Eur. Phys. J. C (2016) 76:650
DOI 10.1140/epjc/s10052-016-4514-x

THE EUROPEAN

) CrossMark
PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

Analysis of the tensor—tensor type scalar tetraquark states with

QCD sum rules

Zhi-Gang Wang?, Jun-Xia Zhang

Department of Physics, North China Electric Power University, Baoding 071003, People’s Republic of China

Received: 4 September 2016 / Accepted: 14 November 2016 / Published online: 26 November 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract In this article, we study the ground states and
the first radial excited states of the tensor—tensor type scalar
hidden-charm tetraquark states with the QCD sum rules. We
separate the ground state contributions from the first radial
excited state contributions unambiguously, and obtain the
QCD sum rules for the ground states and the first radial
excited states, respectively. Then we search for the Borel
parameters and continuum threshold parameters according
to four criteria and obtain the masses of the tensor—tensor
type scalar hidden-charm tetraquark states, which can be con-
fronted with the experimental data in the future.

1 Introduction

The attractive interaction induced by one-gluon exchange
favors formation of diquark states in color antitriplet and
disfavors formation of diquark states in color sextet. The
antitriplet diquark states sijkquCFqk have five Dirac ten-
sor structures, scalar Cys, pseudoscalar C, vector Cy,, s,
axial-vector Cy,, and tensor Coy,,. The structures Cy,, and
Co,, are symmetric, while the structures Cys, C and Cy, y5
are antisymmetric. The scalar and axial-vector light diquark
states have been studied with the QCD sum rules [1-4], the
scalar and axial-vector heavy-light diquark states have also
been studied with the QCD sum rules [5,6]. The calculations
based on the QCD sum rules indicate that the scalar and axial-
vector diquark states are more stable than the correspond-
ing pseudoscalar and vector diquark states, respectively. We
usually construct the Cys ® ysC-type and Cy, ® y*C-
type currents to study the lowest scalar light tetraquark
states, hidden-charm or hidden-bottom tetraquark states [7—
18], the corresponding C ® C-type and Cy,ys ® ysy"C-
type scalar tetraquark states have much larger masses. The
Coup ® 0P C-type scalar hidden-charm or hidden-bottom
tetraquark states have not been studied with the QCD sum
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rules, so it is interesting to study them with the QCD sum
rules.

The instantons play an important role in understanding
the U4 (1) anomaly and in generating the spectrum of light
hadrons [19]. The calculations based on the random instan-
ton liquid model indicate that the most strongly correlated
diquarks exist in the scalar and tensor channels [20]. The
heavy-light tensor diquark states, although they differ from
the light tensor diquark states due to the appearance of the
heavy quarks, maybe play an important role in understanding
the rich exotic hadron states, we should explore this possibil-
ity, the lowest hidden-charm and hidden-bottom tetraquark
states maybe of the Cys ® ysC-type, Cy, ® y*C-type or
Coup ® P C-type.

The QCD sum rules method provides a powerful theoret-
ical tool in studying the hadronic properties, and it has been
applied extensively to the study of the masses, decay con-
stants, hadronic form-factors, coupling constants, etc. [21—
23]. In this article, we construct the Coyp ® %P C-type
currents to study the scalar hidden-charm tetraquark states.
There exist some candidates for the scalar hidden-charm
tetraquark states. In Ref. [24], Lebed and Polosa propose that
the X (3915) is the ground state scalar cscs state based on
lacking of the observed D D and D* D* decays, and attribute
the single known decay mode J/¢¥w to the w—¢ mixing
effect. Recently, the LHCb collaboration observed two new
particles X (4500) and X (4700) in the J /4 ¢ mass spectrum
with statistical significances 6.10 and 5.60, respectively,
and determined the quantum numbers to be J7¢ = 0+
with statistical significances 4.00 and 4.50, respectively
[25,26]. The X (4500) and X (4700) are excellent candidates
for the cscs tetraquark states. In Refs. [27,28], we study
the Cy, ® y*C-type, Cyuys ® ysy"C-type, Cys ® ysC-
type, and C ® C-type scalar cscs tetraquark states with the
QCD sum rules. The numerical results support assigning the
X (3915) to be the 1S Cys @ ysC-type or Cy, @ y*C-
type cscs tetraquark state, assigning the X (4500) to be the
2S Cy, ® y"C-type cscs tetraquark state, assigning the
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X (4700) to be the 1S Cy,ys ® ysyHC-type cscs tetraquark
state. For other possible assignments of the X (4500) and
X (4700), one can consult Refs. [29-34]. In this article, we
study the Coyg ® 0P C-type hidden-charm tetraquark states
with the QCD sum rules, and explore whether or not the
X (3915), X (4500) and X (4700) can be assigned to be the
Coup ® o %P C-type tetraquark states.

