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Background

200 | | S The Belle collaboration observed
w | {  a structure in the invariant mass
§15;— BELLE : distribution of the yy(2S).

S0l
g | M = (4014.3+£4.0£1.5) MeV
L 5'
: I'=(4 £ 11 £+ 6) MeV
47

I+ ic 3 ocond candidate

far the Y. (211
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Background

eV

D° 1864.84+0.05

D*0 2006.85+0.05
X(3872) 3871.65+0.06

X, 4014.3+4.0+1.5

Table 1 The masses of DY, D*°, X(3872) and X,.

This new structure is a perfect candidate of an isoscalar D*D*molecule,
labeled as X,, with quantum numbers JF¢ = 2+,

® The mass of X, is near the threshold of D*D*.

® The width of X, has the same order of magnitude as predicted.
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Feynman diagrams

——J/Y
(a) (b) (c) (d)
p b e I poT— F DT P
XZ v D+ XZ D | D*+ XZ | DO XZ J D*O
DT N—— ¢ D" N—— ¢ DN 1 D*ON——n,
(e) (f) (9) (h)
V=p0,(,() P :T[O;r’;r’,

2024/4/27 5



Effective Lagrangian

x, D 1 = _
2 1X,) = —(|D*°D*®) + |D**D*~)
E ) = 7(15) )
The effective Lagrangian for the X, coupling to D*D*can be written as
1 _

1/2
XO(C) _ 161 2EB
nr U U )

Eg and u are the binding energy of the X, relative to the D*D* threshold
and the D*D* reduced mass. For the case of the D*°D*0 | 9. is 1.32 GeV~1/2,
whereas it is 2.36 GeV~/2 for the D**D*~.
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Effective Lagrangian

S

} D(DY)

In the heavy quark limit, the interactions of the S-wave charmonia J/y and .
with the D and D* mesons are described by the Lagrangian

Ls = igyppWiDOFD + gyp pEumapdt T (D*a(gﬁﬁ - D(gﬁﬁ*a)

) - l«gl/)D*D*l/); (D{;(gvﬁ*‘u + D*,LLEH/E:; - D;é‘uﬁ*v)
/(e

— Gnep* 0 €uvapd“niD*3D*F +igy popn. (DI*D, + D G*D) + H.c.

where D =(D° D*,D¢ ),D*=(D*°,D**,D¢* ) the coupling constants are related to

the gauge coupling g, = ./my,/(2mp f,) with the J/ip decay constant f,,= 426 MeV

Jyp*p = 291\/7711/; mp+/Mmp , Gyp*p* = 2g1Mp+,/My,

9n.pD*D = 291\/mncmD*mD ,  Gn.p*D* = 291,/ My,

2024/4/27 7



Effective Lagrangian

The Lagrangian relevant to the light vector and pseudoscalar mesons can be

written as
_ pt *MT
£ = —igppp (Df0,P,D;* — D;*10,P,D;)
1 *put B _ t3 nJ J
. v(P) + 22571) D JDEHAmux[?l) é’l&;) é? C(l) — lé]l)l)b'l)i é)lll)]'(]7py);
ZfD DVE,uvaB (a,uVV) ( aD*ﬁ] i 0 aD]) V2 V2 P
" V= - .__flg « *0 ’
+igD*D*vD*v+ (3 D J(V“); p \/E \/E K
+4ifppryD]T (VY — 9¥VEYiD) + H K= K® ¢
D*D*V iy . C.
n°  on+yn
Here 6 = cos(Hp + arctan\/f) and y = (\/— 2 T K™ \
sin(ep + arctanﬁ) with the n-n’ mixing P = - 32 577:;_)/77 K0
angle 8, ranging from —24.6° to —11.5°. \ K- K° yn + 577/
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Effective Lagrangian

The coupling constants can be written as

o Bav
gDDV_gDDV__\/E;
_ fop*v _ Agy
fD*DV - mD* - \/i )
T dp*pP _ 29
gp*pP Mmpmp= fr

Here g = 0.9 and gy,= m,/f; with the
pion decay constant f, = 132 MeV,A =
0.56 GeV~! and g = 0.59 based on the
matching of the form factors obtained
from the light cone sum rule and from

the lattice QCD calculations.

2024/4/27

pa

Form factor

——— V(P) m2 — \2
' D(D*) F(q%m?) = 7 A2
——J/yY(n.)

Here g and m are the momentum and mass of the

exchanged
0.22 GeV.

determined

meson, A = m+ alqcp WIith Agep =
The model parameter o could not be

from the first principle, but its value

was found to be of order of unity. We vary a from

0.7to 1.4.



