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P. states [ [MeV] State E [MeV]
P.(4312) 9.8+2.7%32 54750 1 5
C ’ 2 ~
P.(4440) 20.6 +4.9187, 54570 L 20
C ’ 2_
P.(4457) 6.4 +2.0%37 5+75+0 3 2
C ’ 2

4550 4600

A} = P.K™ = pJ /K™
Minimal quark content: uudcc
Quark model framework
Strong decay study
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e In this work, The hidden-charm pentaquark is in the molecule state of charmed baryon and
anticharm meson, [gqc][qc].
e The wave function of the pentaquark follows:

» The total wave function of the pentaquark should be color singlet.

Y220)(q9cqC) =

** There are 3 possible configurations of the baryon-meson molecule for the color singlet
[222].

X ® X

Vi (99¢) @ ¥y (98) Vi), (99€) © ¥i1(8)  Yagy,(99€) @ Yy (GE)

s The explicit wave function can be calculated by
_ _ _ 1 —
¢f222](qchc) = ‘P[C111] (qqc) ® ¢f111] (q¢) lp[czzz](qchc) = ﬁ2i¢f21]j,i(QQC) ® 1/J[C21]l,(qc)

» The wave function should be antisymmetric for the light quark separately by each cluster.



Baryon and meson clusters wave function .&° 1SMD2021

* The total wave function, which has four degrees of freedom, color ¥, spatial n, flavor ¢, and spin y, of
the baryon cluster should be antisymmetric for the light quark g in the cluster.

Yr11](Ppo ® ¢(c))xp3)

Yr11(@p) @ o(¢)) X1y,

Y11y (Pp1 ® é(c))xpe, Unino(a) X
775[21])\((335[11] 2y ¢(C))X[3] ¢[111]¢(QE)X[11]

Y211, (1) @ ¢(€))xpo11, U1®(g8) X

Vi1, (P21 @ 0(€)) X211, Y2y (9€) Xqu1]

1), (P @ ¢(€))xp3) The possible configurations for the meson
Y1), (D12 ® @(€))X[21], cluster in the ground state (11](qc)).

Y21y, (P @ o(¢))xpe1y,

The possible configurations for the baryon
cluster in the ground state (137(qqc)).




Total wave function % ISMD2021

Pentaquark configuration W (g?c) ® V(gc) Isospin Spin
Vi) o[22 8]12] 5 P11 Pr2X(3) & YP111)0(GE) X 2] E’*, % %} E)’r %
Uliinjol2) p 3011 Y1) D21 Xs) ® Y $(ae)x ) 203 2
Vii1]e 2 p21)2]5 Y1 Pl X211, ® Y $(a0)x2) 203 203
V)2 p(21)11) 5 PP X (21 ® P11 #(g€) X 1) 213 >
V1)1 p[21)2) 5 Y@ Xz, ® 1/)[111](;’)((;(:))([2] % ;;, %
Vi111] ¢ [11] p[21][11] ¢ Yr11)P1X[21], ® Y111)9(9¢)x 1) 5 5

W l21)0 1200 [21]0 2] s Pl21), P21 X[21], ® P2119(9¢) X [2) 2,3 2,3
‘1’[21]3[2]1»121]%11]5 V(215 P[2)X([21), ® Yi21)#(gC)X11) %, % %
V(2012 (1) o (320 s Yl21], P11 X (3] ® Yi2116(9C) X 2) 3 31513
Viaud 1) 3101 Pl21], P11 X[3] ® Pr2119(q¢) X1y : 3
V212 (1] p (217 2] P121], Pl11) X [21] ® P121)9(9€) X 2] 5 3.1
4’[21]3[11],:[21]*[11]3 Vl21), P11 X[21], ® P1219(9C) X [11] % %
‘1’[21];; (2] ¢ [3][2] s Pl21], P21 X[3) ® P121)9(4C) X2 ﬁ, % 59 %* %
V2112, (2] (3][11] V21], P21 X3 ® Y1 H(90)X (1) 213 2
V2112, (2] o 212 21 i1, D1 X (21 ® Yi21)b(90)X2) 33 33
V2112, (2] p (212 (1] 5 i1, P21 X215 ® Yi21#(g0)x 1) 33 2
lIi[21]‘{—3[1 1] p[21]7(2] 5 #"[21],,@5[11]){[21]1‘, & w[zl]ﬁﬁ(qc)){[z] % %, %
V2102, (1] g [21)2 (1] 5 YPl21), P11X (21, ® P21)9(qC) X 11 s 5