The article is arranged as follows: we derive the QCD sum
rules for the masses and pole residues of the ground state
Coup ® o %P C-type tetraquark states in Sect. 2; in Sect. 3, we
derive the QCD sum rules for the masses and pole residues
of the ground state and the first radial excited state of the
Coup ® o %P C-type tetraquark states; Sect. 4 is reserved for
our conclusion.

2 QCD sum rules for the Co,g ® 0B C-type tetraquark
states without including the first radial excited states

In the following, we write down the two-point correlation
functions I 7, (p) in the QCD sum rules:

Mgy 2.(p) = i/d4xeip'x(O|T {JES/gu(x)J;S/JM(O)} 10),
()

where

Tss (x) = eV s T (x) Couper (X)5m (x)a*P CEl (x),

T3,(x) = 7%y (x) Copper (X)d (x)a®P CEl (). (2)

where the i, j, k, m, n are color indices, C is the charge
conjugation matrix.

At the hadronic side, we insert a complete set of inter-
mediate hadronic states with the same quantum numbers as
the current operators J Jdu (x) into the correlation functions
g /3,(p) to obtain the hadronic representation [21-23].
After isolating the ground state contributions of the scalar
cs€5 /cucd tetraquark states X 5s/du> W get the results,

22 -
g q.(P) = ﬁ +--, (3)
ss/du
where the pole residues )Lgs/[zu are defined by (0|J5s/[]u 0)]
XEs/Ju(p)) = A‘Es/z?u‘

In the following, we briefly outline the operator product
expansion for the correlation functions IT;, Jdu(P) in pertur-
bative QCD. We contract the u, d, s and ¢ quark fields in
the correlation functions ITg; 7, (p) with Wick theorem, and
obtain the results:

.. . R N ARy .
Hir(p) — lsljkglmnsl jkslmn /d4xetpx

X Tt [0, C* (1)0up C 51T ()|
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x Tr _U"‘ﬂC”/”(—x)a’“’CSm/mT(—x)C] ,

.. - VT .
ng(p) — lgukezmngz Jj'k gimn /d4xezp~x

x Tt [ 0,0 CF (x)ao,,gCUff’T(x)c]

x Tt _o“ﬁC”’”(—x)oM”CD”'/’"T(—x)C] L@
where S;;(x), U;j(x), D;j(x) and C;;(x) are the full s, u, d
and ¢ quark propagators, respectively,

i8ij X Sijms  8;j(ss)  i8ij Xms(Ss)
S = S E T e T 1 T a3
8ijx* (5850 Gs) | i8;jx* ¥my (5850 Gs)
192 1152
i8sGoptfi (o + 0P ¥)
3272x2
i8;jx% g3 (55)?
7776

8, x*(3s)(g2GG) 1
- oGO L o)

27648 8
1 ] 1
- Z(sj-y SVt (35)
U/D;j(x) = Sij(x) lmy—0, (55)—(dq). (38s0Gs)— (G20 Gq), ..o
(©6)
i : 8ij
C;: — d4k —ikx ) %
) = / ¢ {k = me
8sGoptls o ( +me) + (K + me)o®P
4 (k2 — m?2)?
8s Do Gl 115 (fF + f1F)
3(k2 —m2)*
85 (11 Gog Gl (fOP1Y 4 fOHRY 4 foiP)
4(k2 — m2)5
4 } 7
P = W+ m)y* f+ my H +me)yPH+m,),
PR = ([ A+ m)y f+myP K+ me)y" K+ me)
x Yy 'k +me), (8)

and " = %, the A" is the Gell-Mann matrix, D, =
0y — igsGht" [23]. Then we compute the integrals both in
the coordinate space and the momentum space, and obtain
the correlation functions IT;, Jdu (p) at the quark level, there-
fore the QCD spectral densities through dispersion relation.
In this article, we calculate the contributions of the vacuum
condensates up to dimension 10 in a consistent way, for tech-
nical details, one can consult Ref. [35].

