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Strong decays of P (4338) and its high isospin cousin via QCD sum rules
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In the present work, the strong decays of the newly observed P_(4338) as well as its high isospin
cousin P,(4460) are studied via the QCD sum rules. According to conservation of isospin, spin, and
parity, the hadronic coupling constants in four decay channels are obtained; then, the partial decay widths
are obtained. The total width of the P_(4338) coincides with the experimental data nicely, while the
predictions for the P.;(4460) can be testified in the future experiment and shed light on the nature of the

P, (4338).
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I. INTRODUCTION

In recent years, several P. and P, exotic states, such as
the P.(4312), P.(4380), P.(4440), P.(4457), P.(4337),
P.,(4459), and P (4338), were observed by the LHCb
Collaboration [1-5]; they are hidden-charm pentaquark
(molecule) candidates with or without strangeness.
Except for the P.(4337), the P, and P, exotic states lie

near the thresholds of the ="D®) and E.D) pairs,
respectively, and it is natural to consider them as the
meson-baryon molecules or color singlet-singlet type pen-
taquark states. In the present study, we will focus on the
exotic P, (4338) observed in the J/wA channel [5]. Its
measured Breit-Wigner mass and width are 4338.2 + 0.7 +
0.4 MeV and 7.0 £ 1.2 + 1.3 MeV, respectively. The pre-
ferred spin-parity is J© = %‘ [5]. Its discovery is in line with
observation of the PZ(4337) in the J/wp and J/yp
channels [4].

In Ref. [6], the P (4338) is considered as the E.D
molecule via the effective field theory. In Ref. [7], the mass
and width of the P_(4338) are studied by assigning it as the
meson-baryon molecule with the 1J° = O%‘ based on the
constituent quark model, and partial widths of its strong
decays are obtained in details. In Ref. [8], the P (4338) is
interpreted as the 2.D molecular state with the J* = 1~ via
the quasipotential Bethe-Salpeter equation, and new struc-
tures are predicted. In Ref. [9], the mass and decays of the
P,(4338) are studied with the QCD sum rules by consid-
ering it as the £.D molecule with the spin-parity J*” = 1~.
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For some other interesting works focusing on the
P.,(4338), one can consult Refs. [10-24]. Along with
the popular acceptance of the meson-baryon molecule
assignment for the P.,(4338), debates do exist about its
nature; for example, in Refs. [25,26], the P (4338) is
assigned as the compact pentaquark state.

For our research work on the P, (4338), we consider
that it has the definite isospin, spin, and parity 1J* = 0%‘
and identify it as the Z,D hadronic molecule via the QCD
sum rules [11]. Moreover, our calculations show that there
maybe exist a high isospin cousin P, (4460), which is
assigned as the Z.D resonant state. In Refs. [27,28], we
distinguish the isospin, spin, and parity; study the mass
spectrum of the hidden-charm pentaquark molecular states
without strangeness and with strangeness in a systematic
way; and make possible assignments of the existing
pentaquark candidates and predict many new exotic states.
If those predicted states could be observed in the future
experiment, it would testify to our interpretation of the
nature of the P (4338), P.(4312), P.,(4480), and
P.,(4440). In Ref. [29], we study the strong decays of
the pentaquark molecule candidate P.(4312) and its higher
isospin cousin P.(4330) with the QCD sum rules to
examine their nature. Now, we study the strong decays
of the P,.((4338) and P,,(4460) in detail to provide some
useful information for the future high-energy experiment.

This paper is arranged as follows. The QCD sum rules
for the strong decays are derived in Sec. II. The QCD sum
rules for the A and X baryons are studied in Sec. III.
Numerical calculations and discussions are presented in
Sec. IV. Section V is reserved for the conclusions.

