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The observed

charmonium-like states
XYZ



A summary of the observed XYZ states

nRLE

X (3872) Y(4260)  X(3940) X(3915) Z,(10610)
Y (3940) Y(4008)  X(4160) X (4350) Z,(10650)
Z+(4430)  Y(4360) - Z(3930) Z.(3900)
Z+(4051)  Y(4660) - - Z,(4025)
Z+(4248)  Y(4630) - - Z,(4020)
Y(4140) - - - Z.(3885)
Y(4274) - - -

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

In past decade, more and more XYZ states have been reported
by experiments
BaBar, Belle, CDF, DO, CLEOc, LHCb, CMS, BESIII
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In general, the observed XYZ states can be categorized into five groups

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

ete” annihilation B meson decay
X(3872) Y(4260)
Y (33‘;22 ’ e” ! ° Y(4008)
A ¢
Z+E 4051§ b x 7 Y (4360)
Z*(4248) Y (4660)
Y (4140) 1 - 1 et :  Y(4630)
Y (4274) (a) (b) —_——
: !  X(3915
X(3940) X(4350)
X(4160) . X350
— J /v Z(3930)
the double charm production vy fusion process

How to explain these novel phenomenon
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XYZ states from B

meson decays

X(3872)K — J/Yyntn K,
Y(3940)K — J/YywK,
Z*t(4430)K — y'n'K,

B — { Zt(4051)K
ZT(4248)K

Y(4140)K
Y(4274)K } — J/V9K,

} — Xcln+K7




Abundant experimental informaiton for X(3872)

Decay modes

Jiprnta=  J/rtaa®  J/fpn D°D°z° DD AJ/¢ Ay Mass (MeV) Jre
(J/vw)
Belle-1 m 3872.0+ 0.6+ 0.5
Belle-2 [ | —
Belle-3 [ | 38752+ 0.7102 £ 0.8
Belle-4 n 3871.46 + 0.37 £+ 0.07
Belle-5 | 3872.910-3+0-3
Belle-6 | | -
BaBar-1 n 3873.4+ 1.4
BaBar-2 O —
BaBar-3 | —
BaBar-4 n 3871.3+ 0.6 +£0.1 (B™)
3868.6 + 1.2 + 0.2 (BY)
BaBar-5 [ | -
BaBar-6 | —
BaBar-7 u 3875.1702 £ 0.5
BaBar-8 n 3871.4+ 0.6+ 0.1 (BY)
3868.7+ 1.5+ 0.4 (B°)
BaBar-9 | | —
BaBar-10 | 3873.0718 £ 1.3 2~
CDF-1 n 3871.3+ 0.7+ 0.4
CDF-2 m -
CDF-3 m — 1++/2—+
CDF-4 n 3871.61 £ 0.16 £ 0.19
DO n 3871.8 £ 3.1+ 3.0
LHCb-1 m - 1++
LHCb-2 m 3871.95 + 0.48 £+ 0.12
CMS n -
BESIII [ 3891.9+ 0.7+ 0.2
m(D°D*?) = (3871.81 £ 0.36) MeV PDG average mass of X (3872):(3871.68 + 0.17) MeV




The possible theoretical explanations for X(3872)
(1) D*D* molecular state

(2) a dominant c¢¢ component with some admixture of D°D*’ 4 D°D*

Belle
BR BR[X(3872) — D°D°x°
X(3872) = W/ _ 014005 X(3872) o D'D'n] _ g 4436
BR[X(3872) — J [ym+n] " BR[X(3872) —» mtn-J/y] T 43
BaBar
. BR[B® — X(3872)K°
BRIX(3872) = 1I/Y] (o B” — X(3872)K"] 16
BR[X(3872) — J/ym+n~] BR|B+ — X(3872)K*]
BR(X (3872 / These experimental ratios are
(X( ) = V) =34+14 crucial to test the structure of
BR(X(3872) — J/Yry) X(3872)

The molecular explanations to XYZ states observed
from B meson decays are very popular
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Y(4140) and Y(3940) as Ds*Ds* and D*D* molecular

states respectively

Liu & Zhu, PRD79:094026 (2009)

J/W$p — Y(4140), CDF, PRL102:242002 (2009)
B—K J/Yyowo —> Y(3940). BaBar, PRL101:082001 (2008)

My (4140) — My(3930) ~ My — M. My 4140) — 2Mp: = My 3940) — 2Mp-.

