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1. Introduction
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QCD Sum Rules (QCDSRY):

Shifman, Vainshtein, Zakharov (SVZ), 19794
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Molecular states:

M. B. Voloshin and L. B. Okun, JETP Lett. 23, 333 (1976)
A. D. Rujula, H. Georgi, and S. L. Glashow, Phys. Rev. Lett. 38, 317 (1977)

N. A. Tornqvist, Z. Phys. C 61, 525 (1994)

Y(3930) mmmm) D* D* X. Liu, Z. G. Luo, Y. R. Liu, and S. L. Zhu;
Y. C. Yang and J. L. Ping
Y(4140) mmmm)p D D* X. Liu and S. L. Zhu; N. Mahajan;
T. Branz et al.; G. J. Ding...
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Xcep X. Liu, X. Q. Zeng, and X. Q. Li
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wXel . Z. Yuan, P. Wang, and X. H. Mo
Z(4430) mmmmp D* D, C. Meng and K. T. Chao; X. Liu, Y. R. Liu,

W. Z. Deng, and S. L. Zhu
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X(4350) mmmp D7 D Zhang&Huang; Y. L. Ma

Y (4274) - D¢Dg(2317) X. Liu, Z. G. Luo, and S. L. Zhu
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2. New molecular candidates: X(1910), X(2200),
and X(2350)
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Here, call X(1910), X(2200), and X(2350)
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tetraquark Vs molecular

1. Cross sections lower than predictions of tetraquark model

2. Masses:
H. X. Chen, A. Hosaka, and S. L. Zhu, Phys. Lett. B 650, 369 (2007).

JV =0t qqqq 0.6 ~ 1 GeV

H. X. Chen, A. Hosaka, and S. L. Zhu, Phys. Rev. D 74, 054001 (2006).

JP =0T wudss 1.5 GeV
D. Ebert, R. N. Faustov, and V. O. Galkin, Eur. Phys. J. C 60, 273 (2009).
JP =0T 5888 2.2 GeV

Motivation: new molecular states?
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Current:

Jww = (G'_ v )((f "Yule! )
Jmf;ir = (@Y qe)(5e7 Y Ser )
(§ s )(qc "YuSe! )

two-point correlator:
MM(q%) = i [ d*xe'®*(0]T[j(x);j(0)]|0)
Phenomenological side:

. 1 / Imnphen( )
D) 2 + — dS
MH —q ™ 50 S — q
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(g*) = + subtractions
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OPE side:

~  OPE
H(q2):/ dSp ( )_|_HCOIld(q2)

pOPE(s) = LimmOPE(s)

‘Equating the two sides + quark hadron dualiy + making a Borel transform
A2 e~ Ma /M _ / " 4spOPE —s/a* | pricond

min

Mass sum rule:

d éHcond
ME = / dSpOPE et ( 1 ) / s pOPE w7 o prreond
Smin d(_m) Smin
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;LIQC) b, _ 212(5 b _ ;E45 b, _
= {gio - Go) + =—gmgl9@0 - Ga) — 7510} (0°C).

3,90 ). 32 )10, 33

with the similar procedure as:
Zhang, Huang: PRD 80, 056004 (2009);

Zhang, Huang: JHEP 1011, 057 (2010);

Zhang, Zhong, Huang: PLB 704, 312 (2011);

Zhang, Huang: PRD 83, 036005 (2011);
Zhang, Gan, Huang: PRD 85, 116007 (2012).
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1 55)2 - so0-Gs
ppert(s) = o156 84? fJ(SS> (s) = <23?32 s, l’()(gscr-GS} (s) = (g i )-}'nss,
ce\ (2 2 55)(g*G*? e\ i ss){gso - G's
ﬁ{ag}(g G >(S) _ _( 3%(;%4 >ms._ f){ss){gsg-@s} (s) = ( ><§37_2 )_

