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D75 (2007) 014005,
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X*(3860) = [cqls[cgls (with 07T),
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X(3872) = 5 ([CU]A[@]S —+ [Cd]A[EC_l]S + [CU]S[W]A + [Cd]s[EE]A) (With JPC = 1++) ,
7.(3900/3885) — ;;EZchLq@ak;—-knqspiﬂA) (with 177) ? /,
Y (3915) = [cs|a[es]a or [cs]s[cs]s (with 077),
7.(4020/4025) = [cu]aled]s (with 177 or 2+7),
Y (4140) = [cs]ales]a (with 271),
7,(4200) — zéizﬂcuLdEEk;—-kndgﬁiﬂA) (with 1+7) 7,
V(4360/4320) = <= (ealvlegls + fealsaly) (with 1),
7(4430) = %([cu] aled)s — [eulsled]a) (2S) (with 177),
X(4500) = [cs]fes]a (2S) (with 0FF),
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[csla[cs]p — |cs]p[es]a) or %([CS]V[@]SWL [esls[es]y)  (with 17
X (4700 csly[es]y (with 07F)

Y (4660,/4630)
)

X (5568) = [us]a[dbla or [us]s[db]s (with 01T,
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Z,(10610 %(mm@s—[bu]s[wm (with 1),

Z,(10650 bulalbd]4 (with 177),
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Y (4660) = [es]g[cs]s (P — wave) (with 177),
Y;,(10890) = [bqls[bgls (P — wave) (with 177),
X (4500) = [cs]ales]a (D — wave) (with 07),
X (4700) = [cs|ales]a (D — wave) (with 0F). (3)
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The correlation functions [1(p) do not depend on the energy scale p, that
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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
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4

m 5P 12 (1) T

Now the QCD sum rules have two typical energy scales yQ and T%,

where the 77 is the Borel parameter. The integrals in Eq.(6) are sensitive
to the heavy quark masses my,.
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ABRAFHFXE F S. Navarra, M. Nielsen, Phys. Lett. B639 (2006)
272 ; R. D. Matheus, S. Narison, M. Nielsen, J. M. Richard, Phys.
Rev. D75 (2007) 014005 #2, Z#KeHXIR4a"F :

o FMNAIBREE IR M (m,), FEm(m,) EBEFE—TS2, AIE
WMEERFG X ERR LR, —HRBR, AR

me(me) = 1.23+0.05GeV, 4vF Particle Data Group = &9 57-&
me(m,) = 1.975 £ 0.025 GeV ; 42 % 3 58 F0 FT 22 5% B oY AE AR IR
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o IV H AT RAEIREY ARG RF-FTEEYF YA, BPRImo(u) =
mo(mg)o JAX#K Z. G. Wang, T. Huang, Phys. Rev. D89 (2014)
054019; Z. G. Wang, Eur. Phys. J. C74 (2014) 2874,



26T B FRQCDIFa N 3T ARG TR I, F D
B S 3 BT IR AR IR G — T EEY K

EILITRABR IS, KUTICELRBERIINEREn = 10, 5F
IR AR A REAT R YRAEIL DR, EETF KRR, B
T FL A R AL A T,

FH VAT RABUR TR EB AT, R on <10 Fo fF <1, F=%E
REFFHEADYMLE, FFEFRY0(), HRE L1, 5%
k> 1 #98ps,

9



HERFFTE, KVBRAEBRIGSHKBRK [(pyTTK, &
3 QCD*%‘J;J;D-‘J

My 2 50
X/Y/Z S
N vz XD ( ) - / dspacn(s, i) exp (—=) ()
/Y/ T2 Am?,(1) T2

ma

M B 4m ( >d5 (1/T2)/0QCD<S lu) eXp ( ) (8)
X/Y/z f4mé(u) dspqep(s, i) exp (__) |

T @it 1T 5 2 QCDi% 58 A& i A4,



HVTRARSBHBEBRIFANBRARR (7QQ , EEEILRLK
—’QQ B, EERQTEI—THINSH, RIIBLETR(ERAE

E%mﬁﬂﬂﬁﬁp
g+Q — Dy, 9)
2 25, 51 42 % BRJERBERINNTFHEERNTRIYRNT
l%’
7+Q — 7Q (7)NQ). (10)
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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,
gN\'Q + Q\'q — molecule — like states, (13)

the two heavy quarks ) and () stabilize the four-quark systems ¢q’'QQ.
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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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(1) c(me) :Oés(mc>: ) ;
mp(p) = my(my) ai?;gi) % |

o) = my(2GeV) [ 216 f ,

as(2GeV
1 bilogt b}(log’t —logt — 1) + bybs
s(w) = — |1 — 55— . (15
() bt [ T + bip? (15)



