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Λ(1405)

mass spectrum of q3 baryons

S-wave P-wave

calc
exp.100MeV

　diff　　

Λ(1405) is too heavy.
Spin-orbit is too small.
 ... meson effects?
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Λ(1405) 
Flavor-singlet P-wave q3 state ?
Observed Λ8-Λ1 splitting 
Observed large LS splitting

　　　　　　ー are difficult to reproduce...

S-wave  q4qー state ?
CMI (λ・λ)(σ・σ) can be strongly

 attractive in 2 states of T=0 JP=1/2ー 

　　　　　　ー but also in T=1 1/2ー
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Problems in Λ(1405)
From a quark model’s viewpoint

mass diff. config. origin Theo. Exp.

MΔ - MN  q3 (σ・σ) 300 MeV 300 MeV

MΛ8 - MΛ1
q3 (σ・σ) 150 MeV

200 MeV
(q4qー ) flavor sym. Larger

MN(3/2-) - MN(1/2-) q3 (LS) 0 MeV 0 MeV

MΛ(1520) 
 - MΛ(1405) 

q3 (LS) 0 MeV
115MeV

(q4qー ) (σ・σ) Larger
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From Schrödinger eq for quarks:
ーーーー(Hq ー E)φ = 0
Assuming wave function as
ーーーーΨ =φBφMχ
By integrating the internal modes out we 
get RGM eq (using real meson mass)
ーーーー( H ー E N )χ= 0
3-channel coupled QCM scattering calc.　
for mu≠ms

Baryon-meson scattering (QCM) 

χ
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No peak is found for q4qー !!

NK threshold

T=0 T=1
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Mass Spectrum

arb. unit(Rad)

Mass Spectrum
+NK!bar Scattering (L=0)

NK thresholdΣπ

Reduced mass of Σπ is small → Kinetic term is 
large → Short range attraction is suppressed.
No attraction in the NK channel.

Σπ

Λπ
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 With q3-pole …
Λ(1405) = ｜q3〉＋｜q4qー〉

Transition pot.〈q3｜V｜q4qー〉:
V= ｜Λ１   q3(0s)20p〉〈BM q4qー (0s)5｜
　　×〈　　　　 〉

pair-annihilating 
diagram

 　↓ 
use smallerαS :×½

λγμ

(Very rough 
estimate)

Λ1 1/2- Σ8 1/2-
Σπ -178.1 Λπ 47.6
NK 117.1 Σπ 61.4
Λη 57.5 NK -85.0
(in MeV) Ση -43.4
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Coupling to q3 
(0s)5+(0s)20p

The mixing is larger 
in Λ1/2-.

Width ～ 100 MeV.

Λ may be seen; 
while Σ does not 
give a peak ???

2000

1500

m
 [M

eV
]

Σ+π

Ｎ+Ｋ

Λ+η

Ｎ+Ｋ

Σ+π
Λ+π

Σ+ηΛ
Σ

ーq3
ーーq4qー
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q3-qqー scattering with q3-pole
q3-pole at Σπ + 130MeV (～1460 MeV) 
gives a resonance at 1400MeV! 

single cha.
 pole

Σπ+ NK + pole Σπ+ poleΣπ+ NK

+ pole → 
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wave functions at resonance
Contribution of 
the q3-pole is 
large.

Can this be observed...?

NK!bar

r
(r

)

r [fm]

|ψ|2

NK   5.3

q3-pole 25.6



Jan 9, 2007 @RCNP

 Σ* (flavor octet)

single cha.
 pole

+ pole → 

NK threshold
Σπ threshold
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No peak is found around 1400MeV.
mixing between q4qー

 
and q3 is small.

The mass of the q3-pole is heavy.

Λπ
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Summary of parity -1 baryons
Λ(1405) and Σ* are investigated 
as a (q3-qqー )+q3 pole system.
Only Λ(1/2-) has a resonance around 
1400MeV. 
The peak inΣ(1/2-) is found at the higher 
energy.
Λ(3/2-) is not calculated dynamically. But 
Σ*π has smaller attraction than Λ(1/2-). 