IL. QCD SUM RULES FOR THE STRONG DECAYS
OF THE P,,(4338) AND P, (4460)

In Ref. [11], the quantum numbers IJ” of the exotic
pentaquark molecular states with strangeness P (4338)
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and P, (4460) are assigned as 03~ and 13-, respectively, and the currents Jp(x) and Jp (x) are applied to interpolate the
P.,(4338) and P, (4460), respectively,

Jp(x) = \%Eijk[uiT(X)CJ/ss-’ (x)c*(x)e(x)iysd(x) — d (x)Cyss/ (x)c* (x)e (x)iysu(x)],

Jp(x) = ﬁE”"[u’T(x)Cyssf (x)c*(x)e(x)iysd(x) + d'T(x)Crss/ (x)c* (x)e(x)iysu(x)], (1)
|
where i = —1, i, j, k are the color indices and the C At present, we consider conservation of the IJ” in the

represents the charge conjugation matrix. It is worth strong decays and study the typical decay channels,
mentioning that both the currents Jp(x) and Jp(x) are
the color-singlet—color-singlet currents, which are applied to
study the related molecular states in the framework of the
QCD sum rules. We are also interested in the argument that

P.,(4338) = n. + A,
the P.(4338) may be a compact pentaquark state [25,26]; Pey(
Peg(
Peg(

)

4338) = J/y + A,
)
)

cs

furthermore, for the P (4459), we applied both the scalar-
diquark-scalar-diquark-antiquark type current [30] and
color-singlet—singlet currents [11,28] to interpolate this cs
exotic state. Similar works have been done for the
P.(4312), P.(4440), and P .(4457) [27,31,32]. It will be

4460) — n. + Z,
4460) — J/y + Z, (2)

cs

surely meaningful to construct some new five-quark cur-  where the 1J” of the 7., J/w, A, and X are 00—, 017, 03*,
rents to explore the possible compact pentaquark candidate ~ and 1%*, respectively. The interpolating currents of those
P;(4338) in our future work. mesons and baryons are written as

(%) = E(x)iyse(x),
JJ/y/y(x) ( )Yy ( )
Ja(x) = \gé‘ijk[uiT(X)C}’aSj (x)rsrd*(x) = a'" (x)Cras’ (x)ysy“ut(x)],
Js(x) = e u'T (x) Cyod’ (x)yyss*(x). (3)

Now, the three-point correlation functions for those decay channels can be written as

(o) = [ dsdtyer " Ofn{J, (117,(5)Tr(O)H0) 4)
Mpy(p.q) = 7 [ e dor (O1T(1,,, (0T ()TH(0)}0), (5)
My (p.q) = [ dixdye e (Of2{d, (117517 (0)}0). (6)
oy (. a) = [ sy 0O, (0)75() T 0)} 0. ™)

where the T is the time-order operator. At the hadronic sides, a complete set of intermediate hadron states which have the
same quantum numbers 1J” as the corresponding currents is inserted [33—35]. Those correlation functions are shown as
follows after the contributions of the ground states being isolated,

0, (g +mp)(p' +mp)
2

My (p.q) = oo (8)

AAAPGyA
me ™ (mp = p?)(my, = p?)(my = ¢?)
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i Paly
Ip, (P.q) = fipymypinip <—g + >
H Ly [y (m%, — pxz)(mg/w _ pz)(m%\ _ qz) ot p2

« i91/ AT 4
4 ) (o =T 0, (5 ) )
Fum, (¢ +ms)($ + mp)
p(p,q) = ;m n Ashp Gys (m%, o - pz)(m§ —7 4, (10)
c / ”C

—i papﬂ
Op (P, q) = frpyMipyAsie <—9 o T )
" W (= ) = )3 =) T2

ig]/y/Z.T

o’ ) "mp) o, 11
mp + My Pp 7’5([5 P) ( )

X (ff +my) (gj/v/z.v}’a -

where the g,a, 9ys> 91/pavs 91/waTs 9i/yzv> and g; s 7 are the hadronic coupling constants; the Ap, Ap/, 45, and Ay are the
pole residues of the P (4338), P.,(4460), A, and X, respectively; and the f, and f,,, are the decay constants of the
mesons 7, and J/y, respectively. Moreover, those constants satisfy the following definitions,

O OPo(p') = 21 Un(p).
O OPp (1) = 2 U (7).
(OUAO)IA@) = 24U(g).
(O115(0)[(g)) = 45Us(g).
<0|JJ/V/;4(O)|J/W(I7)> Sy €ns
O @) =227 (12)

(n:(P)A(q)[Pp(p")) = iguaUn(q)Up(p').
U (PA@)IPr(p) = Tn(@)es (gJ/V,A.Vya _ imoaﬂpﬁ) rsUn(p).

