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A summary of observed XYZ states

X. Liu, Chin. Sci. Bull. (2014) 59(29-30):3815-3830

A [1-5] B[6-10] C[11,12] DJ[13-15] E [16-20]

X(3872) Y(4260)  X(3940) X(3915) Z,(10610)
Y(3940) Y(4008)  X(4160) X (4350) Z,(10650)
7' (4430)  Y(4360) - Z(3930) Z.(3900)
Z'(4051)  Y(4660) - - Z.(4025)
7' (4248)  Y(4630) - - Z.(4020)
Y(4140) - - - Z,(3885)
Y(4274)  X{3872): Belle,PRL91, 262001 (2003). Cited-by 1228.
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A summary of observed XYZ states

X(3872) _ . cr .
voo |\ B meson decay B: e'e” annihilation Y (4260)
7+ (4430) g Y (4008)
Z*(4051) .
Z+(4248) b S Y (4360)
Y(4140) > g Y (4660)
Y (4274) . : ; Y(4630)
C: The double charm production D: 77 fusion process
X(3940) )
X(4160) ¢

E: Hidden-charm/bottom dipion and open-

and charmoniumlike/bottomoniumlike states Z
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Explanations of the XYZ states

Hybrid

— Compact object with excited gluons and QQ

5L Zhu, PLBE25(2005)212, E. Kou et al., PLBE31(2005)164, EE. Close et al, PLEG28(2005)215, ...

Tetraquark

= Compact object formed from Qg and Qg

L. Maiani et al., PROB9(2014)114010, L. Maiani et al., PRODET(2013)111102.....

= Compact object with color spin interaction

H.Hogaasenet. al., PROT3(2006)05401 3, FBuccella at. al., EPJCA0(2007)743, ...

Hadro-Quarkonium
— Compact QQ embedded in light quarks

M.B. Violoshin, Prog.Part Nucl. Phys 61(2008)455, 5. Dubynskiy et al., PLEGEG[2008)344

Hadronic molecule
— Extended object made of Qg and Qq

M. A To rngvist, PLES90{2004)209, C.E. Thomas, PRO7E(2008)034007, ...




Some meson molecule candidates

X(3872) 3.87169
<Xb BB* 1++ >
Zc(3900) DD* 1"" 3.8887
Zc(4020) D*D* 1+- 4.0239
Zb(10610) BB* 1"" 10.6072

+_
Zb(10650) B*B* 1 10.6522



Conterpart of X(3872)—Xb states

Conterpart of X(3872): J"° =1"":1 =0; BB* molecule?
Very Heavy: difficult to directly produce at e'e”

PHYSICAL REVIEW D 74, 017504 (2006)
Searching for the bottom counterparts of X(3872) and Y (4260) via w 77~ Y

Wei-Shu Hou

Department of Physics, National Taiwan University, Taipei, Taiwan 10617, Republic Of China
(Received 5 June 2006; published 27 July 2006)

The X(3872) and ¥ (4260), among a host of charmoniumlike mesons, have rather unusual properties: the
former has very small total width, the latter has large rate into 7+ 7~ J /i channel. It would not be easy to
settle between the many suggested explanations for their composition. We point out that discovering the
bottom counterparts should shed much light on the issue. The narrow state can be searched for at the
Tevatron via pp — 7 7 Y + X, but the LHC should be much more promising. The state with large
overlap with Y can be searched for at B factories via radiative return e ¢~ — ygg + a7 Y on Y(55),
orby e"e” — wtwr~Y direct scan.




Conterpart of X(3872)--Xb states

® X(3872):M(D*)+M(D*)=3879.87+0.17MeV

} SMeV
M(D°)+M(D*%)=3871.8+0.17 MeV .=

M(X(3872))=3871.69+0.17 MeV

=> X(3872)=>J/yp is large, isospin breaking

® X,: MB)+M(BH=10604.8+0.57MeV ~ } o 03Mev
M(B")+M(B*)=10604.5+0.57MeV

M(X;)=10504 MeV 09711.2787 —

10580 MeV 1303.6608 20~100MeV

> X;—Yp may be suppressed by isospin.

t——

X, = Y(nS)y, x,,77, Yo should be of high priority.

G.Li, W.Wang, PLB733,100; G.LI, Z.Zhou, PRD91,034020.



Heavy-meson loops effects in the production and decays of
ordinary states and exotic state candidates

€ Q. Wang, C. Hanhart and Q. Zhao, Phys. Rev. Lett. 111, 132003 (2013); F. -K. Guo, C.
Hanhart, U. -G. Meil3ner, Q. Wang and Q. Zhao, Phys. Lett. B 725, 127 (2013); Q. Wang,
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Quark-level descriptions of hadronic loop mechanism
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X, = Y(nS)y

(a) (b) (¢] (d)

Fig. 1. Feynman diagrams for the radiative decays Xp — 7 (nS) with the BB* as the intermediate states.
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Introduce form factors to
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Adopt the effective Lagrangian approach to do the
calculation

L= %XSLL [w1(B*% B° — BOB*) 4 29(B* B~ — B*B* )| 4 h.c.,

Lymsypope = t9rBBY, (0“BB — BO*B) — QTB*BE“M'B@uTv (&)QBEE’ + BB 5)
—igyp+p«{ T"(0,B* B} — B*9,B}) + (9,Y,B*" —Y,0,B*)B*
+B*(Y¥9,B* — 9, T B*)},

E.SQab Vi EQ! L
L, = TF* Te[H] 0, Hy] + ——F" Te[HIH,0,].
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Coupling constants determination

ETBB Mg+
BB — 2 24/ Hyilg B*B — —/— B*B* — ETB*B 4| —Mip» ,
Y £24/ T Tiaies T T _—
2Ex
X} = 16w (mg +mps)%c? | T"

g = JMrams)/(2me frms)  Q =diagl2/3,—1/3,-1/3} B ~3.0 GeV~!
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Numerical results

Predicted partial widths (in unit of keV) of the X, decays. The parameter in the form factor is chosen as ¢ = 2.0 and &« = 3.0.

