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Introduction

® Quarkonia — Both charmonium and bottomonium are successful stories of QCD.

® Charmonia — Well studied at Charm and B factories. Many charmonium(-like)
states found these years.

® XYZ particles — Many exotic properties! What is their nature? (QWG, Eur.
Phy. J. C71, 1534(2011))
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Eichten et al, Rev. Mod. Phys.80,1161(2008)
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(QWG, Eur. Phy. J.
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A table of XYZ

State m (MeV) rMey) Modes Interpretation
X(3872) 3871524020 13406 142 xtaod/y D DY molecule (bound)
DOp” D D" unbound
yI/U v 2S) 1T, x02P)
wl /Y if 2%, g2 (1D)
charmonium + mesonic-molecule mixture
QCDSR: [eq]5[7]s (S + A)
QCDSR: [¢i[Zgli (P + V)
QCDSR: [¢2]i (A) + [cgli[egl1 (P + V)
X(3915) 3915.6:3.1 8410 0,27 wlly DD 4 DD
2(3930) 39272426 EISE SIS Db X2 2P) (e 2 Py c2)
PR
XGod0)  3942°] 7+ 7 pb*
G(3900) 3943£21 211 1 Db Coupled-channel effect
Y (4008) 4008+ 226497 1= ata Iy
Z,(4050)" 405173 8273% ? T (1P) hadrocharmonium
¥ (4140) 4143.03.1 17t s oI QCDSR: [¢qli[Eg]y (V + V)
QCDSR: [¢5][@s]; (V + V)
D D;~
X(@160) 41563 JEC Db*
Z,(4250)" 42487 1774321 ? 7 e (1P) hadrocharmonium
¥(4260) 426345 10814 17 Iy charmonium hybrid
27y J /¥ fo(980) bound state
DyD* molecular state
[es]1E] tetraquark state
hadrocharmonium
QCDSR: [¢g1i[Zq1 (S + V)
QCDSR: [eqli[gli (P + A)
Y(4274) 42744784 7 B— K(@J/y)  (see Y(4140))
X (4350) 4350.67¢% 133 02t $I/v
¥(4360) 4353411 96442 1= T Y(2S) hadrocharmonium

C71, 1534(2011))

crypto-exotic hybrid
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Update on X(3872) — 77w J /1 at Belle

® Discovered by Belle about 10 years ago in B — J/ymTn~ K. It's the beginning
of XYZ field. (Belle: PRL91, 262001(2003))
® The update from Belle (772 x 10° BB): PRD84, 052004(2011).
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® My(ss72) = 3871.84 £ 0.27 + 0.19 MeV/c?; Tx(ag72) < 1.2 MeV @ 90% C.L.
® Mass difference of X(3872) from BT and B°:
AMyx(3g72) = —0.69 £ 0.97 £ 0.19 MeV/c?.
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Angular analysis of X(3872) at Belle

® JPC — 1%+ or 2=+ from angular analysis by CDF. (PRL98, 132002(2007)).

® For X(3872) — J/vp — J/¢pmTn~ with J/3 — p orbital momentum L and S:
JPC — 1ttt L= 0, S =1 — 1 amplitude; JPC =2t L= 1,S =1or2 — 2 amplitudes By and Bya.
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Angular analysis of X(3872) at Belle
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Events/(0.2)

e
SOz BB, = 1

Events/(0.2)

s o

|cos|

Both JPC¢ =11+ and JPC = 2—* (for certain By1/Bio) describe data well.
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® A charged partner could be possible if X(3872) is exotic.
® Charged partner could be searched for in X(3872)" — J/wp(— 7+ n0).

e First row is B. — K~ ptJ/4, and the second row is B — K%t J/1.
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Search for charged X
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o BB = XTK™) x B(Xt — J/ihpt) < 4.2 x 10~
® BR(BT — Xt K% x B(Xt = J/ypt) < 6.1 x 10~°
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Search for C-odd X

® |s there a C-odd partner of X(3872) if it's an exotic state?

® Channel I: B— K + yxc1
2 — vXc1 was predicted.
Godfrey-Isgur, PRD21,189(1985); Eichten-Lane-Quigg, PRL89, 162002(2002) and PRD69, 094019(2004)

mame spect. I M, M, [Mev] SN
decay
N I'D, 27 ——  3780-3840 nan

y" D, 1 3772.9(4) 3785-3819 DD

y, D, 27 ——  3800-3840 (7.7

v, D, 3~ -—  3810-3850 DD

(12 — yxc1) = 260 keV predicted.
® Channel Il: B— K +nJ/v.
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Study of vy

® Bt — yxc1 Kt with xa1 — ~vJ /4 using 772 x 106 BB.