mp + My
(. (P)Z(q)|Pp(p") = igusUs(q)Up (p'),

3 * a _ i g > Q
U (P)Z(@)|Pr (9)) = Us(q)e (gj/wz,vy _i Szt ﬂpﬂ)ys Up (). (13)
mp + my
|
where the [Pp), [Pp), |A) [£). 1.}, and |J/p) represent Ty (p.q) -T] = Trlllgen(p.q) - T (14)

the ground states P,(4338), P.,(4460), A, £, 5., and J /y,
respectively; the Up, Up, Uy, and Uy are the Dirac
spinors; and the ¢, stands for the polarization vector of the

where the I" is any matrix in the Dirac spinor space. In the
present study, the I' are chosen as 6,, and y, for both the
J/w meson, and g, satisfies the formula ) e, = Mp(p, q).and My (p.q); when settmg I'= 0, the tensor
oo structure is chosen as p,q, — q,p,, and as for I' = y,, the
e T ;2 : structure g, is picked out. For the correlation functions
It is reasonable to suppose that the hadronic Tl ,(p,q) and Ilp ,(p, q), the I are chosen as ys7 and ys,
sides Tly(p.q) and QCD sides Ilgcp(p.g) of the  and then the resulting tensor structures are g,p - z and g,
correlation functions should match with each other  respectively. For clarity, the chosen tensor structures are
[29,36,37], expressed as

014008-3



XIU-WU WANG and ZHI-GANG WANG PHYS. REV. D 110, 014008 (2024)

%Tr[ﬂp(p, @)ou) =.(p"”, p*, ¢)i(Pug, — qup,) + -
iTr[Hp(p, @)ir, =0,(p"”, p*. ¢*)ig, + -+,
%Tr[ﬂp,,l(p, Q)rsd) = 0.(p*. p*. ¢*)igup -z + - -,
T (. 0}y = T (0. 2. ¢P)ig, + -+
%Tr[ﬂpf(p, 9)o) = (p? P*, ¢)i(Puay — qup,) + -+
%Tr[HP/(p, Q)ir,) =s(p", p*. ¢*)ig, + -+,
%Tr[ﬂp/,ﬂ(p, Q)rsd) =T,(p”. p*. ¢*)igup -z + -

1 .
2 Tl (poq)rs) = I, (p”, p*. ¢%)ig, + - - - (15)

At the QCD sides, all the quark fields are contracted via the Wick theorem, and then the operator product expansions are
performed. For the analytical calculations of the quark fields, the integrals of the light and heavy quarks are solved in the
coordinate space and momentum space, respectively [36,37]. Since the relation p’ = p + ¢ holds for all the two-body decay
channels considered in the present study, the p’? is set as £p?, where the & is a constant relied on the particular decay channel

[29], taking the decay channel P (4338) — 1. + A, for example, £ = % + 1. Following the rigorous quark-hadron duality
7

below the continuum thresholds [38—42], double Borel transformations are applied; then, the QCD sum rules for the
hadronic coupling constants are derived as

. m% e 1 { ( mi) ( L > } < mg\) < m%' mg\)
£ = . exp|—— | —exp|——=5 ) rexp|——== | + C,exp | —— — =5
2m & n?% -2 2 ET? 73 ™ T3

’7(‘

/0 d /2 dup,(s.u)exp [ - -2 (16)
= s up,(s,u -,
4m?2 0 Pa P T% T%

m2 AnA m? 2 2 m?2 2
Loty 2afen e 00 Lo (L100) _exp (=20 ) Vexp (= 28) 4 Cpenp (2= 22
2m & % —m} 17 ETT T35 7 T3

53 s s u
= ds/ dup,(s,u exp(————), 17
Loy pgtnde Grpynriv "3y mp my My, mi
= exp | — —exp | — exp | — +C exp | ——5——
e oy U T Ty f ) e T T
74
53/,,, O s u
- d d b I b 1 8
a2 s A u pJ/(//A,T/V(S M) eXp T% T% ( )
- : exp| ——5 | —exp | — exp|——5 | +Coexp| ——5 —
e e AT TR [T P TR
e / 53 < s u )
= ds dup,(s,u)exp| ——=—= ). 19
4m2 0 (s u) ™ T3 (19)
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fo 2 AsAp Gys p mp + My { < m,%) < m%) } < m%) ( m3 m%)
— - ex c)—exp(—=L | pexp(——= | + Crexp | ——x — —=
g e TP T Tay) P U) TP T T