But what is a multiquark component rather 
than the baryon-meson?
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X(3872)
X(3872) found in B±→K±X 
M(X) = 3871.7±0.6 MeV
Γ < 2.3 MeV

Threshold
J/ψω= 3879.5MeV
D±D*∓ = 3879.1MeV
J/ψρ= 3872.7MeV
D0D*0 = 3871.3MeV

D±D∓

ー

ー

DsDs　64.7MeV

D D * J/ψω 8MeVD±D∓

X  D*0D0  J/ψρ

DD 　ー138MeV

≃

≃

keynote:/Users/sachiko/phys/fb18/s_takeuchi_fb18.key?id=BGSlide-3
keynote:/Users/sachiko/phys/fb18/s_takeuchi_fb18.key?id=BGSlide-3
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X(3872): ccー or not ccー ?
X(3872) peak was found in π+π- J/ψ 
channel    (Belle PRL91(2003)262001)
narrow width < 2.3 MeV. (Not decay to DD)
Not ccー ?    ππ mass spectrum suggests 
that the peak is not a simple ccー state.

ccーg ? (Seth 05; Li 05)
D0D*0 meson?   (Swanson 04; Tornqvist 04)
qqーccー ? (Maiani 05)

(See, e.g. G.Bauer Int J Mod Phys A)
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Hamiltonian for quarks
H = Nonrela Kin + linear Conf 
　+ OGE + Ins + π,σexch
OGE

3

does not produce correct mass ordering of pseu-

doscalar and vector mesons. On the other hand,

the INS potential is necessary to reproduce the

observed η-η′ mass difference [27]. However, em-

pirical strength obtained by fitting the η-η′ mass

difference seems to give less than half of the ob-

served mass difference in the baryon sector, e. g.,

the nucleon-∆-resonance mass difference [35, 39].

We assume that the rest of this mass difference

is given by OGE. Then the meson mass spectrum

can also be reproduced well. Here we look into the

qqcc systems; to describe the features of the light

mesons is essential. Thus, we employ both of OGE

and INS , VOGE and VINS, but not the π-exchange,

as the interaction for quarks and antiquarks to in-

vestigate the qqcc systems.

The hamiltonian employed in this work is:

H = K + VConf + VOGE + VINS + vconst.(+Vσ) .

(1)

It consists of the kinetic term, K, the confinement

term, VConf , and the above two interactions. The

strength of VOGE and VINS are determined em-

pirically so that the potential gives the observed

baryon and meson mass spectra. The zero-point

energy, vconst. =
∑

i v0(qi), is introduced to fit the

average meson mass. The value of the zero-point

energy itself, however, is not uniquely determined

in this kind of empirical models. Our main concern

here is the level splitting of the states, which does

not depend much on v0. The σ-exchange potential,

Vσ, is included to introduce the long-range attrac-

tion. This potential stands for the attraction which

comes from the scalar-type quesi-particle. The de-

tail will be discussed later in the full calculation.

The confinement potential is assumed to be vec-

tor type: the potential for quarks and for anti-

quarks is the same. It is written with the strength

aConf , and relative distance of the i-th and j-th

quarks or antiquarks, rij , as:

VConf =
∑

i<j

aConf λi ·λj rij (2)

where λi·λj stands for
∑8

a=1 λa
i λa

j for the quark or

antiquark pairs and for
∑

λa
i (−λ∗a

j ) for those be-

tween quark and antiquark. The Gell-Mann ma-

trix, λ, is the SU(3) generator for the color space.

The OGE potential consists of Coulomb, electric

and magnetic (CMI) terms [31]:

VOGE = VCoul + Vele + VCMI + V (a)
OGE (3)

VCoul =
∑

i<j

αs
λi ·λj

4
1
rij

(4)

Vele =
∑

i<j

−παs
λi ·λj

4
1
2

( 1
m2

i

+
1

m2
j

)
δ3(rij)

(5)

VCMI =
∑

i<j

−παs
λi ·λj

4
σi ·σj

2ξiξj

3m2
u

δ3(rij)

(6)

Here, αs is the effective strength of the OGE po-

tential, mi is the mass of the i-th (anti)quark. ξ

is the mass ratio, ξi = mu/mi. ξc is treated later

as a free parameter to fit the D-D∗ meson mass

difference.

Though we only consider the q2q2 systems and
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4

do not consider the coupling to the qq systems, we

take into account the interaction between quark

and antiquark from the annihilating diagrams [40].