B AngE . We use the energy scale formula

\/ Xyy/zp — (2Mg)? (16)

to determine the optimal energy scales of the hidden-charm (and
hidden-bottom) tetraquark states and molecular states in QCD sum
rules, VTR AFASAARENEEDRRBAKRIZXINIHST DS
¥R, KISIRIRBF BB ARGK, TERBIRAZALE N
KNYIEUr1E,

W RHVVASR J, (v) FFR Z.(3900), 782 RiEahsesr = 1.4GeV,
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fnRIVVASR ), () BFRY (4140), B4 RiEaYFEFRE 1 = 2.0GeV,
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Nu(T) {5‘7 C%C §"(z)v,CT" (x )+5j<$)07uck( )5 (z)vsCC" (z }(18)

QCDRFa N REEFFI Y (4140) 69 T8, TAEFRFIMETBLVAEAFRE | = 1.1 GeV, FH11T
LATE g, 3E 7,.(3900) F= Y (4140) A 8- B dh 09 B L AR R A G,
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Structures Constituents | OPE (No) | mass(GeV) | References
Y (4660) Cvs ® 0, ® vC CCSS 6 4.69 J.R.Zhang
Y (4660) Cvs ® 157,C cCSS 8(7) 4.65 M.Nielsen
Y (4660) C®v,C ccs§/ceqq 10 4.70/4.66 | Z.G.Wang
Y (4660) | Cv, ® v,C — Cv, ® v,C cCqq 10 4.66 Z.G.Wang
Y (4660) C®7,C cEs5/ciqq 10 | 4.66/4.59 | Z.G.Wang
Y (4660) Cvs @ v57,C ccqq 8(7) 4.64 W.Chen
Y (4660) Cv' ®0,C ccqq 8(7) 4.61 W.Chen
Y (4360) Cvs ® 0, ®vC ccqq 6 4.32 J.R.Zhang
Y (4360) Cvs ® 1570 ccqq 10 4.34 7.G.Wang
Y (4360) C®vCdy, cCqq P cc 10 4.36 Z.G.Wang
Y (4260) C®7,C &7, cCqq @ cc 10 126 | Z.G.Wang
Y (4260) Cv ® 157.C @ v ccqq @ cc 8(7) 4.26 M.Nielsen
RRTAFER, REINRE, BRTY(4260)89 57
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< = — ~
where 9,=0, — 0,. Under charge conjugation transform C, the cur-
rents J,(x) have the property,

P

CJ,(2)C7' = —J,(x). (20)



HUVORABER K, SFRIREW g, + 5 BT 4T,

2
[ (p) = M};’:]ﬂ( guy+p;p”> +o
= H<p2>( gmp;p”) + To(p?)° ;f”, 21
1§ E| R Fa N
A} exp (—%—f) = /4:; ds p(s) exp (—%) , (22)
where

p(s) = po(s) + p3(s) + pa(s) + ps(s) + pe(s) + pr(s) + ps(s) + p10(23)
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fj;%% ds%p(s) exp (—7s)
fﬁﬁ dsp(s)exp (—7s)
FERBIFVTEFTRESIRARZAINETINPIR, ZIRAEIFTDE

My = —

(24)

4

wo= \/ME— (M, +0.5GeV)? = \/MZ — (41GeV)2.  (25)

In calculations, we observe that if we take the continuum threshold pa-

rameter /sy = 4.8 4= 0.1 GeV, Borel parameter 77 = (2.2 — 2.8) GeV?,
energy scale ;1 = 1.1 GeV, the pole contribution of the ground state
vector tetraquark state Y (4260/4220) is about (49 — 81)%),

My = 4.244+0.10GeV . (26)



The pole contributions with variation of the Borel parameter 77, where
the A, B and C denote the threshold parameters /sy = 4.7GeV,

4.8 GeV and 4.9 GeV, respectively,
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The contributions of the vacuum condensates of dimension n with vari-
ation of the Borel parameter 7' for the threshold parameter /s, =

4.8 GeV,
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The mass of the Y (4260/4220) as vector tetraquark state with variation
of the Borel parameter 72,
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Iu(w) = —=—ul@) 0 (@) 5y (e O (z), @D
gijkgimn . o

Mu(z) = ———|u ' (2)Cruct(z) 9y d"(w)y"Ce' (x)
uw(2)Cv’ () 3,, Jm(aj)fyMCéT”(x)} . (28)

Under charge conjugation transform C, the currents .J/ n,(x) have the
property,

Cj/nﬂ(g:)C_l = —J/nu(z). (29)
J ()58 5z eo FEWERARATTEL28GeV, 1,(r)5 i K8
R ARATEL2IGeV, FaY (4260)5Y (4200)89 Be-75 & 1R 45,
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