® Efficiency and resolution improve with increasing M.,
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m signal B—y'K*, y'— xc1y from MC
m peaking bckgd from MC:
B—y'K*+, @' —J/ywn°, J/yn, J/wnn
= combinatorial bckgd from MC:
B—J/WwK*, xaK*, yKn(n), xciKnn
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® M-y, in data agree with inclusive MC simulation, except for the peak at
3.82 GeV/c2.

® Missing ¥»(13D>) charmonium? Mass agrees with prediction.
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Yo — YXcl

e 1) significance 4.20 w/syst. First evidence!
o T(1h2) = 4+ 6 MeV/c? if fitted.
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Signals:
m BowKY, @'—Xay
m B—woK*, Wo—Xay

EXCT:S
M,

Ge \43‘}22)

yield  Mass[MeV] BR(B*—) \I’(—’X01Y)K+)
w' 19318 3685.3+0.6 (7.7+0.8+0.9)x10™
v, 3319 38235428 (9.72%+1.1)x10°
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X(3872) — vxea

®

[}

M. for X(3872) region
3.84<M(Xc1Y]) <3.90GeV
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® No X(3872) signal observed: Nggz = —1+£5.
® B(BT — X(3872)K*) x B(X = yxc1) < 2.0 x 1076 90% C.L.
B(X—yXc1)
® W < 026 90% CL,
according to PRD84, 052004(2011)(Belle):
B(Bt — X(3872)K*) x B(X — ntn—J /) = (8.6 £0.8 £ 0.5) x 10~
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Search in B — K +nJ /v
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Events/6.25 MeV/c

® BaBar: with 90 x 10° BB, no X signal. PRL99,041801(2004)
B(Bt — X(3872)K) x B(X — nJ/) < 7.7 x 10~° @90% C.L.
B(BY — nJ/¢KT) = (10.8 + 2.3 +2.4) x 107°.

® Belle: only ¢’ signal and non-resonant component, no X(3872).
B(BY — 'KT) x B(y) — nJ/v) = (5.8 4 0.9 +0.4) x 10~
B(BT — nJ/vK')yg = (1.17 4 0.07 4 0.11) x 1074
B(BT — X(3872)KT) x B(X — nJ/¥) < 3.8 x 107° @90% C.L.
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Study of vy — wJ /¥
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® M(X(3915)) = 3914 + 3 4+ 2 MeV/ 2.
® (X(3915)) = 23+ 1073 MeV/c2.
® Significance is 7.80. N8 = 55+ 14f§4

Belle: Uehara et al., PRL104,092001(2010).
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Study of vy — wJ /¥

_ X (3872)
NO 25} i
S =
8 of .
s %F BaBar Preliminary
g &
< 150
o
5
@ 10
5
b : Mot
38 385 38 385 4 405 41 415 42
m(Jyo) (GeVic?)
m(MeV/c?) D(MeV) Ty x B(JSpw) (eV)

X(3915) 7.60 3919.4+2.21.6 13+6+3 52+10£3(J=0)
1054+ 1.940.6 (J =2)
X(3872)  not seen < 1.7

BaBar: Confirm Belle's measurement, using 519 fb—1 data.
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Study of vy — n.nTw at BaBar

Predictions :
- T(ne(28) = et~ ) /T ((2S) — JhbmnTn™) = 2.9
That is B(n.(2S) — nentn™) = (Q.T:é:g)%

Mod. Phys. Lett. A 17 (2002) 1533

— Then
o If X(3872) = 0o (1'Dy, JPC =277),
o then B(X(3872) — n.ntn~) > B(X(3872) — Jiyntn™)

(Int J. Mod. Phys A 20 240 (2005))

— = what about X — n.rtn~ 7
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Study of vy — n.rt 7w~ (BaBar)

® 473.9 fb—! data used, and . — KgK+7T_.
® No evidence for vy production of X(3872), X(3915) nor xc2(2P).

20- 30-
18- £ (d)
16 2
14 20- il
12- : :
10 : 15]
a o | e T .
s i b E % ] 10+ b
4 '_L%reliminA r s-BaBar Preliminary s BaBar Prieliminary
2 £ E
L ' L . . N . o L L n 1 L ol L
95 355 36 0 36 365 37 ¥ 385 39 385 4
Left-chicp(1P). Middle-nc(25). Left-X(3872)/X(3915)/xc2(2P)
B(xa(1P)=nentn ™) +10.9 S
° 2 = 14. 342 2.29
B(xca(1P) > KIKT 7~ +c.c.) 5109 £ 73125 B(xea = nen'mT) < 2.2%
Lo
o _m@omer m__ _ 4g+35 113408 B(ne(25) — nentwT) < 7.4%

nC(ZS)aKgKer’Jrc.c.