¢ :
Site K u
d d e -—, 20
= [ [ durswen (<7 ) .
LMy dsde 9ippstv m%/y/ mp mg mi/"’ >
. exp [ — —exp | ——= ex (&) ex -—=
¢ mi’ ~ m2 P T% Y éET% P T2 + J/wE,T/V EXP T% T%
¢ Jlw
\ s u
//// dS/ dupj/u,z T/v(s M) exp ( T2 —F (21)
4m? 1 2
where
mp+m
Crppnr = [(mp —=mp)C + Cyl ———5—"5—;
Mp — ny —my,,
mp + my
Pipun(s,10) = [(mp = mp)pe(s, 1) + pa(s, 1)) ———m—"s—;
mp —my —my,,
Ty Mp + My
C Cc.+C S5 3
Thenv (mP + mu d) mP m%\ - m%/l//
mJ y mp + mp
pl/l///\V s, 1) < L (s,u) + pa(s, “)) 32 _ 3 (22)
mp +m A Mp = My — My,
mp + my
J)wET [(mp x) g ) m%,, _ m% _ mi/w
mp + my
s,u) = \|(mp —m S, + S, 5
Prpys.r(s.u) = [(mp 2)Pg(s, 1) + py(s, u)] m%,, —mE - mi/w
2
mj/v/ mp/ + mz
C =——"—C +C ;
JJwEV (mP, + my gt h) m%, _ m% _ mg/w
2
ml/w ) mpr —‘,— my
s u) = | ——————p,(s,u) +pn(s,u > 23
ppsvlon) = (2o, + gy e (23)

the 7, and T, are the Borel parameters; the p,(s, u) are
spectral densities at the QCD sides derived from the
corresponding  correlation  functions I1,(p”, p2, ¢°);
the subscript Z stands for a, b, - - -, h; and the C, are the
unknown parameters determined by choosing flat Borel
platforms for the related hadronic coupling constants in the
numerical calculations.

III. QCD SUM RULES
FOR THE A AND X BARYONS

The masses of the A and X baryons can be cited from the
Particle Data Group [43]; however, in order to perform the
numerical calculations, we need the pole residues 4, /5 and

continuum threshold parameters s‘l)\ /5 which should be

determined by the QCD sum rules. There have been several
currents to interpolate the A/X baryons, and we choose the
Toffe currents [44,45] and update the calculations. Then, we
write down the two-point correlation functions,

Mys(q) =1 / By O[T (T s ()T n s (0)0).  (24)

A complete set of baryon states with the same quantum
numbers as the currents J A/):()’) are inserted into the
correlation functions, and only considering the contribu-
tions from the ground states [33—35], the hadronic sides are
acquired:

014008-5
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;é+m,\/2
My s(q) =42 o N2 4
/ A/zmlz\/z_qz

= H/l\/z(qz)ﬁ + H?\/z(qz) +e (25)

The structures ¢ and 1 are chosen; therefore, the four QCD sum rules are acquired,

2 mf\/z e u
AA/zexp ) = | PA/Z,QCD(”)CXP 72 du,

m2 S(/)\Z u
mA/E/llz\/zexp <_ ;\2/2> :A /pg/Z,QCD(u)exp (—ﬁ>du, (26)
where
2
| _ow (o N ey L (e e 5(u)
Phacolt) = s = (330 = g (59)) 2+ R66) 1+ (FymlanoGa) - 1y m(saaGs) )
2, 8, I, S(u) 37 _ . 6(u)
_ (= 2_° 5 - 2,20M) 27 2 o)
(5 @07 = § a0)69) ot + 35 @062 "5+ e mil2GG) 55)
1 2, 1. ~\ 8(u
+ (§ @ asoGa) - § a0) G0.065) - (a0.0Ga)ss) ) 2 @)
0 u? 1, 1 u 5 B B 1
Praen (1) = =myg—g = 3(49) = 5 655) | 5+ m{g;GG) 10— + ((49,0Gq) = (5950Gs)) 5 —
4 _ 4 o ~ S(u)
— 2 _ _ 2.2
+ (§mda0? ~§mdan) 9 ot - mi (307 55
L,y L o) 8(0)
+ (55266 @a) - 555 266 53) ) 2. (28)
u? o1 1 5(u)
p%,QCD(u) ]2877,’4 ms<ss> 871'2 + <g%GG> W m3<sgS0Gs> 2471_2
_ 2 6(u) _ 1 Su) o\ ()
2\") o 2.2 - 2.2\ 2\
+(q9) 5t [ (aa) %+ 16 (s) ) 5~ —(39)(q9,0Gq) o7 (29)
u? . u 1 _ 5 26(u) _ (u) _ S(u)
p%,QCD(u) :msm_ <SS>Q—W£Y<Q%GG> 256ﬂ4+mv<QQ>2T+mvgg<q >2 162ﬂ2+ <SS><9?GG> 788 2 (30)