- so-Gs)(gso - Gs 55)% (g% G*?
BHcond — —ms(3s ) (9 2(27(_92 ) n ( 32> '<;57T2 )
for ¢ state
m, = O_loirg-ggGeV (4q) = —(0.23+0.03)’GeV*
(55) = —(0.8+0.1) x (0.23+ 0.03)° GeV* (990-Ga) = mg (q0)
(g50-Gs) = m; (S5) m2 =0.8+0.1GeV?  (g’G?)=0.88GeV"
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1. OPE convergence

2. pole dominance

3. /s, ~M,, +0.5GeV
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FIG. 1: In the left panel, the solid line shows the relative pole contribution (the pole contribution divided by the

total, pole plus continuum contribution) and the dashed line shows the relative continuum contribution from sum

rule (6) for /sy = 2.4 GeV for ww state. The OPE convergence is shown by comparing the perturbative with other
condensate contributions from sum rule (6) for \/so = 2.4 GeV for ww state in the right panel.
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1.974+0.17 GeV|[for ww state M (ow) ~1.91GeV
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FIC. 2: The mass of ww state as a fimction of M* from st rule (7) is shown. The contimuum thresholds are taken
a8 /50 = 2.3 ~ 2.5 GeV. For /s = 2.3 GeV, the range of MHis 08~ 12 GeV* for /59 = 2.4 GeV, the range of
M is 0.8 ~ 1.3 GeV*; for /5 = 25 GeV, the range of M* is 0.8 ~ 14 GeV*
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FIG. 3: Tn the left panel, the solid line shows the relative pole contribution (the pole contribution divided by the

total, pole plus continuum contribution) and the dashed line shows the relative continuum contribution from sum
tule (6) for \/sp = 2.6 GeV for wo state. The OPE convergence is shown by comparing the perturbative with other

condensate contributions from sum rule (6) for /sy = 2.6 GeV for we state in the right panel
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M(wd) ~ 2.2 GeV

2.07£0.21 GeV for wo state

1'8.5 ‘i 1.;V2) I2 2.5
FIG. 4: The mass of o state as a fnction of M from sum ule (7) 5 shown in the righ panel The continuum
thresholds are taken as fig = 25 ~ 2.7 GeV. For /5 = 25 GeV, the range of M*is L1 ~ L4 GeV?; fo

iv=26 GeV, the range of M i 1.1~ 15 GeV™, for /3y = 27 GV, the rangeof W V16 GV
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FIG. 5: In the left panel, the solid line shows the relative pole contribution (the pole contribution divided by the
total, pole plus continuum contribution) and the dashed line shows the relative continuum contribution from sum
rule (6) for y/so = 2.7 GeV for ¢ state. The OPE convergence is shown by comparing the perturbative with other
condensate contributions from sum rule (6) for /sy = 2.7 GeV for 00 state in the right panel.
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2.18 £0.29 GeV for oo state

M(¢¢) ~ 2.35 GeV
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FIG. 6: The mass of 6o state as a function of M* from sum rule (7) is shown. The continutm thresholds are taken
a5 /5o = 2.7~ 2.9 GeV. For \/sp = 2.7 GeV, the range of M*is 1.1~ 1.6 GeV™ for VS0 =28 GeV, the range of
M i5 1.1~ 1T GeV*; for /55 = 2.9 GeV, the range of M is 1.1 ~ 1.8 GeV*,
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3. Summary

1) Assuming the newly observed resonant structures X(1910), X(2200), and X(2350) as ww, wo,
and 0o molecular states respectively, we compute their mass values in the framework of QQCD sum
rules. The numerical results are 1.97 £ 0.17 GeV for ww state, 2.07 + 0.21 GeV for wo state, and
2.184+0.29 GeV for ¢¢ state, which coincide with the experimental values of X(1910), X(2200), and
X(2350), respectively. This supports the statement that X (1910), X(2200), and X(2350) could be
ww, wo, and oo molecular candidates respectively.

2) The differences between our central values and experimental data are

probably caused by that we have not considered the spin-2 components,

which implies that the theoretical predictions might be improved by including
J = 2 components for the future.

3) One needs to take into account other dynamical analysis to identify the
nature structures of these states for further work.

Thamks!
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