838) (0.2.0.1) 4.2
4311.9 (0.0,—) (20.2,—) (0.9,—) (17.7,4.6) (17.1,5.2) 9.8
12193 1.2,~) (14:5—) (L1,—) {08—) (80.7.22.0) 22.0
IJH =117 s:p* %D+ %D AD* AcD NJ/¢ Nne  Toun
442007 [(18.8,—) (9.1,—) (1.1,0.6) (13.3,9.1) (0.6,0.6) (4.4,1.5) (0.6,0.2) 12.1
4323.9 (7.9,—) (20.5,—) (0.8,0.1) (0.7,0.2) (8.2,6.8) (16.9,5.2) (2.3,0.9) 13.2
4291.2 (2.3,-) (0.9,—) (154,—) (12.1,—) (2.6,2.0) (19.4,5.7) (14.0,5.0) 12.7
4227.2 (0.1.—) (0.2—) (10.5—) (1.0—) (12.3,6.9) (59.3,15.4) (L7.0.6) 22.9
4118.9 (0.5,—) (0.9,—) (11.2,—) (0.7,—) (4.1,—)  (0.0,0.0) (81.4,22.5) 22.5

13



Results for nnncc

Theoretical states F(f?c(4421)+) : I‘(I?( (4461)7) = 2.42,

['(P.(4421)%) : T(P,(4312) %) = 1.24,

= ['(P.(4312)%) : I'(P.(4461)") = 1.96,

| ['(P,(4324)") : T'(P,(4461)%) = 2.64,

I'(P,(4324)T) : T'(P,(4312)*) = 1.35,

E d D(P.(4324)*) : T(P,(4421)%) = 1.09.
: B BB = = Experimental states [(Pc(4440)") : T(P.(4457)%) = 3.2155,
= I'(P.(4440)%) : T(P.(4312)") = 2.1F18
I'(P,(4312)%) : I'(P.(4457) %) = 1.5*12
> I'(P,(4337)%) : T'(P,(4457)%) = 4.5729,
I'(P,(4337)%) : I'(P.(4312)%) = 3.0134,

1 2 3 4 5 & 71
Ratios between decay widths of different pentaquarks
P.(4457)7, P.(4440)", P.(4337)" can be regarded as the J=3/2, J=1/2, and J=1/2 pentaquark states, respectively.

For P (4457)" (X D):T(A,D"):[C(NJ/¥)=2.3:4.0:1.0
For P (4440)" I'(A,D"):T(X,.D):T'(A,D){T(NJ/¥):T(Nn,|=45.5:3.0:3.0:7.5:1.0 o e
For P (4312)" C(NJ /W) T(AD")=1.1 PI‘EdICtIOH

For P (4337)" (A D)[(NJ/¥)EL3

14



Results for nnncc

4660
4579 4581
4549 4957

B | 7.0 S
=
A —— 4425
(43}
E |

il 3- 5-

2 2 2

I = % nnncc states

(Ane)

Rearrangement decay widths for the I = %, Y = 1 nnnce states in units of MeV.

IJ7)=%(3")| =Z:iD* AJ /1 Lsum
4557.2 (11.1,3.6) (100.0,26.9) 30.4
I(’JP) - %(%_) E; 'D_* E:D ZC‘D-* Aj/w Anc Fsurn
4581.0 (24.0,10.2) (2.2,1.8) (6.4,4.1) (8.2,2.3) (27.4,9.3) 27.6
4548.6 (5.6,1.5) (10.8,8.0) (2.2,1.2) (5.0,1.3) (72.4,23.7)  35.8
4425.2 (0.1,—-)  (9.2,3.5) (6.2,—) (86.8,15.8) (0.2,0.0) 19.4
IJP)=2%(1")| =D~ e D* $.D AJ /1 -
4660.1 (37.2,24.3) (0.5,0.4)  (0.1,0.1) (20.1,6.3) 31.0
4579.3 (1.0,0.4) (28.8,18.1) (0.0,0.0) (43.7,12.2) 30.8
4473.3 (2.5,—)  (7.8,1.5) (22.2,16.3) (36.2,7.9) 25.8

Compared with the / =1/2nnncc pentaquarks, the masses and

rearrangement decay widths of / =3/2 states are overall larger.

15



Results for nnscc

Mass(MeV)

I = 0 nnscc states

=0 case, five pentaquarks have masses around 4338 MeV and two pentaquarks have masses

close to 4459 MeV.

P, (4459)"

Rearrangement decay widths for the I = 0,Y = 0 nnscc states in units of MeV.