Strong decay study ¥ 1SMD2021

e The decay width formula for two-body decay, factorizing by the transition amplitudes of the spatial part and
color-spin-flavor part, is given by

ZﬂEiEj
Coeif = 31 f®@lyesrl?.
Cc
p is the center-of-mass momentum, E;jy is the energy of the final particle .

« f(p?) is the kinematic phase space factor stemming from the transition amplitude of the spatial part.
* Toreduce the model dependence, we apply a phenomenological form for the phase factor from [2],

f(mi,mj,\/E) =p - Cexp (—A(s - Sl-]-)i).

C and A are constant, assuming to be equal for all decay channels, which A = —1.2 GeV 1,

and s;; = (mi + mj)l/z.

* Ycsr is the color-spin-flavor transition amplitude which is calculated from the overlap of the color-spin-flavor
part of the initial and final states.

[2] J. Vandermeulen, Z.Phys.C 37 (1988) 563-567



Decay width ratios ¥ 1SMD2021

J P. configuration  pn. pJ/¢ YD S.D AFD A}D*

Ve es)2s 1
Ve 2] p 81011 0.59 69.63
MRUREEEEEE 0.19
2 Yo p2iels 1.80 66.71
e By using three P, masses, we find the W o112, 2] [3][2] 6 8.00
decay width for all the possible decay V(2112 (2] o [3][11] 5 4.80
channels normalized by (2112, [2) (21N 2] 6 1.59
J=3/2 ll'[21]*",[11] [21]°[2] 5 14.40
F(LIJ 111]¢c[2]r[3][2]s - p]/l,b)mode cl1lr S

Vinje@ppzs 107 0.39

e Due to the result of three P. are in the Vi peee 013 1.25
clalr S : )

same magnitude, we present only the Wiiing 2 ey 040 0.14 67.51
result from the P.(4457) for 1 =1/2. C Viuenipleyes 121 0.44 66.71
2 l11[111]6[11]1,?[21][11]5, 0.40 1.34 53.94

Vg ppes 863 3.20
qj[zl]g[z]p[m])\[gls 1.09 10.00
U ian)e, ) p 21 A 1) 323 1.19
Viang, ) plarjefz)s 971 3.60
Viane, (11 p21)e(in)g 323 10.80




Summary 7 1ISMD2021

e We study the hidden charm pentaquark in the molecule picture of charmed baryon
and anticharm meson within the quark model framework.

e The wave functions are constructed by applying the group theory. We find all the
possible ground-state configurations for the pentaquark in the molecule state totally
18 configurations, 47 states.

 The strong decay of each possible molecule states were investigated for all possible
channels.

e Due to the color transition amplitude, the states with the color octet A of the baryon
cluster cannot strongly decay.

 The decay width ratios show that five open-charm decay modes are dominant over
the hidden-charm decay channels. pn, £.D, and AL D channels are open only J=1/2
while %D channel is open only J=3/2 except for P.(4312).

e We strongly suggest that the spin of P. can be determined in experiment by
investigating the pn. and the open-charm decay channels.