® (X)) B(X — nemtwT) < 11.1/16/19 eV for X(3872)/X(3915)/xc2(2P)
From Bernard's talk at GNP2012.
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1-- family from ISR

ISR: initial state radiation
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T T J
PRL99, 142002
670/fb

PRL9S, 212001
208/ €l ]

The Y states -3
T T . © [ )
= 3 1 Ziof g
5 =3 &°f
< 60 | U Solution One _§ 5;
% HE Solution Two E r
&40 B
8 PRL99, 182004 0
i 20 { % .
b 4_, 5 55 B[
M(x* T Ihy) (GeV/c?) =
NSU 30 ! N
E
§ 60 |
g 50 %
& o Y(4008)
» Y(4260)
o] - YW360)
38 Jx 4.‘2 4}4 4‘6 4‘8 ; 5.‘2 5.‘{; - Y(466O)
m(r Tl Y)(GeVic?) Y(463 0)

Above DD threshold, decay to open charm?
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PRL101, 172001
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BaBar update on ISR

e no photon tagging Both Preliminary
Y — Jprta 454 fb~! Y — p(28)ntn- 520 fb~*
Jip — €1 (e, p) W(28) — Jbmtr or £T4
—0.50 < m2,,, < +075(GeV/c?)? missing p and missing pr
—~ 80p
3w % e
2w z S Iyrr 3
g = [ background E
S 0 2 16 |
ER Z 4 3
g 30, 4 :; BaBar Preliminary 3

e o AN B o e (i
38 4 42 44 46 4 5 52 54
mIyr' Y GeVich)

L'r...._..(‘ AT

52 56 5.8
m(y2S)Hc'T)(GeV/ie?)

m(Y (4260)) = 4244 + 5 + 4 MeV/c? m(Y (4360)) = 4340 4+ 16 + 9 MeV/c?
I =114%}% £ 7MeV/c? I =94+ 32+ 13MeV
Don't confirm Belle's Y(4.01) m(Y (4660)) = 4669 + 21 + 10 MeV/c?

I' =104 4 48 + 10 MeV
Tyt x B(Jpntn™) =9.24+£0.8+£0.7eV

arXiv :1204.2158 not yet on arXiv

From Bernard's talk at GNP2012.
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Y states don't match D(S)) peaks

H : PRD770]1103(2008)
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42 44 46 4.8

s, GeV/c

Only clear 1(4040), ¢(4160) and (4415) signals!!!
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Belle, PRD83, 011101(R)(2011)

g 05l = P~ T os o
SUHE 8 p- | E I -
g1 |5 DD 0.6 "; Ds JrDs -
“EE | F .
I P In40 MeVbins ~ °4r
i e
M ity TN
P S Y S R VTR S 2 vy 76 8 5
- MDDy GeVic® D +D,*) Gevie®
s (80 o g -
® T T ZEDD* T Sum of Dy
- > 3§ s s 1F
J[ + P

bttt L e

4 412 v 6 e s 38 4 42 4.4 4.6 48 25
" z MDD "} GeVie

No obvious Y states but 1 signals again!
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nJd /¢ via ISR

Belle: Search for hadronic transition via emitting 7. (Preliminary)

Parameters Solution I Solution IT
% M ((4040)) 4039 (fixed)
2 I'(4(4040)) 80 (fixed)
& B(4(4040) = nJ/¢) -Tprp [51+£0.8+£1.1 1244+ 1.2+ 1.2
8 M((4160)) 4153 (fixed)
i I (4(4160)) 103 (fixed)
Y B((4160) = 7J/¢) - Tor - [41£0.5£08 152412+ 15
M(nJ‘/‘-Z) (Gevich : #(°) —204+114+8 —110+4+3

Taking .+ (¥(4040)) = (0.86 £ 0.07) keV from PDG —
B(1)(4040) — 1J /1)) = (0.59 & 0.11 + 0.14)% or
B(1)(4040) — 1J /1)) = (1.44 £ 0.18 = 0.18)%.

Taking .+ .- (¥(4160)) = (0.83 4 0.07) keV from PDG —
B(1(4160) — 1J /) = (0.50 £ 0.07 %+ 0.11)% or
B((4160) — 1J/v) = (1.83 £ 0.21 + 0.24)%.

FPCP2012,USTC Charmonium(-like) states

22 /32



Cross section of ee™ — nJ /¢

Belle preliminary

5 bk
ncl)bs —n; 3

7= eilLiB(n — nrr 70 + ) B(J /b — £+07)

= 100 -
g 75
8 s0f ’ ”’
|
22 j “j H+ { I'I * + mﬁ ittt b

4 4.5 5
Ecm GeV

A systematic error of 8.8% to all data points is not shown.
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About charged Z

® Belle observed charged charmonium-like states in ccKm system.