These similarities inspire us propose the hidden-charm molecular states
explanations:

|Y(4140)) = D7Dy ),

1Y(3940)) = % [\D*OD*O) + \D*+D*—>].
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Y(4274) as the S-wave DsBso(231 7) molecular state

Liu, Luo, Zhu, Phys Lett B 699:341 (2009)
DO (PRD89:012004) and CMS
(PLB734:261) confirmed the
Y(41 410) Y(4274) cpr, pRL102:242002 (2009) observations of Y(4140) and
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X(3915), X(4350) and Z(3930)

produced by the two-photon fusion

X(4350) — J /Yo,
Z(3930) — J/Yw.

X(3915) — DD,
yy —




PRL 104, 122001 (2010) PHYSICAL REVIEW LETTERS 26 NIARCH 2510

X(3915) and X(4350) as New Members in the P-Wave Charmonium Family

Xiang Liu,"**" Zhi-Gang Luo,’ and Zhi-Feng Sun'~

Z(3930) [ %,,'] X(3915)[xco'] X (3915) — D_l_),
vy — & X(4350) — J /Yo,
Z(3930) — J/yw.
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Y states directly from the e+e-

annihilation

Y(4260) — J/yntn—,

Y(4008)
e"e” — { Y(4360) } —Y'ntn,
Y (4660)
Y(4630) — A,A,.




Non-resonance explanations to Y(4260) and Y(4360)

PHYSICAL REVIEW D 83, 054021 (2011)

Nonresonant explanation for the Y(4260) structure observed
inthe ete™ — J/yYmr™ 7~ process

PHYSICAL REVIEW D 83, 074012 (2011)
Novel explanation of charmoniumlike structureine*e™ — ¢ 2S)7w @~

1,2 1,2 - Dian-Yong Chen,"? Jun He,'? and Xiang Liu'>*'
Dian-Yong Chen, ** Jun He, ** and Xiang Liu>*

Interference effect from (4160) and y(4415)

(a) (b)
= '
FIG. 1 (color online). The diagrams relevant to e"e™ — E;) . . . 1 . 1 , s ,
J/ @7 7. Here, Fig. 1(a) corresponds to the e* e~ annihilation S| i S ' ' ' ' ' L
: . ’ o . o +|y, +2Re( Ay, A5, +2Re( Ay, A,

directly into J/ ¢ 7r* 7r~. Figure 1(b) is from the contributions of | Fl 1 (o2 or) 1 (a5,
intermediate charmonia.

40
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| { ‘ } { } : The Y(4260) and Y(4360)
P ‘ 4l |signals can be reproduced well
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Charged bottomoniulike and

charmoniumlike states
announced by Belle and BESIII

T (nS)n=n¥ (n =1,2),
} —{ hy(mP)n*nT (m=1,2,3),
(BB* + c.c.)*nF (B*B*)*n*,
e"e” — ¢ Z,(3900)nT — J/YyntnT,
Z.(4025)nF — (D*D*)*n*,
(
(

Z,(10610) 7+
Z,(10650) 7+

3885)n" — (DD*) n*.



Initial Single Pion Emission (ISPE)

mechanism

D.Y. Chen, Xiang Liu, Phys.Rev.D84:094003,2011

First propose a new decay
mechanism existing in Y(5S) decay

the ISPE mechanism

The emitted pion with continuous
energy distribution

FIG. 2: (Color online.) The schematic diagrams for T(55) —

— (%) T(nS)n*n~ by the ISPE mechanism. Here, diagrams (a) and (b)

-> B(*) and B with low momentum are related to each other by particle antiparticle conjugation, 1.e.,

B"W = B® and n* = n~. After performing the transformations

BW+ — B&O BH- — BMO and 7t = n~, we obtain the remaining

diagrams. By replacing 1'(nS) with /;(mP), one obtains the diagrams
for T(5S) — hy(mP)n*n.

