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Adding (gq) is important because of the parity.

A baryon with the meson cloud can be understood
as a ‘pentaquark’.
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X(3872) facts

M(X) = 3872.3+0.8 MeV

[ =3.0+2.1-1.7 MeV
IG(J PC)=O?(??+) JPC=1 bt Dt

I=0 < No X* found

In B*—K*X, pp —X, but not in ete-
decay mode X—J/y w2, J/Yn3, J/Yr

T (X—=J/vr)/ T (X—=>J/vn2) = 0.14+0.05

r(X—=J/v n3)/Br(X—=J/¢¥ n2) =1.0+£0.4+0.3
Abe etal arXiv:hep-ex/0505037v1
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X(3872) facts

& X(3872)
M(X) = 3872.3+0.8 MeV

[ =3.0+2.1-1.7 MeV
IG(J PC)=O?(??+) JPC=1 bt Dt

I=0 < No X* found Isospin sym.
In B*—K*X, pp —X, but n{ breaking?
decay mode X—=J/y w2, J/Yy w3, J/Yr

F(X—=J/vr)/ T (X—=J/vr2) =0.14+0.05

r(X—J/¢ n3)/Br(X—J/y n2) =1.0£0.4£0.3
Abe etal arXiv:hep-ex/0505037v1
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X(3872) facts

& X(3872) (ucuc, dcdc) threshold

J/ Y w= 3879.6MeV M(X)

J/W o= 3872.4MeV DzDF 64.7MeV
s DOD*0 = 3871.8MeV o
DD™ J/Yw 7MeV
Isospin is violated. X D*D° Jp

uucc rather than 1=0,17

DD —138MeV
e.g. N. Tornqvist B590, 209 (04)
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X(3872) facts

& ‘Charged X+ (UCaE)’ threshold

D*D*0 = 3876.6MeV  M(X?)
DOD*¢ — 3875.1MeV = 38723i08 I\/IeV

J/ Y o= 3872.4MeV

J/ Y nt= 3236.5MeV
It there is no special symmetry, there should

not be a bound state. Even if so, since o -
width is large (~150MeV), it would be

difficult to make a clear peak.
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Realistic Calc. - ggccC

@ Resonating group method approach

o= D crmn T
! wcuc, dede for the neutral; ucdée for the charged
(o (P°(1)¥5(4))(¥°(2)9°(3)), (¥ (1)A7(4))(°(2)Ap"(3))
(I JAp is spin 1

Z cr¢1(meson)gps(meson)xx(relative)

(D’D** — D D%y, (D*D* — D**D")y,

(Jhp p")x, (Jhpw)x for the neutral

(ﬁOD*JF)X, (D+ﬁ*0)x, (Jap pT)x for the charged
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Realistic Calc. - ggccC

@ Resonating group method approach
U= 3t o g meson (Solved)
wf wcuc, dede for the neutiat—us oe—o11e charged
(O (P5(1)9(4)) (°(2)¥° (37 Al (2)A(3))
e JAp is spin 1 <
Z cr 1 (meson)ps (mesopT \(relative)
(EOD*O - E*ODO)Xa (1 — L X T=0
(A p°)x, (Jfbw)x fo

the charged
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Realistic Calc. - ggccC

short-range deformation
chmw ¢f¢ worb

wcuc, dede for the neutral; wedc for the charged
(e (1)Y(4)) (9°(2)1(3)), JbEIYAP(A"(2) AP (3))
JAp is spin 1

Z Cr eXp|— @(jk )TZZJ]

‘all’ the orblk

T=0
correlations
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Hamiltonian for quarks

@ H = Nonrela Kin + linear Conf

+ OGE + Ins + m,oexch + éle-ma

Kinetic term with u, d riass difference

2 O I o
L Pi DY-D+* mass diff etc.
= 5 A ¢ s reproduced.

l

2

K= ¥im p_l >+ Am; for u-, d-quarks
2m

where

2 2 =D 2
m = (my +my)/2 with Ami:{\/mi Pi \/’”” P

0 for colorg quark pairs
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Hamiltonian for quarks

H = Nonrela Kin + linear Conf
+ OGE + Ins + 7, oexch

12)53(7«2.:,-) H H

J

A i mzj 5°(1ij) X

1

4dmm

A s A\ )(3+Uz 0-])7)2] Qg /53(7‘@‘]’)
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Hamiltonian for quarks

INs (affects only light quark pairs.)