Xo — pT(15) Xp — ¥T(25) Xp — ¥T(35)
Dipole form factor @ =2.0 =30 ¢ =20 @ =3.0 ¢ =2.0 & =3.0
Eyx, =1 MeV 012 0.41 0.34 0.96 022 0.46
Ey, =2 MeV 0.19 0.62 0.42 118 028 0.57
Ey, =5 MeV 0.28 0.92 0.53 1.53 0.33 0.70
Eyx, =20 MeV 0.36 1.20 0.66 1.96 0.30 0.66
Monopole form factor a=2.0 @ =30 o =2.0 @ =3.0 o =2.0 o =73.0
Ey, =1 MeV 0.02 0.06 0.05 011 0.03 0.06
Eyx, =2 MeV 0.04 0.08 0.07 016 0.04 008
Ey, =5 MeV 0.06 013 012 0.26 0.07 012
Ey, =20 MeV 013 0.30 0.26 0.56 012 0.22

The predicted widths are about 1 keV.

2.4} (a) ] “Lib)

20 40 &0 80 100
Binding Energy (MeV) Binding Energy (MeV)

Fig. 4. (a) The ratio Ry defined in Eq. (12) in terms of the Ex, with dipole form factors o = 2.0 (solid line) and « = 3.0 (dashed line}, and monopole form factors with
@ = 2.0 (dotted lines) and & = 3.0 (dash-dotted lines), respectively. (b) The same notation with (a) except for Ry defined in Eq. (12]

_ I'(Xp— yT(25)) o _ TXo > y735))
'Y T, = yrS) T TXp = yr(s))’

The ratio R are not sensitive to the long-range structure of the Xb.
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X, = Y1S)w

G. Li, Z. Zhou, Phys. Rev. D91, 034020.
T(15)

*<[*<E*<E*Q:

B. C

FIG. 1. Feynman diagrams for X, — Y(1S)w with the BB* as the intermediate states.

L= %X* z1(B*%B" - B'B*") + 2y(B*** B~ - B*B*#)| + H.c.
Lyaspwpe = igrppT (@ BB - B*B) - grp- peuwasd 1" (° BB + BB
~igrp.5-{1"(3,B" B} - B"9,B;) + (3,Y,B* - 1,0,B")B™"
+B"*(1"9,B; -9, B:)},
L= _'iQBBVBTngj (V); —Qfs*ﬁvfpms(5”1””);(3:3&3*13 “ﬁd“ B') +igp.- LBWTE’p )
HifpepeyBL (V" — VB

jI"J
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Coupling constants determinations

gr(15)BB = 2g1\/MY(15)MB ,

T(1S)B*B = = —mmm———
gr(15) TMpMps

[2E
z? = 16m(mp + mp.)’c? % gBBY = gB-B*V =
0

gr(1S)BB

mB‘
T(15)B-B- — YT(15)B*B mp-
gr(1s) gr(1s) mg

Bav /BBy _ Agv

g« ﬁ

fB-BY

Vi

g1 = /Mr(1s)/(2mBfras))

B=0.9 A=056GeV~!

fT{lS:I = ?152 hIE\‘r

gv = .mP/f‘.T
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Numerical results for X, — Y(15)w

TABLE 1. Predicted partial widths (in units of keV) of the X,
decays. The parameter in the form factor is chosen as a = 2.0,
2.5, and 3.0, respectively. The units of the binding energy
parameters Ey, in column 1 are all MeV.

Dipole form factor a=2.0 a=2.5 a=3.0
Ey, = 1 MeV 4.03 8.55 15.53
Ex, =5 MeV 8.38 17.84 32.51
Ey, = 10 MeV 11.17 23.84 43.56
Ey, =25 MeV 15.12 33.30 61.10
Eyx, =50 MeV 18.63 40.14 73.96
Ey, = 100 MeV 20.02 43.34 80.22

The widths are about tens of keVs, which indicate a sizeable
branching ratios.

No significant signal for X, = Y(1S)w has been seen by the Belle
Collaboration.

X. H. He et al. [Belle Collaboration], Phys. Rev. Lett. 113,142001
(2014)
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Detecting the structure of Xb

Based on the Xb being an S-wave BB* molecule ansatz

The processes X, - Y(nS)y,Y(1S)w are not sensitive to the
BB* wave function at the long distance, but rather they are
determined by the short distance part of the Xb.

The process X, —» BBy can be used to probe the long
structure of Xb.

19



Summary

The widths of X, — Y(nS)y, Y(1S)w are about 1 keV and
tens of keVs, respectively, which corresponds to sizeable
branching ratios.

Heavy meson loops effects play an important role in the
decays of exotic states, especially when the initial state
mass are close to the intermediate meson pair thresholds.

The discrimination of a compact multiquark configuration

and a loosely bound hadronic molecule is an important
aspects in the study of exotics.
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Thanks for your attention !
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