It is straightforward to obtain the analytical expressions of IV. NUMERICAL RESULTS AND DISCUSSIONS

the masses of the A and X baryons, For the traditional QCD sum rules, the vacuum con-

densates are input parameters in the numerical calculations.
Their standard values are determined to be (gq)=
—(0.24+£0.01GeV)?3, (55)=(0.8£0.1)(gq), (39,6Gq) =
m2(Gq), (5g,6Gs) = m3(5s), m3 = (0.8 +0.1) GeV?, and
(“GG) = (0.33 GeV)* at the energy scale u =1 GeV
[33-35,45]. The MS masses m.(m,) = (1.275+
0.025) GeV and mg(2 GeV) = (0.095 + 0.005) GeV are
taken from the Particle Data Group [43]. In the QCD sum

535 1/0 "
) _%fol\/2 pA//Z,QCD(”) exp (_F)d”
Mys =

s x 1/0 ’ (31)
fo ! PA/E,QCD(”) exp(—%)du

where 7 = % The QCD sum rules in Eq. (31) are used to

reproduce the experimental values of the masses of the A
and X baryons [43].

rules for the masses and hadronic coupling constants, there
are terms of the form ¢2(g¢)?, which comes from the terms
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(qr.t°q9,D,G3,), (q ]DTDTDaq) and (g,D,D,D,,q;) rather than coming from the perturbative O(a,) corrections for the

four-quark condensates (gq)? [46—48], where D, = 0,

—ig,G,. The strong coupling constant a(u) = %;

i)

tree level, which is energy-scale dependent, and we should take account of the energy scale dependence in a consistent way.
The energy-scale dependence of the input parameters is written as

(a9} (u) = (aq)(1 GeV)[

(55) (1) = (55) (1 GeV)[

(49,06 q) (1) = (49,0Gq) (1 GeV) [

(50,0Gs) () = (9,0Gs)(1 G v>[

(1 G6V>:| 33— an
ay(u) ’
ag(1 GeV)} oy

()

El

ay(1 GeV)} G
ag(u)
,(1 GeV)} e
ag(u) ’

12
33_2”[
’

ay(u) |75
a,(2 GeV) '

(1)
mc()_ C( C)|: (m)
() = (2 Ge)|
1 by logt
= — 1 —_——
33-2n 153-19n
where = logAgCD, by =" bi=—755 b=

5033, 35,2
% and  Agep =213 MeV, 296 MeV,

339 MeV for the flavors ny =35, 4, 3, respectively
[43,49]. In the present work, for the strong decays
ny =4, for the A and X baryons, ny = 3. The energy

scales y are set as mz”‘ for the decay channels P, (4338) —
ne+ A and P, (4460) - n.+ X, u= m% for the decay
channels P, (4338) > J/w+ A and P_.(4460) —
J/w+Z, and the energy scale is set as u = 1 GeV for
the QCD sum rules of the A and Z baryons.

For the mass of the P,(4338), we use the experimental
result mp = 4.338 GeV [5], and for the mass of the
P.,(4460), we follow the conclusion of Ref. [11] and
set it as mp = 4.460 GeV. From the Particle Data Group
[43], the masses of the mesons and baryons are chosen as
m, =2.984 GeV,m,;,, =3.097 GeV, my = 1.116 GeV,
and my = 1.189 GeV. For the pole residues of the
P.(4338) and P (4460), we use the values
Ap =143 x 1073 GeV® and Ap = 1.37 x 1073 GeV® in
Ref. [11]. For the decay constants, we take the values
fipy =0418 GeV  and f, =0.387 GeV from the
QCD sum rules combined with lattice QCD [50]. As

for the continuum threshold parameters s, and s, .

we choose the values */Srozc = 3.50 GeV and
3.60 GeV [36].