From the OGE interaction we have

V (a)
OGE =

∑

i<j

1
24

(16
3

+ λi ·λj

)(
3 + σi ·σj

)
Pij

×παs
1

4mm′ δ
3(rij) (7)

where P stands for the projection operator which

does not vanish only if the flavor of quark and an-

tiquark in the initial (and the final) state is the

same. m and m′ stands for the mass of initial

and final quark. This term is repulsive and affects

only color-octet spin-one qq pairs. Since to apply a

empirical value from the non-annihilating diagram

may not valid here, we perform calculation also for

the case without this term.

The INS potential has constant, λλ, and λλσσ

terms. Since it originally comes from the zero-

energy-mode of mass-zero quarks which appears

due to the instanton configuration of the gluon field

[41–43], we assume that the INS potential only af-

fects light quarks: u, d and s,

VINS =
∑

i<j

V0

2
ξiξj

(
1 + κ

3
32

λi ·λj

+
9
32

λi ·λjσi ·σj

)
P ′

ijδ
3(rij) (8)

Here, V0 is the effective strength of the INS po-

tential, which is negative. κ = 1 for the quark

pairs or the antiquark pairs while κ = −1 when it

interacts between a quark and an antiquark. P ′

stands for the projection operator that two inter-

acting quarks must have different flavor from each

other.

The annihilating diagram from the INS interac-

tion is [44]

V (a)
INS =

∑

i<j

−V0

2
ξiξjPP ′′

(
1− 3

32
λi ·λj

+
9
32

λi ·λjσi ·σj

)
δ3(rij) (9)

where P ′′ stands also for the projection operator,

which does not vanish only if the flavors of initial

and final flavors are different: uu→ dd, ss, and so

on. This annihilating diagram gives the η-η′ mass

difference, for which the interaction was introduced

originally. Actually, adding to that for the non

annihilating diagram, the INS potential for the qq

pair at the flavor SU(3) limit becomes:

VINS =
∑

i<j

P
V0

2

(
1− 3

32
λi ·λj

+
9
32

λi ·λjσi ·σj

)
δ3(rij) (10)

where P = 1 for the flavor octet pairs while

P = −2 for the flavor singlet pairs. Since V0 is

negative, this interaction makes mass of the flavor-

octet meson lower and enhances the flavor singlet

meson mass.

The kinetic term, we take non-relativistic form

with the total momentum is fixed to zero:

K =
∑

i

mi +
p2

i

2mi
(PG = 0) (11)
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Hamiltonian for quarks

Ins (affects only light quark pairs.)

4

do not consider the coupling to the qq systems, we
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Estimate by (0s)4

Effects of the interaction on qqー pairs
Rough sizes are obtained from NΔ,
and η'-η mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] State
1 0 1 -16 0 12 84 η
1 0 8 -16 0 -6 -327 π
1 1 1 16/3 0 0 63 ω
1 1 8 16/3 0 0 63 ρ
8 0 1 2 0 3/4 41
8 0 8 2 0 -3/8 15
8 1 1 -2/3 9/2 9/4 97

8 1 8 -2/3 0 -9/8 -34 In JPC = 0＋＋,　
1＋ー,1＋＋, 2＋＋
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Realistic Calc. - mesons 
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ms = 593 MeV
mc = 1250 MeV

aconf = 172.4 MeV/fm
αs = 0.73
V0,ins = -143 MeV/fm3

   (pIII = 0.4)  
ξcu=0.586
ξcc=0.198
Λg = 3.3 fm-1

g82/4π=0.69
mσ=675 MeV
Λσ= 5.3fm-1

Λπ= 1.1fm-1

1000

500

0

M
as

s [
M

eV
]

3000

2000

1000

ηC

η

Ｋ＊

K

πE
xp
.

Ex
p.ρ

ω

φ

D＊

η'

ω

J/ψ

D
Ds

Ds*

Ca
lc
.

Ca
lc
.



Jan 9, 2007 @RCNP

Realistic Calc. - mesons 
mu = 313 MeV
ms = 593 MeV
mc = 1250 MeV

aconf = 172.4 MeV/fm
αs = 0.73
V0,ins = -143 MeV/fm3

   (pIII = 0.4)  
ξcu=0.586
ξcc=0.198
Λg = 3.3 fm-1

g82/4π=0.69
mσ=675 MeV
Λσ= 5.3fm-1

Λπ= 1.1fm-1

1000

500

0

M
as

s [
M

eV
]

3000

2000

1000

ηC

η

Ｋ＊

K

πE
xp
.

