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harmonium-like states--the experimental
= realities

Charmed Baryonium. Hybrid and Glueball
® Summary
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1e discovery C p in 1974, the
tential model was proposed, which can
crlbe charmonium very well, like the

ornell potential

® The success of potential model makes people
believe its legitimacy in describing meson mass
spectrum, especially in heavy sector
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Charmonium spectroscopy: experimental
measurements vs theoretical predictions.
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any resonant states predicted by
otential model were confirmed by
periments in the past decades

E\ vertheless the QCD does not rule out

_he existence of so-called “exotic” states,
'—': that is hadronic states other than regular
meson and baryon, like glueball, hybrid,
multiquark state, etc.
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= and Charm-factories provide large
aset for studying the charm and beauty
idrons, which enables even the study of
states feasible

K
__r

Exotlc states study may shed light on the
nature of non-perturbative interaction and
enrich our knowledge of hadron physics
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Zles: we bump into the exotic state era

liscovery of X(3872) In 2003 exhibit unusual
P yerties which can't be explained as conventional
Armonium state

5

e B

diqua;i-"diantiquark

qq-gluon“hybrid”

D° — D™ “molecule”
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3, were observed by different experiment groups

Table IT: Measured parameters of the Y states

State | M,MeV/c* | Tior, MeV | JP€ [Decay Modes | Producticn | Collaboration
Y (4008) [4008 + 407114 1226 + 44 £ 87|17~ | wFa—J/¢ |eTe(ISR)| Belle 07 [12]
V(4260)| 4259 Lst; | 88t23t| |1~ | rtr—J/Y |ete(ISR)| BaBar 05 [9]
Y(4260)| 42524673 | 1054+18%; (17| rta—J/¢ |ete (ISR)|EaBar 08 [4
Y (4260) | 4247+ 12177 1084194101~ | rta—J/¢ |ete (ISR)| Belle 07 [10]
Y(4325)| 434424 | 172433 |17~ | xta~y(2S) |ete~ (ISR) |EaBar 06 [11]
Y (4325)| 43614040 |74£15+ 10 |17~ | wta~4(2S) |ete (ISR) | Belle 07 [12]
Y (4660) 4664 £ 11+ 54| 48+ 1643 |17~ | ntn~¢(25) |eTe (ISR) | Belle 07 [12]
X(630)| 46417t | oot [1--| ATA [efe(ISK)| Belle 08 [13]
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Y (4260)
Y (4008)
Y (4320)
Y (4664)
X(3773))
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7t (4430)
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Zt(4248)
Y (1110)
Y (4274

Z(3930)
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Y (4350)
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S OUc - - ,‘maSS, and
2ay patterns make them unlike the
onventional charmonium states

ta ISR method, many 1-- states were

—

_. -‘.
— —

— -rllcrn\/prprl by this method the final state has
the same quantum number with photon
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$260), Y(4360), YE4660), their mass are much
er than or : ashold, while decay
terns are not as same as usual states

Z(4 Z(4433) has electric charge, which is obviously
_ xotic states with hidden charm

=l =
—

_.
——
.-—-

- ® How to understand these unusual structures
becomes a hot topic currently
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Baw

aryonlum scheme A.-Z, can be taken as
@sis vector, one can make up four baryon-

—. tlbaryon configuration

= Zmin
et

....—.-
—— _'-I.\_ —
i o -
— .-—... -
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Due to the spin structure of Fermions, many
fine structures exist naturally, then it may
explain why there exist so many 1-- states
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& 60) Is treated as loosely bound
ite of Lamda ¢ and anti Lamda_c

_'l— -

T |tate the isospin for proton and
utron Introducing C-spin

(| AFAe > +] 052 >)

QCF, PLB2006, JPG2008

CS2011, NTHU, TAIWAIN CONG-FENG QIAO




Hex

s AVAY, AVOT 'alr Ol _t_a.inSbOth
avy and light quark, so it has
_'vy guark symmetry and chiral
nmetry
._“-ﬂn order to deal with baryon anti-
pbaryon bound state, we employ the
Heavy flavor chiral perturbation

theory
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Heavy flavor chiral perturbéti\/é theory
Ing both hes and light

roperties of quarks in the hadrons,
hich extend chiral perturbation

theory to heavy sector

= "" __In terms of Heavy flavor chiral
== ~ perturbation theory, we make use of
the method of treating NN potential to

extract potential
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=

igrangian

n dealing with the light meson system

8 Pidn VI VI
Z MNo(z)=| V2 -4 %n V2K°
a=1 V2K~ V2K —725-?3

‘FI]‘I3 i Taurrt
Lo = —LTr (9,U0°U)
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agrangian containing heavy quarks

Ly =3e[ BS(iD ~ M5)B; )+ e[ B(iD - M B,
+te(B§[~g,,(iD-M} J*ily,D,+y,D, )=y (iB+ME )y, B |
8 [f{jﬁh{."i A¥Bg ]+gltr{§ﬁyp?$‘4gﬂﬁ J+H.c.
t83tr(B§,A"Be)+H.c. +gytr(B ¢ A Bs)+H.c. +g,tr(B £,y 4B}, ) +g,tr(B ¥,754"Bs)
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pand the above Lagrangian we obtain what

ralevvAan N O NYYODIAM "

o= _ﬂ42 8ﬂ *fHc

;_-:-'-; J2 1
_:—;EVV € may get the two body scattering amplitude,
~and then doing the non-relativistic expansion

and spinor reduction
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Co ute the scattering amplitude, defined in terms of
he S matrix element

-

'érform the non-relativistic limit and including

4) Solving Schrodinger Equation
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.E‘-
ibution to potential

