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1 INTRODUCTION

Charmonium Spectroscopy:

Experiments: Belle, BABAR, CDF, DO...
In 2003, Belle reported X (3872) in BT — K J/¢Yn n~

channel.

New States: X (3872), Y (3930), Z(3930), X (3940), Y (4008), @
Z7(4050), Y (4140), X (4160), Z; (4250), Y (4260), Y (4360), :
7+(4430), Y (4660)...
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EEZEN
Many interpretations were proposed such as hybrid,
molecular or tetraquark state, baryonium state o
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Motivation :

o J''C of the quark-antiquark system :

P — ( >L+1 O = ( )L+S
J=l= L= 5C—{=1""" =+l

0~ 1s exotic 1n CQM!

0~ tetraquark state :

qqqq : J1ao, Chen, Chen and Zhu, PRD 79, 114034 (2009).

gcqc state!
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2 CURRENTSOF JPC —0~—— AND 0

Using the diquark-antidiquark construction (gc)(qgc),

the pseudoscalar tetraquark (J© = 07) currents can
be constructed :

Savea = (4, Cc)(qe5C¢,)

Pabed = (q, C503)(q.Ccy)

Tutea = (4 Cous) (@010 ) e

Vabed = (¢ Cyucn) (@7 15C¢5) ln]

Aabed = (g Cyv56) (@ Cey)- S
To compose a color singlet current, the diquark and j
antidiquark should have the same color symmetries: j

6R60r3®3
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= q, Ccy(q.v:Cep + qysCe. )
= ¢} Cys50(q.CE + @ Ces ),

— 4, CO_,uVCb(QaO-'LW 50 — @;0"“”’75055) ;

= q, Ccy(qsCay, — asCey )

= 4, C%Cb(%c@ — %05 ),

= q, Coe(Ga" 150, + @’ 1:Ce, )
— 4q C%%(Qﬂ 750 - Qv ’}/506 ),

= q, C%%Cb(gﬂ C Eb — Cjw“OéT)

= 4o Cuco(Gay"1:Cy — @150, )

= g, Cv,v50(@7"Cey + @y Ce, ) .
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Taking the charge-conjugation transformation :

CSC =P, CS;,C =P, CT:Ct=T;,
CVaC 1= A; CV;C 1= A4;, CT,C ! =

We get four currents with J/'¢ =0 :

=Ss— P =q.C cb(qa%ch + aysCct)
—C]a LCysen(q.CE +%C oY,

e = Vs — As = q, C’mcb(q(ﬂ %C + QY 750%) j
~d s CYuv56s(qay” ch +an"Ce,),

= V53— A5 = ¢ Cmcb(qw C8 — ayy*ysCe, ) |
—qa C%{%Cb((]cﬁ C — Qbfyucég) ) :I

= 53— P3=gq, ch(qa%(] Cp — %%C Ca) j

—qL Cyse(q.Cef — g Cel) .
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And six currents with J/¢ = 0~ :

ns = 5S¢ + I = d, OCb(Qa%CCb + qQyysC'c )
+qa C%cb(qaC + qu )
ne= 13 = qa CUWCb(C]aU 750 — gy s C 55)
=Vo+ As = q, Omcb(qav Ce, + @y sCe,)
T, Cfmscb(qw“(fcb +qy"Ce,)

s = Vst Ay =q, C%Cb(qw iCe, — ' Ce,) B
4, C%%cb(qav Cel — (jbfy“Céf), el

=S+ Py =¢q,C Cb(qa%C Cy — qb%Cc )
T, 2 C56s(0 0T, — B 1) .

mo= 1 =gq, Cauycb(qaa“y sC¢; + quotvsCEL)
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3 THE SPECTRAL DENSITY

Up to dimension 8, the spectral density p;(s) at the
quark-gluon level reads:

~\2

pOPF = prr(s) + pl4(s) + p'DI(s) + p" (5) + p117

For these expressions, the integration limits are:

1+ +/1 —4m2/s 1 — /1 —4m2/s
Nar — s Omin —
2 , 2
6max = Il — , Bmm — e

_ m2
as — m:
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pgert (S)

(qq)

_ _mg(cjgsa . GQ> <QQ> /1 dOz( 4mg 3 5)6_04(1—?”70)1\/1%
o « abM3

256 2 3o
ot T B Vi + pym? —2085l(a + Hm? — apsl}.
A0 -

2

672 ’
BfGS ﬁmax 1I1 5 1 — o — 5 M4
3X267T6/ / 2 @O; ) )[ 12(aBM3)* +
a2
6aSMp(a+ B)m; + (a + B)*m] + t aa4 Jaic 208Mj; + (o + B)m]

(1—a—pB)? _(c:rﬂ)mg
— e [BafMp + Mi(a + B)m?)Ye M5 |
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p]éert<8) _

P (s) = 0,

2)

