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Bt > K+t+J/Y+ mtm(m)

» Bt — X(3872) + K+
— J/Y + vector meson —n’s
- D + D
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X(3872) facts

M =3871.68+0.17 MeV , JPC=1++[PDG]

X(3872) (ucuparchar, dcdparchar) thresholds

> D*D**  3879.79 MeV

- Jww 387957 Mev | IS amost on

>Jwp  3872.41 MeV the threshold!
> DOD*0bar 3871.73 MeV
< 1.2 MeV X has a very small width!

production rate from ppPrar collision:

>X(3872) / J/w ~ 0.05

X production rate is about 1/20 of

that of J/¥ ... ccPar component?
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|Isospin sym breaking
»cchar (|1=0) —» X = J/Yw — J/Ynr3 (I=0)
< = JYo— Jne (I=1) ]
» Qualitatively speaking,

Experimentally,
Comparable

> Origin of Isospin sym breaking : thresholds

DOD*0bar <85 MeV— D*D**
X(3872)

> V=00 ~ V=1) if from OGE, or oexch. mexch is small

>1=1 enhancement : o width >> w width
l. V. Danilkin and Y. A. Simonov, 2010-I 49.1 MeV 8.5 MeV

S. Coito, G. Rupp, and E. van Beveren 2011
R. D. Matheus, et al 2009
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Isospin sym breaking

» ccbar (1=0)|Br(X — L o V)
Br(X — nmtn—Jh))

= 1.0+04+03 (Belle)
>

0.8+0.3 (BABAR).

» Qualitatively speaking,
> Origin of Isospin sym breaking : thresholds

DOD*0bar <85 MeV— D*D**
X(3872)

> V=00 ~ V=1) if from OGE, or oexch. mexch is small

>1=1 enhancement : o width >> w width
l. V. Danilkin and Y. A. Simonov, 2010.I 49.1 MeV 8.5 MeV

S. Coito, G. Rupp, and E. van Beveren 2011
R. D. Matheus, et al 2009
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What we’d like to discuss today

There is a mechanism to have such narrow
peaks of J/Y o,w that appears on the threshold.

> peak by J/¢Ynm is little lighter than peak by DDPbar*
>J/¥-nm width is very small (1.4+0.7, 1.1+£1.5+0.2
MeV) v.s. DDbar* width is larger (3.5+1.6-1.0 MeV)

> This occurs as far as large strength of DD exists
just above threshold.

A large Isospin breaking can be realized.

> a small breaking is enhanced by the large width of
© Mmeson
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Our picture of X(3872)

» Two-meson molecule with a ccbar core:
> ccbar - DOD*0bar - D+D-* - J/ww - J/wlo

> w and o have width.

> JYw and J/Y o couple to cchar only via DD*Par channels

(OZ1).
DOD*0bar  D+D-* J/ww DOD*Obar

M. Takizawa and S. Takeuchi, Prog. Theor. Exp. Phys.
2013, 0903D01
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Hamiltonian

PH=Ho+V

HP 0 P) _ k;
HO — ( 0 ) HO — Z Mi+7ni+2—m

0 EX ;

Vep Vpg
Vop O
P : DOD*0par - D+D* - J/Yw - J/Y o, Q : ccher

Vpp : potential between the two mesons
> RGM for a quark model — Vpp = N-1/2 H N-1/2 - Hg

v

Vea : coupling between the two mesons and ccbar
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Potentials

» |sospin invariant

in this calculation, we take A = 500MeV

> separable Lorentzian for
D and DPrar* interaction

—A
A2

A? A?
q2_|_A2) <p2_|_A2>

J

2
> Lorentzian for DD-ccbar g ( _ A 2)
coupling VA ¢ +A
DODO* | D+D* | J/Y o | J/Yw | cchar p N

DODO* | -A 0 u u g V(DD-DD) is the
D+D-* -A - u u 9 same for |=0 and 1

\_
J/Y o 0 0 0 -
J/Yw .0 0 3 V(J/¥V-cc) =0 « OZI

)

A

[ VUJ/YV-J/yYV) =0 < no int btw light quarks]
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Potentials

