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1. Tetraquark state
2. Molecular state
3. Threshold effect, Rescattering effect, Cusp effect

4. Hybrid state
5. Hadro charmonium .
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The correlation functions Il(p) for the hidden-charm (and hidden-
bottom) tetraquark states at the quark level can be written as

M(p) = > Culp?, 1){On(p)) = /4002 dspQCD(S’Qm

Q(N) 5=
S0 S, @) S,
_ / dSIOQCli< 2#) N / p SPchi( 2#)) (8)
4m2Q(,u) S—P 50 S—pP

where the C,,(p?, 1) are the Wilson’s coefficients, the (O, (1)) are the
vacuum condensates of dimension n, the pocp(s, 1) are the QCD spec-

tral densities, the p is the energy scale, i > Agcp, the mg(p) are heavy

quark masses, and the sy are continuum threshold parameters.
The ground state contributions are

/ dSpQCD(S;N) . (9)
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The correlation functions [1(p) do not depend on the energy scale p, that
is

d
2w) = 0, (10)

but we can not warrant

d [
Il dSpQCD(S;M)
d:u 4mé(,u) S—D

— 0, (11)

due to the following two reasons inherited from the QCD sum rules:
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We perform the Borel transformation with respect to the variable P? =
—p? and obtain

S0 S0
/ dSIOQCD(S;N) >/ dSPQCD(SnLL) eXp( 5) C(12)
1 4

my) ST D (1) T T

Now the QCD sum rules have two typical energy scales p* and T2,

where the 77 is the Borel parameter. The integrals in Eq.(12) are sensi-
tive to the heavy quark masses m.
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We take quark-hadron duality below the continuum thresholds s, per-

form the Borel transformation with respect to the variable P* = —p?,
and obtain the QCD sum rules,

M3 v,z w0 S
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me (1)



We differentiate above QCD sum rules with respect to %, then eliminate
the pole residues A x/y,/z, and obtain the QCD sum rules for the masses,

v f4mQ ds 1/T2)/0QCD<S w) exp (—72) (15)
XYz f4m ) dspoop(s, 1) exp(—=)

Then it 1s easy to obtain the pole residues,
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where the 7 1s color index, the A\ is Gell-Mann matrix.



Then

DZQ +D_,Q — compact tetraquark states,
qQ wﬁQq — loose molecular states,
gNQ + QMg — molecule — like states, (21)

the two heavy quarks ) and () stabilize the four-quark systems ¢q’'QQ.
ALK ST RSP SIRIHQCDRFa N = LAJE B35
ARG EFOFZ T R IR IFTUREX

The heavy four-quark systems are characterized by the effective heavy
quark masses My (or constituent quark masses) and the virtuality

V= \/ X/v/z (2M)? (or bound energy not as robust), where the
X/Y/Z denote the four-quark systems ¢’ QQ.
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The vacuum condensates are taken to be the standard values (Gq) =
—(0.24 + 0.01 GeV)3, (ss) = (0.8 + 0.1)(qq), (Ggs0Gq) = m2(qq),
(3g9s0Gs) = m3(ss), m3 = (0.8 & 0.1) GeV?, (255) = (0.33GeV)? at
the energy scale = 1 GeV.

The quark condensates and mixed quark condensates evolve with

4
the renormalization group equation, {(gq)(n) = {(qq)(Q) {%}9,
2

(55 (1) = (5)(Q) |29, (ag.0Ga)(w) = (@9.0Ga(Q) [244]",
and (5g,0G's) (1) = (5g50Gs)(Q) [%@} 7

s (1)




We take the MS masses m.(m.) = (1.275%0.025) GeV,
my(my) = (4.18 £ 0.03) GeV and m, (1 = 2 GeV) = (0.095 = 0.005) GeV

from the Particle Data Group, and take into account the energy-scale

dependence of the M S masses from the renormalization group equa-
tion,
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o) = my(2GeV) [ 216 f ,

as(2GeV
1 bilogt b}(log’t —logt — 1) + bybs
s(w) = — |1 — 55— . (23
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BT Avgl . We use the energy scale formula

\/ X/Y/Z/P (2MQ)2 (24)

to determine the optimal energy scales of the hidden-charm (and
hidden-bottom) tetraquark states in QCD sum rules, FKTV1IREFFH S
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