Ex
p.ρ

ω

φ

D＊

η'

ω

J/ψ

D
Ds

Ds*

Ca
lc
.

Ca
lc
.

Solved results

0.8

0.6

0.4

0.2

0.0
210 R [fm]

 wf of !
 Gaussian



Jan 9, 2007 @RCNP

Realistic Calc. - qqーccー
Stochastic variational approach

 ψσ = |(11)1〉(J/ψ & ρ)

6

torized out, then the matrix elements of VCMI,

V (a)
OGE and VINS at the flavor SU(3) limit becomes

〈VCMI〉 = −〈λi ·λjσi ·σj〉σfcu0 (18)

〈V (a)
OGE〉 =

〈 1
24

(16
3

+ λi ·λj

)

(
3 + σi ·σj

)
P

〉

σfc

3
2
u0 (19)

〈VINS〉 = −P
〈(

1− 3
32

λi ·λj

+
9
32

λi ·λjσi ·σj

)〉

σfc
w0 , (20)

where

u0 = παs
1

6m2
u

〈δ3(r)〉orb (21)

w0 = −V0

2
〈δ3(r)〉orb . (22)

B. Full model

In the full model, the color and spin parts of the

wave function are the same as those shown in Sub-

section II A 2. The orbital part, however, is taken

to include all the configurations of the total orbital

angular momentum L = 0 state. It is written as:

ψorb =
∑

k

ckψorb
k , (23)

where ck is a constant. The base wave function,

ψorb
k , is written as

ψorb
k = exp[−

∑

i<j

β(k)
ij r2

ij ] (24)

A bound state(s), if any, can be obtained by the

stochastic variational approach[45]. The values of

the constant parameters in the base function, β(k)
ij ,

are taken in the process of this approach. About

15 base wave functions are necessary to obtain the

binding energy within 0.1 MeV error.

Because the interactions have the contact term,

to introduce the cut-off is necessary to avoid the

collapse, which is an artifact of the valence quark

models. Each delta function in the VOGE and VINS

is replaced by

δ(r) →
Λ2

g

4π

e−Λgr

r
(25)

and in the Coulomb potential

1
r
→ 1

r
− e−Λgr

r
. (26)

The flavor part of the wave function with the

isospin I, ψf
I ,is taken as

ψf
1 = u(1)c(2)d(3)c(4) (27)

ψf
1/2 = u(1)c(2)s(3)c(4) (28)

ψf
0

(1) =
1√
2

{
u(1)u(3) + d(1)d(3)

}
c(2)c(4) (29)

ψf
0

(2) = s(1)c(2)s(3)c(4) (30)

The I = 0 case is solved by the coupled channel

method of the above two components.

The parameters in the interactions are listed in

Table I. Here we use three parameter sets, all of

which reproduce the meson mass spectrum well.

Set A also gives the observed baryon mass spec-

trum successfully [44]. Here the original parameter

set is modified slightly by introducing the flavor-

dependent constant terms, v0(qf ), and the effec-

tive mass ratio ξc in VCMI to fit the meson mass

spectrum more accurately up to the heavy quark

sector. We use the observed values of the ρ, K∗,

D, and D∗ mass to fix the above four parameters

introduced here. The fitted ξc is much larger than
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Realistic Calc. - qqーccー
Binding Energy

IJPC weaker 
meson-exch

stronger 
meson-exch

11++ (J/ψρ) 5 MeV 26 MeV

01++ (J/ψω) Not Bound 5 MeV
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Components and size 

4

Table 2
Properties of the qqcc, isospin I, JPC = 1++ bound state. Relative distances are in fm,
and the contribution of each interaction and the binding energy, BE, are in MeV.