Once the analytical QCD spectral densities are obtained,
we take the quark—hadron duality below the continuum
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thresholds s?Y Jiu and perform Borel transform with respect

to the variable P2 = — p? to obtain the QCD sum rules:

M2 $0
2 Ss/du 5s/du s
AES/‘;M exp 72 = Amz ds P55/, (5) exp(—ﬁ),
)
where

P55 () = po(s) + p3(s) + p4(s) + ps5(s) + pe(s) + p7(s)
+ pg(s) + p1o(s),

Piu (s) = pss(s) |ms—>0, (ss)— (10)

(q8s0Gq)>

1 yr 1=y 5 _o\2
po(s)_@/yi dy/Zi dzyz(1—y—72) (s—mc)

(q9), (5gs0Gs)—

ps(s) =
X <7s2 —6smg+n_1ﬁ)
1 yfd l—yd . 5 —\3
+_32776/yl- y/Zi zyz(l—y—2) (s—mc>
x <3s - mg) , (1)
ss) [Yf 1=y
p3(s) = 7 / dy/ dzyz(1—y—2)
2t Uy Zi
x (10s2 - 12sm2+3m—4)
ms yj 1 -y
/ / dzyz s—m )<2s— )
pe(s) =
3mygm? s 1=y
_ msmZ ss f dy/ dz s—ﬁ%), (12)
7 Yi z
(5) = — M <“"GG>/yfd /l_yd ¢4
§) = —(— — + =
o 4874 7w Y Y 2 ¢ y: o 2
x(1—y—z)3{2s——2+65( %)}
2 5 1_1
m: [a,GG f)f / Y Z y
— d dz [ = + 2
48n4< T > yi Y . ¢ y2+Z2
x (1 —y—z)2 (3s —2%%)
1 [a;GG\ [/ 1=y 3
- d dz(1—y—
8647r4< P >/ y/z,. ed=y-23)
X (10s2— 12sm§+3m—4;)
p1(s) =

) T
x (s —m2) (20 -72)

7 |asGG\ [/ 1=y
d d
+5767T4< s >/1 yli Z(y+Z)

x(1—y—2z)? (IOs2

1 [a;GG\ [/ 1=y
- d d
72n4< T >/l y/i 26 +9)
x(l—y—z)(s— )(ZS— )
1 [asGG\ [¥f 1=y
- d dz yz(1—y—
144n4< . >/ y/Zi zyz(1-y—2)

x (10s2 — 12572 + 3m—4;)

7 |asGG\ (7 1=y )
: d d <——>
+144714< - >/y’ yl{ Zyz\s —my

x <2s — mg) , (13)

50.0G yf 1—y
_my (Sgsj s) / dy/ dz vz
2 yi zi
8 =2
X {2s —m; + gS (s —mc)}
550G s ~
_ s (5850 Gs) / dy y(1 —y) <3s ~ 2m3)

64 1

3mgm (sgSUGs) f
s\ osT d
+ 4714 Y

sggaGs fyf /1 Y
24714 ’
ng 5S)

(14)
2m2(5s)? /yf
72 Y 27t

yf 1=y
/ dy/ dzyz
X {2s—n_1%+€8(s—ﬁg)}

ng (35)2 s —
T / dyy(l—y)(3s—2m )

yf 1=y
- 1627t4,/ / dz(1—y—2)
10 Y\, 2 —2
x {?(F—}—Z—z)mc[Z—i—sS(s—mc)]

5 8 2
+28(y +2) |:2s —m, + KB (s — mc):|

(i 2) o)
25 Lo (30 3)

x(l—y—z)( 2+2sT4>3(s—n—13)

e () o (G )
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(1+—)5(s—m2) .

i P e e (e E)
o)
o) [ w3
xa(s—mf)

aSGG Yr dy 1-y
18712 , 1

2s -
{1+(3 +6T2)8<s—mc)}
myg(ss) [asGG 1 o
"o < n >/0 dy {1+25( )}
Tmg(5s) [asGG\ [Yf 1-y
+ 7272 < >/y1 dy/. dz (y+2)
{l—i—( 6T2) (s }
et [ [
97[2 Yi Y 4
_ )
xdz yzs( C)
msm?2(ss) [asGG\ [! s
REE < n >/0 ar(1+ 7)
X(S(s—ﬁz)’

S\ /5 1
(ss)(sgsoGs)/ dys8<s —%g)
0

1872
2/56\ (5 1
m=(ss)(sgs0Gs) K ~2
R Ody(”ﬁ)é(s—mc)’
(17)

dz(l1 -y —2)