D I1SOSP onservation in strong
araction, the potential is generated at
op level

: pr|nC|pIe all terms at the fourth order

.-—-

~ should be included

® The basic diagrams are:
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Figure 1: Schematic Diagrams which contribute to the barvoninm potential.
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WM potential beheaves like

Wir) (e

dollesd. g =085, A=0 55V
dashed: g," 1.0, A0 GGeY
gobd- g,=2.0,A50 B GV

Figure 2: The A.-A, central potential behavior versus different parameter choices.
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1 the obtalned potential, by solving Schrodinger equation
cadily get ™M baryonium eigenvalue of

]
i

Figure 3: Radial wave function of A-A. ground state under the condition of g, = 0.63
and A = 0.75. The XX, system wave function having a similar shape under certain
choice of parameters is hence not shown here.
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Jinding energies for and systems go like

Table 2: Binding energies with the change of parameters. The left one is for the A.-A. system,

and the right one for 2.-X. system.

P

2 4 A{GeV) Binding Energy ] g5 A{GeV] Binding Energy
<06 <1.06 <07 Nape <08 <07 <06 Nope
-0.61 1.06 0.7 -0.6MeV 0.85 -0.74 0.6 Nope
-0.61  1.06 0.75 -HEMeV 0.85 -0.74 0.7 -14MeV
61 1.06 0.5 “259MeV 0.85 -0.74 0.8 -A07MeV
-0.60  1.04 0.75 -30MeV 0.8 -0.7 0.75 -24MeV
-0.63  1.09 (.75 -113MeV 0.85 -0.74 0.75 -1210MeV
-0.65  1.23 0.75 -206MeV 0.9  -0.7 0.75 -31TMeV
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he framework of QCD Sum Rules,
- two-pC orrelation function reads

- .

IL]'.,I—l'.,lq |1,|"' ..q Eb{_‘r;_[ "'.-_..'IIJ_ |,1|

i
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T

‘he typical diagrams concerned about are
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By the operator product expansion (OPE) technique, the correlation function [Ty (g°)

can be written as

Oy (g?) = P (g?) + TIE™™ (¢7) | (4)

First, we calculate the imaginary part, the absorptive part, of the Feynman diagrams
~ which represents the perturbative contribution to the correlator as, and result reads
QMg

Ordy/ 1 —1t 2
+162%1T — #(t* — 1217 + 48t — 128) 10

— 1565 + 1851 — T781% — 40612 + 12061 — 102

F+1
Yl

oo (t)

where, t = 4mg /s, and mg is the mass of the heavy quark, and pP=*(t) = ImTI(t).
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The contributions coming from the diagrams of Figure 1 involving condensates are

listed as follows:

1 2
B () = f ar$E ) (1801 — 2jeg® — 11m2] + n(A)R(1 — 2)ag® —3m3]} . (6a)

48T
1 3 3 J—

cond, Oy 2y { G } 3 QImQ - 1
[15 (q°) = jl; dr 192*2 [BrIn(A) + A + 17x] , (6h)
3 23—4“ : (1422 — 272 + 13)¢2]x

== 384 A
e ’-.r—l B¢ (x — 12+ (2 — 3z)m3]2? ‘B — %y -
= L ) [Brg*( Jg ( Jmg)] L 206 3241;.:,} | (6c)

Here, A = —(1 — 2)z¢* + mg:_, and B, C, D correspond to the B, C and D diagrams,

respectively.
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L After taking the standard QCD Sum
~Rule procedures, we obtain:
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In the engc
charmg

- L -
mpg, = 4521035 GeV .

confront to the experimental data now
or later
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1UC

1 re - = nd 111 observe

dronic structures around proton-

-'on threshold, like X(1835), X(1859),
(2120) and X(2370)

OSSIb|y, the X(1859) is a proton-proton
- bound state, or a glueball, or a mixture
of exotic state with other regular states
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.

/e calculate the mass of O™-+ tﬁple-
uon state in the framework of Sum

e mass lying between 1.9 to 2.7 GeV,
-~ wi |ch IS In the energy region of BES
=— n le found structures

[— _-n-—"_n-,_c— —

.-—.,. -
—
3 e =

= oOur calculation favors the baryonium-
glueball mixing picture for BES
observation

._'-'-
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1 the framework of QCD Sum Rules,
O-point correlation function reads
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\fter taking the standard QCD Sum Rule
yrocedures, we obtain the mass of triple
Ion glueball Is about 2 GeV

\

1
o4

r [1/GevZ]
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calculation in heavy baryon chiral theory favors
. C ISLENCE O heavy Daryonium

'he potential sensitivity on coupling constants and
'energy cutoff in our calculation looks unnatural and
= asks for further investigations

— e — e
—y -
T — —
— e =

= —® One should also investigate the potential while two

m—

= Dbaryon-like triquark clusters carrry colors

® The tough and confusing annihilation channel effect
on the heavy baryonium potential should be clarified
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.

\/e recalculate the 14-- charmonium hybr"i'c'i_ in the
ramework of QCD Sum Rules

e trigluon condensate contribution is taken into
count, and we find it is necessary to attain a stable
1ybrid mass

__::13 correct interpolate current is employed in our
= calculation

—_—
e T p—
— ———

= iy
-l"_. e ——
— T ——
- - ii—
p—_

= .The predicted hybrid mass lying in 4.52GeV, hence
: neither of the Y(4260), Y(4360) and Y(4660) states
could be a pure hybrid sate
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"N-'-‘a_
Ne Calculated the triple gluon glueball =
nass, and found it lies in the region of
ES recently observed structures

The relation between glueball, hybrid

o .nd baryonium with the exotic
=~ structures observed in experiment

el
—
'-_

- deserves more investigations
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™Thank foryour attention!
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