> Easily interacte with each other

> BOB"” 3Y(nS)m
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Belle Collaboration
PRL108,122001 (2012)

Z,(10610)
Z,(10650)

Zb(10610) and Zb(10650)

Y(5S) > h,(1P) n*n"

Y(5S) - hy,(2P) n*n

S12000F [ 2

o 10000 F

s /10 M

£ gooof
[

6000F PHSP

4000

Ev

2000

i .l.f‘

Y(5S) ->Y(nS) ntn-

oE X2 =57.1/54
60
s0f +

40

L x2 = 61.5/62

T E 100 -
3 < sof

60

30f aor

(Events/5 MeV/c")

ZD? 20
5 0F g

+

T T T ]
‘ X2 =22.4/33 |

1 Il L L
10 10.2 10.4 10.6 10.8

M(Y(1S)x ), GeV 1¢

ey = 1 1 1 1 I
‘Pﬂ.‘l 10.2 10.3 10.4 10.5 10.6 10.7

M(Y(2S)x), GeV

Koooi .
10,4 105

M(h,r*)

M(hbTC+)

——t __ __ _
- s = em e e mww wle e e e rE e eww - - - -

BB*
B*B*
Exp
1.0¢
BB
0.5}
0.0
9.5

m'r(ls)ﬂ-f— (GeV)

10.0

10.5 102 104 106 105 10.6 107

My (28)x+ (GEV) my (38)r+ (GeV)

1 1 1 1 1
34 10.45 10.5 10.55.10.6 10.65 10.7

D.Y. Chen, Xiang Liu, Phys.Rev.D84:094003,2011

C H N " n 14 3
1%.48 10.52 10.56 10.6 10.64 10.68 10.72 10.7€

M(Y(3S)x ), GeV

10.2 10.4 10.6 10.0 10.2 10.4 10.6 10.0 10.2 10.4

]nhb(1p)¢|—+ (GEV) lnhb(1p)7r+ (GQV)

10.6

my, 1P)nt (GEV)

: . : :
Mz, (10610 Mz, (10650

L0+

0.5+

0.0

10.4 10.5 1 10.5 10.6 10.7 104 10.5 10.6

6
my, 2p) (GeV) my, 2py+ (GeV)

10.7

My, (2P)7+ (GeV)

> Explain why the charged structures near BE and B'B thresholds
can be found in the hidden-charm dipion decays of Y(5S)

> We cannot find the sharp peak close to the BB threshold
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Novel charged structures

existing in the hidden-charm dipion decays of
higher charmonia or charmonium-like states

Motivation:

If the ISPE mechanism is an universal mechanism in
heavy quarkonium dipion decays, we naturally
extend the ISPE mechanism to study the hidden-

charm dipion decays of higher charmonia

*

* The similarity between charmonium and
bottomonium

+ Give predictions for future experiment

* An important test to the ISPE mechanism

18



PHYSICAL REVIEW D 84, 034032 (2011)

Predicted charged charmoniumlike structures in the hidden-charm dipion
decay of higher charmonia

Dian-Yong Chen'~ and Xiang Liu"**"

Y(4040) Y(4160)

1.0 ' : 1.0

Chen, X. Liu, PRD84, 094003 (2011) "
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FIG. 4 (color online). (Color online.) The invariant mass spectra of J/¢ 7™, ¢ (2S)7™, and h.(1P)7r™ for the ¥(4040), ¥ (4160),
Y (4415), and Y(4260) decays into J/¢yat 7=, ¢y 2S)m* #w~, and h.(1P)7" 7. Here, the solid, dashed correspond to the results
considering intermediate DD* + H.c. and D*D*, respectively, in Fig. 1. The vertical dashed lines and the dotted lines denote the
threshold of D*D and D*D*, respectively. Here, the maximum of the line shape is normalized to 1.

Predict charged charmonium-like structures near D*D
or D*D* threshold
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Zc(3900) observed by BESIII
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O A charged charmonium-like structure
0 Near the ) )* threshold
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Events / 30 MeV/c?

Zc(3900) confirmed by Belle

BESIII, PRL 110, 252002 (2013)  eTe™ — Y (4260) — J/¢mt 7™
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PHYSICAL REVIEW D 88, 036008 (2013)
Reproducing the Z_,(3900) structure through the initial-single-pion-emission mechanism

Dian-Yong Chen,">* Xiang Liu,"*" and Takayuki Matsuki**
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- More and more novel phenomena of XYZ states have
been reported

> ldentify these XYZ states as resonances (charmonia or
exotic states)

> Non-resonance phenomena

1. Y(4260) and Y(4360) are not genuine resonances

2. Zc(3900) can be reproduce by the ISPE mechanism

We still need more theoretical and experimental joint efforts
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Thank you for your
attention