40
827, ,7Z,
30
25

20

Events/0.01 GeV
Events / 0,024 GeV/c®

‘ ‘JW@-,»{;‘ [

.
38 4 42 44 46
M (x,,m"), GeVic®

o [T T I I T T T T T

® 7(4430) in B — K + ¢, PRL100, 142001(2008).
® 7,(4050)" and Z5(4250)" in B — Kxc17, PRD78,072004(2008).

® Quark content at least |ccud > expected.
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More studies on Z(4430)

® No significant evidence for Z(4430) at BaBar. PRD79,112001(2009)

@ B'—Iyr K" T @ B'>yesmK"”
All K Events i ) AllK7 Events

i

® o0

K+ K 14300 4

Events/10 MeV/c?
1
L

i
my, (GeV/c)

® No significant Z& — J/¢7T at Belle.

L
m g, (GeVic)

% 350 preliminary | “f 3s50-preliminary

by

& 300 i 3 3

2 3

& 250 25

° °

@ 200f 2 200;

§ §

& 150! @ 15¢
100 100}
50

off

1214 16 18 20 22

M (Jy.x), GeV?/ct M(Jhyx), GeVic!
The most significant Z is only 30.
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BaBar's search for Z; and 25

® B K4 xcam, 429 fb— 1.

® Resonant structure in K7 system can describe the x .17 mass spectrum well. No
evidence is found for Z;(4050)" and Z»(4250)" resonances, but do not
statistically rule out existence of Z;r and Z;.

»
o
=)

200

events/20 MeV/c?

e e L

4 45
m(xes ) GeV/c?
o BB -z} K™) x B(Z} = xam) < 1.8 x 107° @90% C.L.
o BB =z} K™) x B(Z} — xamt) < 4.0 x 107° ©90% C.L.
® For asignle Z(4150)+, B(B® — ZtK™) x B(Z* — xe1n™) < 4.7 x 1075 ©90% C.L.
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Summary

About X(3872):

Update on X(3872) — 77~ J/4) performed by Belle. More precise results got.
Both 1T and 27+ describe Belle data well.

No charged partner of X(3872) found in J/4p™ search. No C-odd partner found in vx,1 or
nJd/.

The first evidence of 1, is got at B — K + 7xc1 search. The significance is

4.20.

From

~7y collision:
X(3915) has been established in vy — w1

No evidence of X(3872), X(3915) nor 1¢2(2P) found in vy — nertn ™.

ISR:

Measurements updated on ete™ — w77~ J/4 and w7 4’ by BaBar confirm the Y (4660)
resonance, but not confirm Y(4008).

ete™ — nJ /4 via ISR is measured for the first time. 1)(4040) — nJ /4 and 1)(4160) are

observed in the final states. But no Y state observed.

About charged Z.

No 2(4430)+ evidence in B — K + J /4.

® ZlJr and Z; are not confirmed by BaBar.
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Thank you!
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Back-up
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Search on nJ /v via ISR at Belle (Preliminary)

e Reconstructions: J/¢ — eTe” or ptp=, m — yyorm

e Clear ¢/ signals.

IS
S
T

w
=)
T

0
=3
T

Events/2 MeV/c”
>
—

i \—‘L-—‘L‘é——‘-—%—é
3.66 3.68 3.7 3.72 3.74
MMI/Y) (GeV/c)

Events/2 MeV/c®

0

=l

B

3.66 3.68

3.1
(Gev/c?)

MM/ y)

3.72 3.74

Left is 7 — 77~ 7° mode and right is 7 — vy mode.
Measurement on cross section of o(e*e™ — ysr?)’) at Belle:
e mt7 770 mode: n8 =186+ 17, 0 = 13.9 & 1.4 pb.
e 7y mode: n8 = 470425, o = 14.0 = 0.8 pb.
e Theory calculation: ¢ = 14.2 pb.

Measurement on v’ signal is reliable.
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nJ /1 via ISR at Belle (Preliminary)

The J/4 signal and 7 signal at high energy region (M, > 3.8 GeV/c?):

150

(a)

100 |

Entries/5 MeV/c?
Entries/8 MeV/c?

50 -

The nJ /1 signals:

Entries/20 MeV/c®
IS

Entries/20 MeV/c?
>

4 4.5 5
M(mJ/y) GeV/c

4.5 5

M(nJiy) GeV/c?

The left is 7 — 7t7~ 7% mode and the right is 7 — 4y mode. Events accumulate
around the positions of 1(4040) and ¢(4160), and no obvious Y states found at
w7~ J /(') transitions!
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New 7J /1) results

Entries/20 MeV/c?
Entries/20 MeV/c?

4 45 5 4 45 5
M(nJhy) GeVic M(nJhy) GeV/c
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