Vo 3 9 )
‘/iNS — Z 75253 (1 e /433—2>\Z)\] +§)\i'>\j0i'()—j P£j53(rij)
1<J
9

- Vo 3 3

o % ¥
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Estimate by (0s)+

Effects of the interaction on qg pairs

Rough sizes are obtained from N A,
and n'-n mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] States

0 1 -16 0 12 34 m
O -16 O -6 -327 T N8
] 16/3 O O 63 w

] 16/3 O O 63 P
0 2 0 - 3/4} 4]
0 0
:

2 =3/8 115
=28 91 A O

] 2/3 0 9/8 -34 DD* attraction
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Estimate by (0s)+

Effects of the interaction on qg pairs

Rough sizes are obtained from N A,
and n'-n mass differences.

Color Spin Flavor CMI OgE-a Ins E[MeV] States

' 0 1 =167 0 12 84 n

0 -16 O -6 -327 T N8

1 16/3 O O 63 w

1 16/3 O O 63 o
0 2 O 3/4 41
0 O
:

2 =3/8 115
=28 91 A O

] -2/3 0 -9/8 -34

(DD* attraction /
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Realistic Calc. - mesons

1000 s

—\n J
mu=311.5 MeV, md = 314.5 MeV ' KX -
0 _

mc = 12650 MeV

aconf = 172.4 MeV/fm

as = 0.58

Vo,ins = -113 MeV/fm3 (pu=0.4)
Ew=0.54

Ec=0.288

Ng =3.3 fm

gs2/4 m=0.69

m+=800 MeV

N\ o= 8.9fm-!

Az=1.5fm"

Mass [MeV]




Realistic Calc. - mesons

1000

mu=311.5MeV, md =314.5 MeV
mc = 12650 MeV

aconf = 172.4 MeV/fm

as = 0.58

Vo,ins = -113 MeV/fm3 (pu=0.4)
Ecu=0.54

Ecc=0.288

Ag=3.3fm?! e
982/477.'=O.69 : —— (Gaussiat
m+=800 MeV
N\ o= 8.9fm-!
N\r=1.5fm"]

Mass [MeV]

I Rfm] 2

Solved relsults
0




Realistic Calc. - mesons

Meson Masses

calc.
o 775.50
w 782.65
J/¥  3096.92
DO 1864.56
2006.64
1869.54
2010.05

exp.

775.50

/82.65
3096.92
1864.50
2006.70
1869.30
2010.00

calc. exp.

3871.20 3871.20
3872.42| 3872.42
3879.59| 3879.30
3879.57| 3879.57
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Coupling to cC

a(gg)—a, g(gg)—aqg transfer interaction

@z ik p,+p +io; xk ]
Visjk = Ai - A 4 m?2 (2ma 2m; ) L

consider only btw (0s)* and (1p)
Vir=[(q9)2(0s)*) Voce {9q2(1p)

Pole energy = 3950MeV 17\

Godfrey Isgur PRD32, 189 (85)
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Isospin O v.s. 1

o Case ] @ (Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

JwDD G w00 Brope
J/1 p,D*0DO o J/ p,D*9DO 70

J/Y w-like J/Y w-like

J/WY p-like
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wave function (case 2)

4 5
=¢=DOD0bar*
“=D+D*-

J/psi-rho
=+=J/psi-omega
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(ggcc+ccC) Case-1

Stronger attraction for gcqc, weaker

coupling to cc.
JWw J/Ype DD*
state BE C1T]O 2(:‘:';T] CsTO CsT1 | pole
J/Y oC-like | 21.6 0.01 | 0.26  0.03 0.67 0.00

3 e e
JWww-like 04 048  0.01 0.43 0.06 0.01

J/ Y ptlike  20.5 - 0.30 - 0.69 -
x(phase space) — Br(X—J/y n3)/Br(X—J/¢ m2)
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(ggcc+cc) Case-2