U =0G3")| =D Csum
4549.8 (66.7,-) 0.0
IJ7)=03")| AD: E:D* ED ED* ED* AJfY Tsum
4533.1 (6014) (499.-) (4.20.7) (54-) (3.009) (2.3.0.7) 3.7
4478.2 (93,17 (1.2-) (1.3-) (54.9,-) (44,-) (0.3,0.1) 1.8
4391.2 (20.0,-) (0.I-) (248,-) (21,-) (17.5,-) (24.3,6.0) 6.0
13379 11.0,-) (1.0-) (2L7,-) (I.3—) (26,—) (69.3,14.6) 116
4317.6 (53.7,-) (0.6,-) (6.3-) (0.2,-) (30.9,-) (3.8,0.7) 0.7
1J9)=01")| AD: AD, E:D* E.D* ED =D =D Ay Age  Toum
4497.0 (21.0,4.2) (0.9,03) (28.3,-) (12.1,-) (12,0.3) (11.620) (04,02) (5.8,1.8) (0602) 8.9
1014 (08,00 (10.6,2.0) (108 =] (81.2,—)] (06-)  (.0—) (49.16) (2055.2) (3.0,1.0] 104
43714 (12.1,-) (6.0,1.3) (44-) (23-) (184,-) (125-) (2.0,05) (25.1,59) (15.1,47) 124
4327.7 (40.7,-)  (4.2,0.8) (01;) (02,-) (24,-) (30.0,-) (3.1,-) (121,24) (0.0,00) 3.2
4304.3 (24.9-) (189,28 (0.2-) (0.0,-) (16.1,-) (3.9-) (54,-) (36.46.6) (451.2) 10.7
4205.1 04-) (49-) (0.6-) (12-) (195-) (05-) (3.9-) (0.1,=) (76.5,15.6) 15.6
4127.0 01,-) (346,-) (0.1-) (0.1,-) (0.1,-) (01,-) (387,-) (0.0,-) (0.30.0) 0.0

Just from the spectrum, two J=3/2 pentaquark states are good candidates for the
P_(4338)"and P_(4459)°, but there are also other possibilities.

16




(=:D)

[(P,(4459)"): (P, (4338)") =2.5";

If we assign the P (4459)°, P (4338)to be J=3/2 pentaquark
states P, (4479),P, (4339 , respectively, (P (4478"):I(P.(4339")~0.12

which is contradicted with the experimantal value.

—=p7—> P,(4459)°  Other possible assignments:
&D) I'(P.,(4478)%) : [(P.,(4371)°) = 0.15,
(eD) (P, (4478)°) : T(P.4(4328)°%) = 0.56,
&B—>P,(4338)"  [T(F_(1a78)%) : (P (4318)°) — 2.7,
(Ao T'(P,.,(4478)°) : T'(P.,(4304)°) = 0.17,
i B S (A1) ['(P.5(4497)%) : T(P.+(4371)°) = 0.72,
['(P.5(4497)%) : T(P.+(4338)°) = 0.61,
il (An,) I'(P.,(4497)°) : T(P,,(4328)%) = 2.78,
= = = I'(P,5(4497)%) : T(Ps(4318)°) = 12.71,
E 2 E I['(P,,(4497)%) : T'(P.,(4304)°) = 0.83.

I = 0 nnscc states

P _(4338)°and P, (4459)’can be regarded as the j” =1/2"

For P, (4338)9
For P, (4457)0,

T(AJ/P)

[(AD):T(E.D")

:T(A,D,)=3.0

Theoretical widths are much

smaller than the measured results.

pentaquark states, respectively.

T(AJ/¥)=23:1.1:1.0

Prediction

The widths of J=5/2 state, the lighest J=3/2 state, and the lighest J=1/2 state are narrow.

17



Results for nnscc

Rearrangement decay widths for the I = 1,Y = 0 nnscc states in units of MeV.

) =1}")| =D ED* oI/ T i
4614.2 (10.2,—) (11.6,—) (100.0.20.6) 20.6
4575.0 (89.8,—) (21.8,—) C (0.0,0.0) D ] 0.0