(16)

pg(s) =

2% 2 pl
mz(sgsoGs) 5 ~
276 /0 dys=$ (s - mc>

_mj<§s>2<asGG>/1dy i+ 1
9T T 0 yvood=y)?
x8(s—n~1£)
mz(fs)2<asGG>/ldy i+ 1
312 T 0 y2 (1—y)?
x8( 2)
aSGG ~
27T2< > dys‘s som )

11(5gs0 Gs)? e
36n2T2 [dysS s—m )

p1o(s) =
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Table 1 The input parameters in the QCD sum rules, the values in the
bracket denote the energy scales u = 1, 2 GeV and m, respectively

Parameters Values

qq)(1GeV)
55)(1GeV)
qgs0Gq)(1GeV)
5gs0Gs)(1GeV)

—(0.24 £0.01 GeV)? [21-23,36]
(0.8 4+ 0.1)(7¢q)(1GeV) [21-23,36]
m3(Gq)(1GeV) [21-23,36]

(
(
(
( m3(5s)(1GeV) [21-23,36]

m3(1GeV) (0.8 4+0.1)GeV? [21-23,36]
(%8G (0.33GeV)* [21-23,36]
me(me) (1.275 £ 0.025) GeV  [37]
ms(2GeV) (0.095 £ 0.005) GeV  [37]

(5g50Gs)* (1., -
- RlTr ), dys S(S_mc>

m2(55)? |a,GG )
+ o < - >/0 dys?6 (s —i2). (1)

I+ 174m3/s o 1—4m? /s S ymg
Yy = = 2 > %= ys—m2’
=2 _ (y+z)m2. ~ _ yf 1-y
Mo =TT e y(l y) Sy dy = Jy 4, e~

fol ' dz, where the § functions & (s — mc) and § (s — r%%)
appear.

We differentiate Eq. (9) with respect to 2 , then eliminate
the pole residues A Jdu> and obtain the QCD sum rules for

the ground state masses M, of the Cogp ® 0P C-type
scalar hidden-charm tetraquark states,

§s/du K
e )

ss/du — 9/(}
f4m% dspgy /., (5) xp (—%)

19)

The input parameters are shown explicitly in Table 1.
The quark condensates, mixed quark condensates, and MS
masses evolve with the renormalization group equation; we
take into account the energy-scale dependence according to
the following equations:

(G9) (1) = (Gq (Q)[%(Q)}
o ()
4
(55) (1) = (55)(Q) [“S(Q)T ,
s (1)
(48:0G)(w) = <qgsacq>(Q)[s<(Q)>} ’
(58,0 G5 (1) = (58,0 G5)(Q) [—“S(Q)r ,
o ()

12
me(i) = me(me) [;S(fq’;‘))]%
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I

as () i| %

mg(u) = my(2GeV) [m

as ()

1 {1 by logt  b*(log?t —logt — 1)+b0b2:|
=il T2 i 7
bot by t b0t2
(20)
_ 2 _33-2ny _153—19n; _
where t = log%, by = ~pt b1 = Szt by =

285733 n p+ 32

(T A = 213, 296 and 339 MeV for the fla-
vors ny =5, 4 and 3, respectively [37]. Furthermore, we set
my =mg = 0.

In the diquark—antidiquark type tetraquark system Qg 0g’,
the Q-quark serves as a static well potential and combines
with the light quark ¢ to form a heavy diquark D in color
antitriplet, while the Q-quark serves as another static well
potential and combines with the light antiquark ¢’ to form
a heavy antidiquark D in color triplet; the D and D com-
bine to form a compact tetraquark state [16—-18,35,38,39].
For such diquark—antidiquark type tetraquark systems, we

suggest an energy-scale formula u = \/ M}z( 1Y)Z (2Mp)?

to determine the energy scales of the QCD spectral densi-
ties, where the X, Y and Z are the hidden-charm or hidden-
bottom tetraquark states Qg Qg’, the My are the effective
heavy quark masses. In this article, we choose the updated
value M, = 1.82GeV [40].

Now we search for the Borel parameters 72 and contin-
uum threshold parameters sgs Jiu according to the four crite-
ria:

1. Pole dominance at the hadron side;

2. Convergence of the operator product expansion;
3. Appearance of the Borel platforms;

4. Satisfying the energy scale formula.

We cannot obtain reasonable Borel parameters 72 and
continuum threshold parameters sEOX s if the energy gap
between the ground state and the first radial excited state
is about 0.3 — 0.7 GeV.