@ Weaker attraction for qcqc, stronger

coupling to cc.
JWw J/Yoe DD*

state BE CiTO CiT1 | CsTO  CsT1  pole
J/Y pO-like -
4 ]
J/Yw-like | 5.2 0.11 0.04 0.44 0.09 0.37
J/ Y p*like -
x(phase space) — Br(X—J/y n3)/Br(X—J/¢ m2)
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Isospin O v.s. 1

o Case ] @ (Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

JwDD G w00 Brope
J/1 p,D*0DO o J/ p,D*9DO 70

J/Y w-like J/Y w-like

J/WY p-like
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Isospin O v.s. 1

@ Case 1 @ Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

w0 Gape w00 Brope
J/1 p,D*0DO Ao J/ 0,D*0DO 70

J/W w-like J/W w-like
J/W o compo: 1% J/W p compo: 4%

J/Y o compo: 26%
J/W o -like
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Isospin O v.s. 1

o Case ] @ (Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

w0 Gape w00 Brope
J/1 p,D*0DO Ao J/ 0,D*0DO 70

J/W w-like J/W w-like
J/W o compo: 1% J/W p compo: 4%

J/W o compo: 26% Energy spectrum
J/W o -like — Takizawa
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Coupling between C C-bar core and
D0 D*0.bar, D* D™

DO D*

OO
N

O
N

D*
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Numerical results: Energy spectrum

e Lambda = 0.3 GeV

X)=0.327|cc)+0.863| DD";1=0) +0.384| DD";1 =1)

CC-bar state

1 1 1

X(3872) bound state
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Numerical results: Energy spectrum

e Lambda = 0.5 GeV

5 | X)=0.382|cc) +0.850|DD";1 = 0) +0.363| DD";1 = 1)

CC-bar state disappears

X(3872) bound state
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Isospin O v.s. 1

o Case ] @ (Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

w0 Gape w00 Brope
J/1 p,D*0DO Ao J/ 0,D*0DO 70

J/W w-like J/W w-like
J/W o compo: 1% J/W p compo: 4%

J/W o compo: 26% Energy spectrum
J/W o -like — Takizawa
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Isospin O v.s. 1

o Case ] @ (Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

J/Yw,D**D7 D*QD+ J/Yw,D**D- D*OD+
J/p, D*OD? J/W p,D*0DO A o

J/ w-like o J/0 w-like
J/¥ o compo: 1% J/W p compo: 4%

J/W o compo: 26% Energy spectrum
J/W o -like — Takizawa
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Isospin O v.s. 1

& (Case | @ Case 2

Small cc compo. Large cc compo.
Deeply bound I=1 No bound I=1

J/Yw,D**D7 D*QD+ J/Yw,D**D- B*OD"’

Mk MN A% M0

J/YU o, D*ODf J/p, D*Oﬁofiz

J/Y w-like f J/Y w-like
J/¥ o compo: 1% J/¥ o compo: 4%

J/W o compo: 26% Energy spectrum
J/W o -like — Takizawa
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Summary

The qcqc+cc (JPC=1++) states are
Investigated by a quark model.

ud quark mass diff and ele-mag int btw
qguarks are introduced — D*D0-D*+D-
threshold difference.

RGM-type calculation with the short
range deformation is employed.
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Summary

gcgc+cc (JPC=1++, ud mass diff & ele )
w X(3872) can be explained as a shallow

bound state just below the threshold, with
the cc component 1%~40%.

w Large amount of the cc component will
smare the cc peak, which is predicted by

the cc quark model but seems not to
exist.
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Summary

gcgc+cc (JPC=1++, ud mass diff & ele )

w I=0 is main component for this shallow
state, but I=1 component is also mixed
by 1/13~1/4.

— Br(X—J/y n3)/Br(X—J/y¢ 72)
w There may be a bound states where I=1

IS main component. They will probably not
be seen because of the broad width.
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Outlook

Baryons with large width may be
understood as (meson-baryon + baryon
quark core) systems.

@ Heavy mesons with small width may be

understood as (Z2-mesorfAimolecule +
multiquark state + QQJpar core) systems.

C-parity
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