IJ)=1(3")| =:D: B D, TDY Z: D~ Z:D =/ D* E.D* 2*J /1 *nc J /1 S
4633.1 (18.8,0.6) (1.3,0.3) (6.9,1.1)  (23.4,-) (1.3,0.5) (6.7,1.8) (0.0,0.0) (35.5,7.8) (8.0,2.3)  (0.0,0.0) 14.4
4604.2 (7.3-) (11.12.3) (2.0,0.2) (8.0,—) (11.4,4.1) (1.5,0.3) (0.0,0.0) (64.3,12.8) (6.7,1.9)  (0.0,0.0) 21.6
4565.4 (72.4,-) (3.9,0.7)  (3.1,-) (15.5,—) (1.1,0.3) (0.9,—) (7.9,2.9) (0.0,0.0) (0.1,0.0)  (3.2,0.9) 4.8
4512.5 (0.3,-) (0.2,0.0) (72.1,-) (0.0,—)  (0.1,-) (18.2,—) (11.0,2.6) (0.0,0.0)  (0.0,0.0)  (2.0,0.5) 3.1
4480.7 (0.0,-) (7.5,-) (7.1,—) (0.0,—) (10.7,-) (5.9,—) (0.0,0.0) (0.2,—) (85.0,16.9) (0.0,0.0) 17.0
4436.6 (0.6,—) (15.0,—)  (8.3,—) (0.2,-)  (2.8,-) (2.7,-) (22.0,—-) (0.0,—)  (0.1,0.0) (53.9,12.2) 12.2
4387.5 (0.6,—) (61.1,—)  (0.5,—) (0.1,-) (14.3,-) (0.1,-) (0.7,-)  (0.0,—)  (0.0,0.0) (40.8,7.7) 7.7

I(J)=1(3")| Z:D: S.D? %D, E* D* =’ D* E'D =.D* =.D *J/ 1. B T
4712.0 (35.2,5.9) (0.3,0.1) (0.0,0.0) (37.1,10.4) (0 3,0.1) (0 0,0.0) (0.0,0.0) (0.0,0.0) (23.0,6.0) (0.0,0.0) (0.0,0.0) 22.6
4630.9 (1.3,0.0) (27.9,4.3)  (0.0,0.0) fil g, —)  (28.1,7.1) (0.0,0.0) (0.0,0.0) (0.0,0.0) (44.1,9.6) (0.0,0.0) (0.0,0.0) 21.1
4539.9 (36.0,—) (8.3,—-) (2.1,05) (10.6,=) (5.0,—) (0.1,0.0) (21.4,6.6) (0.9,0.5) (0.7,0.1) (0.6,0.2) (9.2,2.6) 10.5
4523.0 (6.6,—) (11.6,—) (20.0,4.0)  (1.3,-)  (7.1,—) (22.4,7.8) (0.5,0.1) (0.0,0.0) (32.2,3.8) (0.0,0.0) (0.3,0.1) 15.8
4453.3 (9.8,—) (47.3,—)  (0.4,0.1) (24,-) (11.1,-) (0.1,0.0) (2.8,—) (6.9,3.0)  (0.0,—)  (2.9,0.9) (25.5,6.0) 10.0
4420.2 (82,-) (25~) (128~} (2.3,-) (0.7,-) (3.2,-) (12.0,-) (9.3,35) (0.0,—) (18.8,5.5) (34.4,7.4) 16.3
4362.6 (o 2 -)  (1.0,-)  (30.0,-) (0.0,-) (0.3,-) (7.1,-) (4.7,-) (19.0,4.0) (0.0,—)  (9.6,2.5) (30.5,5.0) 11.5
4262.8 (0.0,—) (1.1,—)  (34.5,—) (0.1,-) (0.2,-) (8.5,-) (0.2,—)  (5.5,—) (0.0,—) (68.1,12.7) (0.1,—) 12.7

The light J=5/2 should be a narrow one, which can be searched forin A7/ /'Y channel.
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Results for ssncc

Rearrangement decay widths for the I = %, Y = —1 ssnce states in units of MeV.

I(J%)=1(57)| QD =D =T/ T
4671.2 (121~} [(108=) (1000.11.5) 11.5
4633.0 (87.9,-) (22.7,-) C(0.0,0.0) D 0.0

I(J7)=1(37)| Q'D* Q:D (D ErD? il 58 ELD* Eal? =*J /Y =" N BT/ i
4685.7 (21.8,-) (0.5.0.1)  (7.0,=)  (175-) (0502) (73,~) (0.0,00) (46.0,6.1) (7.3,.7) (0.0,0.0) 8.0
4659.3 (11.5,-) (11.9,1.1)  (0.9,-)  (10.3,—) (11.5,2.9) (1.2,-) (0.0,0.0) (53.7,5. 2) (9.2,2.0)  (0.0,0.0) 11.2
4621.2 (65.0.—) (4.7.-) (45-)  (190.-) (1100)  (1.0.-) (6817 (0.0.-) (0.1.0.0) (3.4.0.9) 2.6
4563.3 (04,-) (0.7-) (729,-) (0.2,-) (0.1,-) (18.0,-) (10.5—) (0.0 ) C (0.0,0.0))(71.5,0.3) D 0.3
4535.9 (0.0,—) (125,-) (5.8,—) 00,0)  (80°) (695 (0.0-) (0.2,-) ‘('5'3-2-5'8% O.5007 6.8
4492.7 (06,—~) (10—} (85—) (0.1,-) (3.7,-) (1.6,-) (232,-) (0.0,-) (0.1,-) (56.0,9.1) 9.1
4444.0 (0.6,-) (58.7,-)  (0.5,—) (02,-) (15.8-) (0.2,-) (1.0,-)  (0.0,=)  (0.0,-) (39.0,3.9) 3.9