IJPC BE N rms RM1 RM2 RM12 〈VCMI〉 〈V (a)
OgE〉 〈VIns+V (a)

Ins 〉
(J/ψρ)11 0.52 2.17 0.97 0.64 2.01 33 0 0

A 11++ 4.7
(J/ψρ)88 0.48 1.42 1.43 1.24 0.48 −33 0 −5
(DD∗)11 0.65 1.48 0.91 1.16 −41 0 −7
(DD∗)88 0.35 2.39 2.33 0.52 21 0 −1
(J/ψω)11 0.71 1.73 0.90 0.57 1.55 46 0 0

B 01++ 4.6
(J/ψω)88 0.27 1.39 1.42 1.19 0.48 −19 8 2
(DD∗)11 0.46 1.40 0.93 1.05 −27 18 4
(DD∗)88 0.52 1.83 1.76 0.50 31 5 1

the (DD∗)dd components in Table 2. Again, (DD∗)11 can be considered as a molecule,
though the two mesons are much closer here than in (J/ψρ)11. Thus, this bound state can
be considered as two molecular states, J/ψ-ρ and D-D∗, coupled to each other, with more
compact configuration for DD∗.

The value of this binding energy cannot be determined definitely within this model.
The set B, which gives the meson mass spectrum equally well, gives a deeper bound state
in the IJPC = 11++ channel, BE=23MeV. Moreover, another bound state appears in the
01++ channel, which can also be considered as a J/ψ-ω and D-D∗ meson molecule. The
mass of the 01++ state is heavier than that of the 11++ state, because it gains repulsion
from the annihilating diagrams, V (a)

OgE and V (a)
Ins . Due to these repulsions, the isospin

remains a good quantum number in this system.

4. SUMMARY

The qqcc systems are investigated by a quark model with the quark correlation. We
have found a bound state in the isospin 1, JPC = 1++ channel. The present model can
also reproduce the nucleon-∆ mass difference as well as the meson masses except for the
Goldstone bosons. Though the existence of the bound state or its binding energy cannot
be determined definitely in the present model yet, we argue that X(3872) most likely
corresponds to this bound state.

This work was supported in part by a Grant-in-Aid for Scientific Research from JSPS:
Nos. 15540289 and 18042007.
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Molecule AND diquarks ?

J/ψ-ρ (1＋＋)
BE=5.1MeV

c.f.
meson size
ρ 0.89
D 0.65
D*  0.73
J/ψ 0.51
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compact configuration for DD∗.

The value of this binding energy cannot be determined definitely within this model.
The set B, which gives the meson mass spectrum equally well, gives a deeper bound state
in the IJPC = 11++ channel, BE=23MeV. Moreover, another bound state appears in the
01++ channel, which can also be considered as a J/ψ-ω and D-D∗ meson molecule. The
mass of the 01++ state is heavier than that of the 11++ state, because it gains repulsion
from the annihilating diagrams, V (a)

OgE and V (a)
Ins . Due to these repulsions, the isospin

remains a good quantum number in this system.

4. SUMMARY

The qqcc systems are investigated by a quark model with the quark correlation. We
have found a bound state in the isospin 1, JPC = 1++ channel. The present model can
also reproduce the nucleon-∆ mass difference as well as the meson masses except for the
Goldstone bosons. Though the existence of the bound state or its binding energy cannot
be determined definitely in the present model yet, we argue that X(3872) most likely
corresponds to this bound state.
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Table 2
Properties of the qqcc, isospin I, JPC = 1++ bound state. Relative distances are in fm,
and the contribution of each interaction and the binding energy, BE, are in MeV.

IJPC BE N rms RM1 RM2 RM12 〈VCMI〉 〈V (a)
OgE〉 〈VIns+V (a)

Ins 〉
(J/ψρ)11 0.52 2.17 0.97 0.64 2.01 33 0 0

A 11++ 4.7
(J/ψρ)88 0.48 1.42 1.43 1.24 0.48 −33 0 −5
(DD∗)11 0.65 1.48 0.91 1.16 −41 0 −7
(DD∗)88 0.35 2.39 2.33 0.52 21 0 −1
(J/ψω)11 0.71 1.73 0.90 0.57 1.55 46 0 0

B 01++ 4.6
(J/ψω)88 0.27 1.39 1.42 1.19 0.48 −19 8 2
(DD∗)11 0.46 1.40 0.93 1.05 −27 18 4
(DD∗)88 0.52 1.83 1.76 0.50 31 5 1

the (DD∗)dd components in Table 2. Again, (DD∗)11 can be considered as a molecule,
though the two mesons are much closer here than in (J/ψρ)11. Thus, this bound state can
be considered as two molecular states, J/ψ-ρ and D-D∗, coupled to each other, with more
compact configuration for DD∗.