» |sospin invariant

in this calculation, we take A = 500MeV

> separable Lorentzian for
D and DPrar* interaction

—A\ A? A?
A2 q2 —|—A2 p2 _|_A2

> Lorentzian for DD-ccbar g ( A® )
coupling VA \ ¢+ A2
DODO* | D+D* | J/Y o | J/Yw | cchar P -
DODO* | -2 0 u u g V(DD-DD) is the
D+D-* -A - u u 9 same for I=0 and 1
J/Y o 0 0 0 ; ’
1w 0 0  V(J/¥V-cc) = 0 < 0ZI

A

]

\

[ V(J/¥V-J/¥V) = 0 < no int btw light quarks
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Potentials

» |sospin invariant

in this calculation, we take A = 500MeV

> separable Lorentzian for
DD-DD interaction

—A\ A? A?
A2 q2 _|_A2 p2 _|_A2

> Lorentzian for DD-ccbar g ( A” )
coupling VA \ ¢+ A2
DOD%* | D*D* |J/¥ o |J/Ybw | ccher | N
DODO* | =2 0 u u g \/(DD-DD) is the
D+D* -A - u u 9 same for I=0 and 1
J/Y o 0 0 0 ; ’
Jbw 0o | o | | Vi/¥V-co)=0< 02

A

]

\

[ V(J/¥V-J/¥V) = 0 < no int btw light quarks
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DODO* | D+D* | J/Yv o | J/Yw | ccher

P ° I DODOo* -A 0 u u g
D+D* -A -

otentials DD ST TR -

J/bw 0 0

Interaction strengths are determined by

> D-Dpar* coupling 'A : we assume it is the same as the
strength between B-B*, and B-B* interaction is taken
so that it has a zero-energy resonance, like Zo
(10610) or Zn(10650). (similar to quark model)

> DDPar*_J/yYw coupling u : we assume the quark model
with Godfrey-Isgur ggra" interaction to obtain this
transfer strength.
RGM for a quark model — Vpp = N-1/2 H N-1/2 - Ho

> DDbPar*_ccbar coupling g : we use this strength as a free
parameter to give the X(3872) mass.
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Decay rate

» Decay rate « ccPar full propagator

dw 1 _ _ caw
o = —;Im (ce|Gg(F)|ce) [Ethresholdd—E dF = 1
dW (ce — f) 2

_ = 7psks ‘<f; krl(1+ VppGE))WegGg|ce)
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cchar — mesons - for resonance X(3872)

>

no width for o w.
> DODO"ar peak appears

> Almost no J/¥Y p
strength.

> X(3872) is a bound
state, cc->X prob 0.024

10

| I

e DO_E*O

Vg:Wo |DODO*|DD*J/w o [J/ww[ceter| | | |

DODO*b| -9.6 0 -0.81-9.8/3.85| g4 - st T O S e

D+D-* 06|98 98 1385 7 3900 39T50 4000
DOD*0bar

J/Y oo 0 0 0 iy ccbar(2P)

J/bw 0 0 Sharp peak No more
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Introducing w—m3 and o —m? decay

» Width only the last propagator

I p
dW = -
— = ——Im (cc|Gg(E)|ce)
g = 1

E — H +il'(E)/2 < observed p—mm or w—m m 1 width

N / k2dk Ty (s(k))
(k2 — k2)% + (usTv (s(k)))?

2

(£ k11 + VerG®)VegTalet)
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Mass Specturm (arbit. unit)

Energy dep’t vector meson width

10 F
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cchar — mesons - for resonance X(3872)

» inc width for o w.
>J/yY-Vector meson

threshold.

>J/Yw and J/Y p are
comparable.

peak appears at the

VosWo

DODO*b

DD

J/v o

J/Yw

char

DODO*b

-9.6

0

-9.8

-9.8

3.85

DD

-9.6

-9.8

9.8

3.85

J/v o

0

J/Yw

10 I T
dW e Do—ﬁ*o
5 =
J B
1 3900 3950 4000
DOD*Obar T
o ccbar(2P)

Sharp peak No more
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cchar — mesons - for resonance X(3872)

» inc width for o w.