3 QCD sum rules for the Co,g ® o * C-type tetraquark
states including the first radial excited states

Now we take into account both the ground state contribution
and the first radial excited state contribution at the hadronic
side of the QCD sum rules [41]. First of all, we introduce the
notations T = %, D" = (—d%)n, and use the subscripts 1
and 2 to denote the ground state and the first radial excited
state of the Coyp ®0*P C-type tetraquark states, respectively.

Then the QCD sum rules can be written as

32 exp (—erz) +2Zexp (—erz) = Moep(1); 2D

the subscript QCD denotes the QCD side of the correlation
functions ITg, Jdu (7). We differentiate both sides of the QCD
sum rules in Eq. (21) with respect to T and obtain

)»%Mlz exp (—erz) + )»%M% exp (—erz) = DIlgcp (7).
(22)

Then we solve the two equations and obtain the QCD sum
rules,

(P = M?) Mgen(@)
2 2
M — M

Aexp (—TM?) = : (23)

where i # j. We differentiate both sides of the QCD sum
rules in Eq. (23) with respect to T and obtain

(1)2 - MJZ.D> Mocep (1)
(D — sz.) Mocp ()
(D3 — MJZD2> IMoep(T)

(D — M]2) Iocep(7)

M} =

’

MY =

1

(24)

The squared masses Ml.2 satisfy the following equation:
M} —bM? + ¢ =0, (25)

where
B D3@D"—D?gD

b= ,
D2®D'—D®D
D3® D — D?>® D?
“ D@D —D®D’
D/ ® D" = D/Tlgcep () DFMgep (7). (26)

i=1,2,j,k=0,1,2,3. We solve Eq. (25) and obtain two
solutions,

b— b —4
M%:%, 27)
» b+ b — 4¢ )8
ke (28)

The ground state contributions are separated from the first
radial excited state contributions unambiguously, and we
obtain the QCD sum rules for the ground states and the first
radial excited states, respectively.

Again, we search for the Borel parameters 72 and contin-
uum threshold parameters s?s Jiu according to the four crite-
ria:

1. Pole dominance at the hadron side;

2. Convergence of the operator product expansion;
3. Appearance of the Borel platforms;

4. Satisfying the energy scale formula.

@ Springer
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The resulting Borel parameters 72 and continuum thresh-
0
old parameters Sty /du &€
_ .2 _ 2 0 _ 2
XG, :T7°=2.0-24)GeV", 5; = (48£0.1GeV)~,
X35 : T? = (2.1 —2.5) GeV?, 52 = (4.8 4+0.1 GeV)?%.
(29)

The pole contributions are

X;,(1S +25) : pole = (68 —89)% at u = 1.20 GeV,
X;,(0S +25) : pole = (79 — 95)% at p =2.45GeV,

(30)
X5s(1S 4+ 2S) : pole = (64 — 87)% at u = 1.20 GeV,
X55(1S 4+ 2S) : pole = (76 — 93)% at p = 2.50 GeV,

(31)
the pole dominance condition is well satisfied, the criterion
1 is satisfied. The contributions come from the vacuum con-
densates of dimension 10 Dy are
X5,(IS+25): Dijg=(9—25% at pu =1.20GeV,
X;,(0S428):Djp=4—-1D)% at pu =2.45GeV,

(32)
X55(IS4+2S): Dijg=(5—14)% at u = 1.20 GeV,
X5s(IS4+2S): Djgp= 2 —6)% at u =2.50GeV, (33)
for the central values of the continuum threshold parameters,
the operator product expansion is convergent, the criterion 2
is satisfied.

Now we take into account the uncertainties of all the input
parameters, and obtain the masses and pole residues of the
Coup ® o %P C-type tetraquark states,

Mj, 15 =3.82£0.16GeV,

Mss18s = 3.84 £0.16GeV,

Auis = (5.20 £ 1.35) x 107> GeV”,

Ais.1s = (4.87 £1.25) x 1072 GeV?, (34)
at the energy scale © = 1.20GeV,

Mj, 55 = 438 £0.09GeV,
Mg = (2.12£0.31) x 107! GeV?, (35)
at the energy scale u = 2.45GeV,

Mg = 4.40 £0.09 GeV,
Ass2s = (2.14 £ 0.33) x 107! GeV?, (36)

at the energy scale u = 2.50GeV. The central values of
the predicted masses satisfy the energy-scale formula, the
criterion 4 is satisfied.