The value of this binding energy cannot be determined definitely within this model.
The set B, which gives the meson mass spectrum equally well, gives a deeper bound state
in the IJPC = 11++ channel, BE=23MeV. Moreover, another bound state appears in the
01++ channel, which can also be considered as a J/ψ-ω and D-D∗ meson molecule. The
mass of the 01++ state is heavier than that of the 11++ state, because it gains repulsion
from the annihilating diagrams, V (a)

OgE and V (a)
Ins . Due to these repulsions, the isospin

remains a good quantum number in this system.

4. SUMMARY

The qqcc systems are investigated by a quark model with the quark correlation. We
have found a bound state in the isospin 1, JPC = 1++ channel. The present model can
also reproduce the nucleon-∆ mass difference as well as the meson masses except for the
Goldstone bosons. Though the existence of the bound state or its binding energy cannot
be determined definitely in the present model yet, we argue that X(3872) most likely
corresponds to this bound state.
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Table 2
Properties of the qqcc, isospin I, JPC = 1++ bound state. Relative distances are in fm,
and the contribution of each interaction and the binding energy, BE, are in MeV.

IJPC BE N rms RM1 RM2 RM12 〈VCMI〉 〈V (a)
OgE〉 〈VIns+V (a)

Ins 〉
(J/ψρ)11 0.52 2.17 0.97 0.64 2.01 33 0 0

A 11++ 4.7
(J/ψρ)88 0.48 1.42 1.43 1.24 0.48 −33 0 −5
(DD∗)11 0.65 1.48 0.91 1.16 −41 0 −7
(DD∗)88 0.35 2.39 2.33 0.52 21 0 −1
(J/ψω)11 0.71 1.73 0.90 0.57 1.55 46 0 0

B 01++ 4.6
(J/ψω)88 0.27 1.39 1.42 1.19 0.48 −19 8 2
(DD∗)11 0.46 1.40 0.93 1.05 −27 18 4
(DD∗)88 0.52 1.83 1.76 0.50 31 5 1

the (DD∗)dd components in Table 2. Again, (DD∗)11 can be considered as a molecule,
though the two mesons are much closer here than in (J/ψρ)11. Thus, this bound state can
be considered as two molecular states, J/ψ-ρ and D-D∗, coupled to each other, with more
compact configuration for DD∗.

The value of this binding energy cannot be determined definitely within this model.
The set B, which gives the meson mass spectrum equally well, gives a deeper bound state
in the IJPC = 11++ channel, BE=23MeV. Moreover, another bound state appears in the
01++ channel, which can also be considered as a J/ψ-ω and D-D∗ meson molecule. The
mass of the 01++ state is heavier than that of the 11++ state, because it gains repulsion
from the annihilating diagrams, V (a)

OgE and V (a)
Ins . Due to these repulsions, the isospin

remains a good quantum number in this system.

4. SUMMARY

The qqcc systems are investigated by a quark model with the quark correlation. We
have found a bound state in the isospin 1, JPC = 1++ channel. The present model can
also reproduce the nucleon-∆ mass difference as well as the meson masses except for the
Goldstone bosons. Though the existence of the bound state or its binding energy cannot
be determined definitely in the present model yet, we argue that X(3872) most likely
corresponds to this bound state.
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Effects of multiquark components
When only correlations between uuー & ccー 
or ucー & cuー are included, what happens?

No correlations among more than 3quarks 
→ two-meson-like configuration
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Effects of multiquark components
Binding Energy

IJPC weaker 
meson-exch

stronger 
meson-exch

11++ (J/ψρ) 5 MeV 26 MeV

○ー○ config Not Bound 9 MeV

17 MeV difference: effects from
correlations among more than 3quarks 

J/ψρ DD*

0.33 0.85

0.26 0.89
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Summary
Λ(1405) is investigated        
as a (q3-qqー )+q3 pole system.
Only Λ(1/2-) has a resonance around 
1400MeV.

X(3872) is investigated by assuming     
qqーccー system.
T=1 JPC=1++ seems to become a two-
meson molecule (J/ψ-ρ and DD*) with a 
sizable diquark component.
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Outlook
‘Multiquark component’ may be defined 
as multiquark correlation in the hadrons.
It is necessary to introduce ‘Multiquark 
component’ ?
not yet investigated in the negative-parity 
baryon resonances.
Sizable effect is found in the bound state 
X(3872).

LEPS2 → Baryons, light scalar mesons, 
 reactions,...