0 _
Sify =

b%(lngt — logl— 1) + b0b2:| ’ (32)

%)
bt

For the QCD sum rules of the A and X baryons,
the masses and pole residues are phenomenologically
solved via the averages mA/z:%(m}\/2+m9\/z) and

Anjs =3 (A + 4% 5)s Where the m,l\//oE and /1,1\//02 are

derived from the spectral densities p;\//(;QCD(u). The dia-

grams my —T? and A, — T? are shown in Fig. 1, setting
V/s% = 1.59 GeV, the Borel window ranges from 72, =

min
1.10 GeV? to T2, = 1.50 GeV? with the pole contribution
being (43-62)%. The central value of the extracted mass is
1.118 GeV, which coincides with the experimental data
my = 1.116 GeV from the Particle Data Group [43], the
pole residue is determined as 1, = 2.87 x 1072 GeV>.

The diagrams my — T? and Ay — T? are shown in Fig. 2,
setting \/570 = 1.68 GeV, the Borel window ranges
from T2, = 1.15 GeV? to T2, = 1.55 GeV?, then the
pole contribution is (41-61)%. The central value of the
extracted mass is 1.188 GeV, which coincides with
the experimental data my = 1.189 GeV from the Particle
Data Group [43], the pole residue is determined as Ay =
2.17 x 1072 GeV>.

For the spectral densities p;, Z = a,b,- - -, h, they all
contain two Borel parameters 77 and 73, namely,
pz = pz(T3,T3); obviously, the hadronic coupling con-
stants rely on T2 and T3, that is, g = g(72,T3). For the
QCD sum rules, the error bounds due to the Borel
parameters should be small; thus, the flat Borel platform
should be obtained to extract the physical quantities, and
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25— —T—T—7T—T—T—T7T T T T T T T T T T T T T T T T
Central Value |
= = =Error Bounds |-

20f

mA(GeV)

|

1

1
1
1
1
|
u}

1.0 i—_—ﬁ; __________

0.5f

0‘0 I S S S S S S S S S S S S S S ST ST S S S SR 1

FIG. 1.

then, it is straightforward to set 77 =73 =T? Via
trial and error, the Borel platforms of each hadronic cou-
pling constants are obtained by setting the free para-
meters as C, =5.95x 1079 GeV?, C;, =3.86x 107> GeV'?,
Cryar=180x107GeV!!, C;/,py=2.50x107GeV!!,
C,=-123x107 GeV® +4.92 x 107'T? GeV’, C; =
—7.52%x107° GeV'® +3.01 x 1077T% GeV®, C,/pxr=
—2.87x 107 GeV! +1.18 x 107'T? GeV?, and Cirysy =
—-3.67 x 107 GeV!' —2.93 x 107372 GeV°.

To estimate the error bounds, the approximations i’l—: =
i’ij' = i’l—/\" = % = %’//W”’ = % are applied [37,51,52]; more-
over, the error bounds due to the parameters C; are not
considered, and under such considerations, the g — T2
graphs are shown in Figs. 3-6, and their numerical results
are extracted as

2.5 IS s S L T

r Central Value ]

L = = =Error Bounds |-

2.0 C g
>
©
S
A

S .
0.5F
0.0 T SR S S R S S R S S S S S SR i
0.8 1.0 1.2 1.4 1.6 1.8

T2 (GeV?)

SoF——F————"—"—"—+—+—F—"—"—"—" T
[ Central Value| ]
= = =Error Bounds |-
6.0 F
& i
>
)
U L
T 40F
=) L
N [ e === T=—-==------ T-~-"~-""""7
= -
< Fe==m===- J A I
20
QoL v v v v
0.8 1.0 1.2 1.4 1.6 1.8
T2 (GeV?)

The numerical results of the mass (left) and pole residue (right) of the A baryon.

Gyna = 0.18470018, T? = 5.5-6.5 GeV2,
gonp = 01817095 T2 =55-6.5 GeV?,
Grjpar = 013550082 T2 =5.5-6.5 GeV?,

G1/wAv = 0~371j(()).'11877’

_ 0.096

Inze = 0'577j0.096’
0.106

Gy = 0.577 1510

9ijwsT = 1-0121L8.'2211§’

9y = 0. 129j8§212 )

T? = 6.0-7.0 GeV?,
T? = 5.5-6.5 GeV?,
T? = 6.0-7.0 GeV?,
T2 = 6.0-7.0 GeV?,

T2 = 6.0-7.0 GeV2.  (33)

Based on the hadronic coupling constants, we obtain the
corresponding partial decay widths directly,

8.0
I Central Value | |
L = = =Error Bounds | ]
6.0
& -
= L
(] -
@) L
401
s L
\\—_I/ L
w I - -
~ [ === === T-======---= - =====
20B=—o——"—"~- - P e ——————— | ——
oob—— v v e e e e e e
0.8 1.0 1.2 1.4 1.6 1.8
T? (GeV?)