g5 =LE7)| Db  Q.D* Q.D =*Dr =/ D* E' D, =.D* E.D,  E'J/Y Ee BI T
4764.2 (36.8,—) (0.1,0.0)  (0.0,0.0) (34.9,3.2) (0.1,0.0) (0.0,0.0) (0.0,0.0) (0.0,0.0) (26.1,5.2) (0.0,0.0) (0.0,0.0) 85
4682.5 (2.9,-) (272,-)  (0.1,0.0)  (22,-) (27.2,-) (0.1,0.1) (0.0,0.0) (0.0,0.0) (44.05.7) (0.0,0.0) (0.0,0.0) 5.7
4593.0 (39.6,-) (15.0,-)  (0.1,0.0)  (9.0,-) (1.5,-) (1.0,0.3) (21.1,2.8) (0.8,04) (0.4,—) (0.6,0.2) (10.3,2.4) 6.1
4573.0 07-) (72-) (234,14) (42-) (10.7,-) (21.043) (0.3-) (0.0,00) (294,—) (0.0,00) (0.30.1) 57
4503.7 (7.7,-) (46.3,—)  (0.8,—) (22,-) (12.3,-) (0.2,-) (24,-) (5.0,1.6) (0.0,-) (2.6,0.7) (31.2,5.4) 7.7
4476.4 9.1,-) (1.4,-) (12.2,-) (28,-) (0.3,-) (3.0,-) (12.8,-) (10.2,2.6) (0.0,-) (20.5,5.0) (30.2,4.4) 12.0
4413.3 (04,~) (1.5-=) (286~) [(01-) (03~ (7. 6, ) (4.9-) (20.0,-) (0.0,-) M (28.0,-) 1.9
13181 00,—) (1.2-) (348-) (01,-) (03,-) (88-) (0.1,-) (5.7,—) (0.0,-)C (66853 (0.1,—-) 53

The lighest state with spin 1/2 has mass around 4.3 GeV.
The widths of the light J=5/2 and the fourth highest J=3/2 state are narrow.
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Results for ssncc

Mass(MeV)

ralw

I = 3 ssnct states
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Results for ssscc

e AT734 4730;53)
— 4714

Mass(MeV)

I = 0 ssscc states

Rearrangement decay widths for the I = 0,Y = —2 sssce states in units of MeV.
J=03")| D; QJ/y Lsum
4728.2 (11.1,—) (100.0,—) 0.0
o = 0(%_) Q* Dz 2D Q:D: QJ/y Qne Lsum
4738.9 (15.4,—) (0.1,0.0) (7.5,—) (6.1,—) (58.3,9.4) 9.4
4713.8 (14.2,—) (11.6,—) (0.6,—) (12.4,—) (41.5,5.7) 5.7
4590.8 (0.0,—-) (10.5,—-) (6.7,—) (81.5,—) (0.2,-) 0.0
J=(3") | QD: Q.D? Q.D, QJ/y -
4816.6 (34.5,—) (0.0,0.0) (0.0,0.0) (29.5,3.5) 3.5
4734 () (34 ) (264-) (0201) (433 ) 0.1
4622.8 (28—-) (106.—) (22.0.—) (27.1.—) 0.0

The lightest J=1/2, the lightest J=3/2, and the J=5/2

states should all be stable and can be searched for in the

=2°7"J/y channel.
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Summary

& P (4312)",P.(4337)", P.(4440)", P (4457)" can be assigned as the pantaquark states with
[=1/2,J"=3/2",1/2",1/2",3/2", respectively .

& P _(4338)",P_(4459)°can be assigned as the /1=0,J" =1/2",1/2" pantaquark states,

respectively.

¢ There may also be two extremely narrow states in $s7CC case and three stable states in

ssscc case, which can be searched for in future experiments.



Thanks for your attention
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