In Fig. 1, we plot the predicted masses M, 5, with vari-
ations of the Borel parameters T 2. From the figure, we can
see that the plateaus are rather flat, the criterion 3 is satisfied.

@ Springer

The four criteria are all satisfied, we expect to make reliable
predictions.

The energy gaps between the ground states and the first
radial excited states are

M&uﬁzs - ML;M,]S = 0.56 GGV N
Mg 25 — Mss1s = 0.56 GeV. 37)

Z(4430) is assigned to be the first radial excitation of
Z+(3900) according to the analogous decays,

Z:(3900)F — J/yrt,
Z(4430)* > y'z 7, (38)

and the mass differences Mz4430) — Mz, 3900) = 576 MeV
and My — M,y = 589MeV [42-44]. The energy gaps
Mgz, s — My, 15> Mss2s — Mss 15, Mza30) — Mz, (3900)
are compatible with each other. The widths I'z_ 3900y =
46 &+ 10 £ 20MeV [45] and FZ(4430) =172+ 131_;471' MeV
[46] are not broad, the QCD sum rules for the ground
state Z.(3900) alone or without including the first radial
excited state Z(4430) work well [35]. If both the ground
state Z.(3900) and the first radial excited state Z(4430)
are included in, the continuum threshold parameter ﬁ =
4.8 £0.1GeV = Mz@430) + (0.2 ~ 0.4) GeV, the lower
bound of the /so — Mz430) is about 0.2 GeV, which is
large enough to take into account the contribution of the
Z(4430) [44]. In the present case, the lower bound of the
V50 — Mg, /5, 2 are about 0.3 GeV, which indicates that the
widths of the first radial excited states of the Coyp ® 0 C-
type tetraquark states are rather large. According to the
energy gaps between the ground states and the first radial
excited states, the continuum threshold parameters should be
chosen as large as /s — Mg, 5515 = 0.5+0.1 GeV without
including the first radial excited states Xz, 5, o5 explicitly,
however, for such large continuum thresholds, the contribu-
tions of the X7, 5, »g are already included in due to their large
widths. So the QCD sum rules in which only the ground state
Cous ® %P C-type tetraquark states are taken into account
cannot work.

The predicted mass Mz, 15 = 3.84 = 0.16 GeV over-
laps with the experimental value Mx 3915y = 3918.4 &+
1.9MeV slightly [37], the X(3915) cannot be a pure
Cous® o %P C-type cs¢5 tetraquark state. The predicted mass
M350 = 4.40 £ 0.09 GeV overlaps with the experimental
value My uso0) = 4506 £ 11712 MeV slightly [25,26], the
X (4500) cannot be a pure Cogyg ®0c*P C-type csC5 tetraquark
state. As the central values of the My, 15 and My, os differ
from the central values of the Mx 3915y and Mx 4500) signif-
icantly, it is difficult to assign the My (3915) and Mx 4s00) to
be the Coyp ® o C -type cscs tetraquark states. The Xs; 15
and X5, 25 are new particles, the present predictions can be
confronted to the experimental data in the future.
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Fig. 1 The masses with variations of the Borel parameters, where the a, b, ¢ and d denote the X, |5, X5s,15, X du.2S and Xj; o5, respectively

4 Conclusion

In this article, we study the ground states and the first
radial excited states of the Coyg ® 0P C-type hidden-charm
tetraquark states with the QCD sum rules by calculating the
contributions of the vacuum condensates up to dimension 10
in a consistent way. We separate the ground state contribu-
tions from the first radial excited state contributions unam-
biguously, and obtain the QCD sum rules for the ground
states and the first radial excited states, respectively. Then
we search for the Borel parameters and continuum threshold
parameters according to the four criteria: (1) pole dominance
at the hadron side; (2) convergence of the operator product
expansion; (3) appearance of the Borel platforms; (4) satisfy-
ing the energy-scale formula. Finally, we obtain the masses
and pole residues of the Coyg ® 0P C-type hidden-charm
tetraquark states. The masses can be confronted to the exper-
imental data in the future, while the pole residues can be used
to study the relevant processes with the three-point QCD sum
rules or the light-cone QCD sum rules.
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