FIG. 2. The numerical results of the mass (left) and pole residue (right) of the X baryon.
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0.7 = = =Error bounds
04f ]
S r 4
< o e i
S pEEmm—=-—- qm————————= = T |
Q T - - ------ p e —— =
01F==="- 4-- :
02F
_0.5- ]
5.0 5.5 6.0 6.5 7

T%(GeV?)

1.0

0.7

0.4

gnAb

0.1

Central Value

L - = = Error bounds |+

e IR .

S T EEEEEE :

.0 5.5 6.0 6.5 7.0
T%(GeV?)

FIG.3. The g\, — T? (left) and oAb — T? (right) curves, where the region among the two short vertical lines of each graph represents

the Borel platforms.

o T T

r Central Value |+

- = = =Error bounds |-

0.7 ]

& 04 ]

< [ ]

= ]

~ e ———— | = = = = = = = ===

DN Ol === e e e e e e e e e = === ke e === -

02f

-5k e e i ]
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= = —Error bounds |

6.0

6.5 7.0 75
T?(GeV?)

FIG. 4. The gj/ynr — T? (left) and g, JUAV — T? (right) curves, where the region among the two short vertical lines of each graph

represents the Borel platforms.
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FIG. 5. The g5, — T? (Left) and Gys.f — T? (right) curves, where the region among the two short vertical lines of each graph

represents the Borel platforms.
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M -
r Central Value |
F = = =Error bounds |-
2.5 r E
& 15|
W F=m=-- Q=== ======== q======]
2 Fmm == I [ [P
> 0.5:
-0.5F
1'5 I R R S R S S S S ST S S
5.5 6.0 6.5 7.0 7.5

FIG. 6. The g;,57 — T? (left) and g;/,5 v
represents the Borel platforms.

I“(P.s(4338) - 1.
I’(P,,(4338) — 1,
['(P.(4338) = J/wA
Ie(P.,(4460) — .
I/ (P,.,(4460) = 1,

['(P.(4460) > J/yXZ

= 0.957030 MeV,

=0.927032 MeV,

= 52139 MeV,

11047387 MeV,

11.047}9¢ MeV,

14.76 7771 MeV, (34)

A) =
A) =
)=
%)=
%)=
)=

where the I'* in Eq. (34) is due to the hadronic coupling
constants g,, , in Eq. (16), the I'” in Eq. (34) is due to the
hadronic coupling constants g, ;, in Eq. (17), the I'* in
Eq. (34) is due to the hadronic coupling constants g,y , in
Eq. (19), the I'/ in Eq. (34) is due to the hadronic coupling
constants g,s » in Eq. (20). Taking the average value
1(I* 4 T"), the width of the P, (4338) is then 6.15 MeV,
and it is in good agreement with experimental data [5];
moreover, the ratio of the partial decay widths is

[(Pcs(4338) = n.A)
T(P,(4338) = J/wA)

=0.18. (35)

As for the P (4460) is the high isospin cousin of the
P,;(4338), we take the average value § (I + I'/), the width

RO 0 r -
r Central Value |1
= = =Error bounds :

20f

— T? (right) curves, where the region among the two short vertical lines of each graph

of this resonance state is then 25.80 MeV, the ratio of its
partial decay widths,

T (P,,(4460) — J/yX)

=0.48. (36)

V. CONCLUSIONS

In the present work, the hadronic coupling constants in
the two-body strong decays of the P_.;(4338) and P_.,(4460)
are studied via the QCD sum rules. The numerical results
show that the theoretical calculations are in good agreement
with the experimental data for the width of the P (4338)
and the ratio of the partial decay widths is waiting for more
experimental data to testify, it will in return judge our
interpretation of the physical nature of the exotic pentaquark
candidate P (4338). The hadronic decay widths for the
predicted state P, (4460) are also obtained, which will
present additional information for the possible observation
of this state in the future experiment.
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