Effective Lagrangian

X
Mp = EX;E‘O) mXZmD*EW(Xz)Iuv

Amplitudes

1
My == x50 Fmempet (X,)e (e B (/) Lyap

2
(14
b(d) _ q 1
I -_— 4 *k k — _
uvapB j(ZTL’)4 gupgva[ fD D V(pS,nga:E pS,Egna) S(CI;mD) — q2 — mlz) i
~9p*ov(P1 + Daden|Gyp v (P2 + Ds9py G (g oy = 9 04" /m2.
+(p2 + Oy 9ps — (P2 + D pys]SP* (01, mp+) LI T T T e
X S (py, mp+)SO7 (g, mp*)F(q?, mzz)*)
X, - Jipp® and X, > ner®: M@/ + /P — pp(e/a) — ppld/h) 1 7]

Iy = X M, . |2
2721+ 1 87th22| tot|

X, = Jhpw and X, - nen(n’): M@ + M@ 4 M/ + prld/n)
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Results: X, —» JAYV

2010 TP

R=T(X, - J/pw)/T(X, - Jpp®)

180

160

E -120@ g
ém -100%’ _;_c_,
BN 180 Dl.l
60 5-?—’
:Z 4.011
4.01
4.009 i \ . . f f
1400 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4
Model Parameter, a
> The process X, - Japp? breaks isospin symmetry,
< fro00 while the process X, - Jyyw is of isospin
. o = conservation.
= 3 i
& o > The interferences between the charged and neutral
meson loops provide an important source of the

: Isospin violation.
0.7 0. 08 1 11 12 13 14 > At mX2 =4.0137 GCV, Xl‘(:r' = 0. At mXZ = 4017

Model Parameter, o G V 0 c
C = .
2024/4/27 » Xnr = Xnr 11




160

Results: X, = Pn,

12 [ X 6 ' '
(a'{" | /- /, X, = 150
/ / / 5| 140
% 25§ :3 % 110 %
E, 20§ g ;3 100 nlé
15 i 80
10 0 . | . | . | . . . . ) . ) - 3 1 70
0.7 0.8 0.9 1.0 11 1.2 1.3 14 0.7 0.8 0.9 1 11 12 13 14
Model Parameter, a Model Parameter, o
» For a given mixing angle, the widths increase while the model
g 0 parameter o Increases.
£ .- > Atagiven model parameter, the widths for X, — n.n and X, —
n.n' show the opposite variation.
T e pmamen » The processes X, — n.n and X, — n.n’ depend on the § and y.

The X mass s taken to be 4.0143 GeV. The y is increased with the increase of 6, while & is decreased.
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Mixing Angle, 6, (deg)

4.01

4.012 4.014

4.016

A2k

,14,

16 F

18 F

Mixing Angle, HP (deg)

20 F

_22 L

-24
4.01
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4.012 4.014

4.018

32
30
i 28

4.016

X2 Mass, (GeV)

a=1

4.018

126

124

N
o [\%]
Width, T (keV)

—
[e2]

—
(2]

—
s

—
N

-
[=]

: . —
12t Xy > 17 180
10k 160

' g
S 11

< 8r o 0 =

O Sy =

< s 2

= o o

al = 100

5L 80

0 -. | . 1 . | . 1 . I L - 60
4.010 4,012 4.014 4.016 4,018 4.01 4.012 4.014 4.016 4.018

X, Mass (GeV) X, Mass, (GeV)

> At my, =4.0137 GeV, the width for X, - n.m° exhibits a
maximum value, whereas the two decays of the X, - n.n and
X, = nn' show minimum widths.

> The decay process X, — n.m? violates isospin symmetry, while
the other decays of the X, — n.n and X, — n.n’ follow isospin
conservation.

> At mg, =4.0137 GeV, ypr = 0. At my, =4.017 GeV, xp, =
xS, being the same with the case of X, —» Jp®(w).
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> In calculations, we assume the X, as a molecular state of the D*°D*° and D** D*~ with

equal proportion.

» The calculated results indicate that the widths are all model-a dependent. The relative
ratios between the widths of different processes are nearly model-a independent and

quite sensitive to the X, mass.

» Atmy = 4.0137 GeV, the decays that violate the isospin symmetry exhibit widths of
peak values, whereas those remaining the isospin symmetry show minimum widths.

Near my, = 4.017 GeV, the opposite happens.
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Thanks for your attention!
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