Umaz Brmaz (1 _ n — R)2
% omin = / - - ;3 2 [(a + B)mg — 3aBs][(a + B)m; — afs]’,
2 2 Umnaz ] ﬁmax v — 2 2
26G6 /a a/ U —a=p)m 2(a + B)m? — 3]
1‘a;Q'“Mﬁm+5wﬁ—&me+ﬂmﬁ—mﬁ,
07
2/~ \2
_2m_(;f§q> 1= dm2s .
2(qgs0 - Gg){qq) [ do, 3m? -
Ml%) _ _mc<qg ZWQ Q><QQ>/O E&(Ozzg — 1)e °O-aMg
3fG3 5max 1 Bl—a-—4 M4
Mp) 33X 277T6/ / o ozoé | )[12(&5MB)
o A\2002
6aBMz(a + B)Ym? + (a + B)*m)] + 3 &&4 B)me
2 21 3(1—a— 5)2 4 2 2
208Mp + (a + B)m] oos (3B Mp + Mp(a + B)m]
— 2 3aBMA+ ME(a+ B)m}e
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e Both condensates (gq) and (gg,0 - G'g) vanish for

the special Lorentz structures of the currents:

Vanish! t
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e The four quark condensates (q)° and (qq)(qo - Gq)
are proportional to the charm quark mass and can

not be omitted :
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e The tri-gluon condensates (g’ f*“G*G'G*):
The first and second classes vanishe because of

the special color and Lorentz structures of the

currents. The third class 1s much smaller than
other condensates: e s
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4 NUMERICAL ANALYSIS

We use the tollowing values of the quark masses and
various condensates in the QCD sum rule analysis:

me(m.) = (1.23 + 0.09) GeV ,
my(my) = (4.20 & 0.07) GeV

(qq) = —(0.23 4+ 0.03)° Ge V"~
<_gs(7 ' GQ> — _Mg<QQ> ;
M; = (0.84+0.2) GeV~,
(8s)/(aqq) = 0.8£0.2,

(g GG> — (.88 GeV*,

(g’ fGGG) = 0.045 GeV'
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The pole contribution(PC):
4‘22 dse=*/M5p( )

Sz dse™ Mip(s) e
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e Requiring the pole contribution is larger than 40%,

Home Page
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(M3) [GeV™]

(M3 [GeV™)
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4.8

Mass|[GeV]

Mass|[GeV]
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gcgc system :

Currents | so(GeV?) [Mr2nin’ Miax] | mx(GeV) |PC(%)
T 25 2.4 ~ 3.0 — -
) 25 24~37 |4554+0.11 463
JPC=0""| 13 25 2.4 ~ 3.7 — -
4 25 2.4 ~ 3.7 4.55+£0.11| 45.9
15 25 2.4 ~ 3.0 — =
76 27 24~ 4.1 4724+ 0.10, 53.8
N7 25 2.4 ~ 3.8 — =
JPC =07 g 25 2.4 ~ 3.7 = -
79 25 2.4 ~ 3.7 4.55+£0.11| 45.9
Mo 27 24~42 |4.674+0.10 56.8

VS0 = 5.0 GeV and M3 = 3.5GeV?
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qbgb system :

Currents | so(GeV?) | [M> ., Miax]| mx,(GeV) PC(%)
i 11.22 6.4 ~ 9.4 _ _
9% 11.22 6.4~9.5 10.64+0.12| 452
JEC =077 1y 11.22 6.4 ~ 9.5 — -
N 11.22 6.4~95 [10.64+0.12| 45.1
M50 11.22 6.4~ 9.4 _ i
M6b 11.22 6.4~94 |10.67+0.11| 44.2
n7b 11.22 6.4 ~ 9.7 _ _
JPC =0"F|  ng 11.2?2 6.4 ~ 9.6 — -
190 11.22 6.4~9.5 |10.64+0.12| 45.1
1100 11.22 6.4~95 |10.64+0.11| 45.6

so = 11.2 GeV and M?% = 9.0GeV?
V50 B
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5 Discussion

0™~ charmonium-like state:

e Our result;: m = 4.5GeV;

e K. T. Chao, Nucl. Phys. B 169, 281(1980);

. Home Page

m - 4 ° 4G6Vs Title Page
m = 4.1GeV. LS
R

e Ebert e al. Eur. Phys. J. C 58, 399(2008);
m = 4.5GeV.
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e The possible decay modes :

e S-wave P-wave
D*(2007)"D;(2420)" + c.c., D°(1865)D*(2007)° + c.c.,
0~ | Dg(2400)"D°(1865) + c.c., D*(2007)°D*(2007)°,
w(782)Xe1(1P), J/1b fr(1285) | J/vm, J/obn', (25)n, ne(LS)w,
Ne(25)w, he(1P)o, he(1P) fo(980)
D*(2007)"D1(2420)° + c.c., D°(1865)D*(2007)" + c.c.,
17| Dg(2400)°D(1865) + c.c., D*(2007)"D*(2007)°,

p(T70)xa (1P), J/1a1(1260)

Ne(1S)p, 1(28) p, he(1P)ag(980)
J/Ym, J /P (1400), 1(25)m

e Experimental Search : Super-B factories, PANDE,
LHC, RHIC ?
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6 SUMMARY

e We construct the charmonium-like tetraquark interpolating currents

with J7¢ =0 " and 0+ using diquark and antidiquark fields.
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e The four quark condensate {Gq)* becomes the dominant power s

correction. Both condensates (¢q) and (go - (Gq) vanish.

e Within the framework of the SVZ sum rule, the extracted masses
are around 4.5 GeV for the 0~ charmonium-like state and j
4.6 GeV for the 0~ charmonium-like state while their IR

bottomonium-like analogues lie around 10.6 GeV.

Go Back
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e We also discuss the possible decay and the experimental search of
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THANK YOU!
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