>J/yY-Vector meson
peak appears at the
threshold.

>J/Yw and J/Y p are
comparable.

> Calculated ‘width’ is
within the observed
width, <1.2MeV

0 rers o e i e
3871 T 3872 3873
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cchar — mesons - for resonance X(3872)

dW(cc—f) _ 2 A2 2 AZ 2
dk - g , k2+A) /(k2+A>
k*dk psl'y (s(k)) ‘
x k(1 + VepGP)VpoG |
/ (k2 _ k2)2 s (,LLfI‘V(S(k))) <f |( RE ) PQ Q|CC>
\ J \ J
)\ 4 Y
JAy p (I=1) is enhanced small Isospin sym breaking
4— 200————————
factor [ rho
- DODO* r - g
— Jpp (Edep width) ; —— omega |
— J) o (Edep W|dth) :
- Jhpp
-Jy o ]
2 100+ ~ -
|l U
0.0 0.5 1. -0.1 0.0 0.1

k (J/psi rho momentum)



cchar — mesons - for resonance X(3872)

» inc width for o w.

» DD-ccPar coupling x
0.94

> Not so much difference
as far as J/yY-Vector
meson peaks
concerned.

> ratio J/ ¥ -V/DDPbar*
becomes much

smaller. DOD*0bar
J/Y oo
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(X—=>J/Yw) /(X —=>J/Yp) ratio

» Integrating for (Mx-1.2MeV, Mx+1.2MeV),
we get
PX=>J/Yw)/ (X—=>J/bp)=25

» Ambiguities:
> origin of the attraction, ccbar-DDPar or D-Dbar int?

> size of J/Y -V interaction
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(X—=>J/Yw) /(X —=>J/Yp) ratio

» Integrating for (Mx-1.2MeV, Mx+1.2MeV),
we get
PX=>J/Yw)/ (X—=>J/bp)=25

Br(X = a7 Jp)

Br(X — ntn—Jh))

= 1.0+04+0.3 (Belle)

0.8+0.3 (BABAR).
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(X—=>J/Yw) /(X —=>J/Yp) ratio

» Ambiguities: origin of the attraction,

Two meson interaction

20
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0
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Summary

cchar — JiYyw, J/Y o spectrum is calculated by
> ccbar - DOD*0bar - D+D-* - J/ww - J/wlo
X(3872) is a two-meson molecule with a ccPar core.

There is a mechanism to have such narrow

peaks of J/Y o,w that appears on the threshold.
> This occurs as far as large strength of DD exists
just above threshold. Not so accidental.

A large Isospin breaking can be realized.

> a small breaking is enhanced by the large width of
£ meson
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Summary

» This ccPar-DD*par-J/9V picture is promising to
satisfy the constraints from the experiments.
> X(3872) mass & width > No extra ccbPar peak

> Size of Isospin breaking > Production rate, r decay
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[ Thank you !
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Isospin density at the resonance

» Density from the wave
function at the
resonance energy (no
vector width) shows
> At the short range,

density (1=0) >> (I=1).
> At r—oo,
density (1=0) = (I=1).

> o w components are
small.

0.5

| | | |
Density distri of X(3872) components
— DODO
T y(n)]?

‘e
‘e
.
“
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Isospin density at the resonance

» Density from the wave
function at the
resonance energy (no
vector width) shows
> At the short range,

density (1=0) >> (I=1).
> At r—oo,
density (1=0) = (I=1).

> o w components are
small.

0.5

0.0

| | | |
Density distri of X(3872) components
2 — DD (I=0)
r r
Tyl — o5 =)
Vet e J/w p
=wm Jly 60

......
of

EFB22 @ Krakéw 10 Sep 2013



X(3872) components

» Almost all is DOD*bar0 however, thereisa J/YV

components. DOD*bar0 09422
rJ/Yvw/d/v e J/Y o 0.0037
ratiois 1.9 J/Yw 0.0070

D+D*bar- 0.0260
> cchar 0.0245
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Peak 5\ threshold J: Cd
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