Appendix: Color octet wave function & ISMD2021

1
Ypan), (g7 = —\/6(2’-'"?‘9 —rgr—grr), Py, (g7 = —=(rgr — grr),
Vi1, (¢7¢)2 = —(grg +rgg — 2997) Pron (¢%¢) ( ) Vi (ac) =0,
g - Jg' e o e ’ [ C — Tagaq — qri 3 _ —
'l,f)[ZI]A(QQC):; = %(21’”}"{') —rbr — b*r*r), al/”[?l]ﬂ(qzc)ﬁ — (?'b?" _ J}TT), ?1)[21](@5 3 = —g?:?
1
1 _ _
£ 2 ] — 3 iy ¢ ] — 4
P21, (7¢)a = —m(zf.f;bJr 2grb — gbr Wpauy, (¢2€)a = —=(gbr + rng — brg — bgr

S S S SR SRR

St be) Va1 (g)s =3,
Y1, (@°e)s = E(ngb—yby — bgg), VA S ¢[21](9“? 6 = —_'?bv
Y1), (¢%¢)s = %(brb +7bb — 20br), 1/)[21]_‘)((;2(:)5 A w[zu(qf . T? Wb — 17 — G
Y, (¢7c)r = %(bgb + gbb — 2bbg), Y2, (g7¢)r = —=(gbb — bgb). Ve (00)s = %( 199
Y1), (¢%¢)s = %(”}9 + brg — bgr — gbr). Vian, (°¢)s = ﬁ(zrgb g ger

+ rbg — brg + bgr).



Appendix: Y sF ¥ 1ISMD2021

I J P, configuration NJ/y Nn. AT T/ ATn. Y*D*  %.D* AD* XD ¥.D AID
5 5 Vnnjoens 3 1
W e 2v2
2112, [2] - [3](2] s 3
5 5 Yniepeses 15 6\ 3 1
V5 1
Yi1)e (2] p[21](2]s A — s 1
Y111)0 (20 (81[11) 5 6\ 3 g 1
V2 1 10
W (2112, (2) o [3][2] 8 % sV 3
1 10 V2
V212,212 [31[11]5 3\ 3 5
W p 2V/10 _2 /2
2112, (2] [21][2] 5 5 6\ 3
5 3 YineRess —ﬁ 1
2
Wi11) e [2) 0 21]2) 5 9 1
1 2
Wii11)e (2] p[21)[11) 5 3V 3 1
24/2
V2112, (2 [3](2] 5 -5
|| [ . _4
(2112, [2] ¢ [21][11] 5 W
W ie 4
2112, [2] » [21][2] 5 5
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Appendix: Ycsr

] . configuration ) Ne 1 Te c c . p c .
I j P confi i NJ N7 At Aty S*D*  %.D* AYD* 2D ©.D A'D
1 5
2 a2 Yineppes 1
1 3 1 5
3 2 YimepRepERs 3\/; 1
1
Vi) (2] p(21)(2]s 93 1
/] - 1
[111)e[11] g [21][2] 5 373
\/ — 1 1
[111]c (2] p [B][11] Ve
\/ 245
2112, (2] ¢ [3][2] 5 5
W ioi1p tor 1 _ 2
2114212 3][11] 5 5V3
W io112 191 101 1A [* 2
2114, (2] ¢ (21} 2] 5 5
Wioy1e 2
214, [11]  [21)° [2] 5 3
TR U 1 1 1
2 2 (111]e (2] p(3][2]s 9 3v/3
5 1
Ve 21p[21)2]s 5 o6 1
/] 1 _1_ 1
[111)e[11]#[21](2) s e W
/] —1_ _1_ 1
[111)¢ 2] [21](11]s 66 53
/] 1 1 1
11111 [21)[11] 5 NG e
U 2v/2 2 /2
2112217 3][2] 5 5 5\ 3
W 5 1
(2112, (2] ¢ [21]X[2] 5 5 33
1 1
Viong 2lp2irils 505 3
1 1
V2112, 1) 210 216 —3 7
1 1
V2112, (1] ¢ [21]0 1] 5 75 3
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