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Outline

o New charmonium(-like) states
X(3872), Z(4430)
X(3940), Y(3940), Z(3930)
Y(4140) , X(4350)

+ Possible bb exotic state Y,

¢ Properties of n_, 1, Y(1D)
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[.1st of new mesons

recently found at B-factory Experiments etc.
(including some found by CLEOc¢ and CDF)

Charmonium(-like) particles

N.(25), Z(3930)=y.,(2P) // ordinary charmonium states
X(3872), Y(3940), Z(4430), Z(4058), Z(4258), Y(4260), Y(4320), Y (4008),
Y (4664), Y(4140), X(3915), X(4350) ... // decay into a charmonium
X(3940), X(4160), X(4630)

D*,(2308), D',(2427), D,,(2700), D* (2317), D,,(2460), D (2690), D (2860), ...

Bottomonium(-like)
My Y;(1D), Y,

Light-quark mesons, baryons are not included in this table.
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Hidden c¢ or bb : Production at B-factory Experiments

C-quar
Hadronic decays of B meson Bomeson %/
—
e\ ISR
e'e” annihilation processes _— . C-odd
ISR processes © )
double charmonium production & (cc)
—
Y (nS) decays <
et (CE)'
Two-photon collisions - C-even

ar \ iy
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X(3872)
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X(3872) and 1ts properties

First observation @ BELLE Belle, hep-ex/0505037
B-— X(3872)K-
X(3872) »>rntn Iy

X(3872) » yJ/y seen C-even

- 40fy Belle PRL91, 262001 (2003) CDF, PRL 96 102002 (2006)

300 [ , - CDF Il 360 pb’
| e S Jf
i ] — Jhy p (L=0

200_— ] % 200_"J1"$EEL:1%
i at 90% C.L. i %" 150 |— Multipole Expansions for c¢c:
: X(3872) : 3 100

o /37 events 100 | > 50
: 5 ol

ol 1, nf—r'dr'I L . A T i} x

0.40 0.60 0.80 1.00 1.20 -50t——- 0.'4 : — 0|6 0.|8

2
MJ/qHTTT_ MJllp (GeV) nn Mass [GeV/c']

nt mass distribution — p like

JP=1" and 2 are favored
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X(3872) production modes:

Decay of B%: BF ratios and no-mass splitting

Doublet X? (from a diquark and anti-diquark model)
B*—-X(3872)K" and B’ - X| 3872}Kg

—

First
observation %

Events / { 0.0025 GeVic? )
Events/ { 0.0025 GeVic? )

ity = 230 R T e e
Gk rom b MK ) BF XK BHBXK)
BaBar, 413 fb! +2.7+ 1.6+ 0.4 MeV/c? 0.41 £0.24 £ 0.05 PRD 77,111101(R) (2008)
Belle, 605 fb! +0.18 £ 0.89 + 0.26 MeV/c? 0.82+0.22+0.05 _ xiv:0809.1224

Belle: Mx =3871.46 +0.37 +0.07 MeV/c? M(DO) + M(D*O) =3871.80 + 0.37MeV/c2

CDF: M =3871.61 £0.16+ 0.19 MeV/c?
PRL 103,152001 (2009)
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X(3872) decay modes: y()y

PRL 102, 132001 (2009)

o ] o loﬁ_(b) ] 424 b1
Bt >XK* 2 13 I i BY-XKY%
X%J/\V y E" ““0 ! :; 0 : 'L n1e : X%J/\V y
it MT -
i { @ | ]
T v v v e R T RNEYTE
my, (Gercz) My (GeV.fcz)
<@ | 1o "e
> of 15
Bf—>XK* z " { + 12 s
Evidence of S OIS #m ] L . X
&) C L] My [ I % 2S
new decay mode . ' ?l+ + + ! sho | | | V(25)Y
I I3.8I a l?85| a I3.9I a :395I I I IS.BI a I385I a I3.9I I I:?.()SI I
my (GercE) my (GeW’cz)
B(B= — X(3872)K) X B(X(3872) — #(25)y) = [9.5 + 2.7(stat) = 0.6(syst)] X 10~
BF ratio, B(y(2S)y)/B(J/yy)=3.4 £1.4 Inconsistent with a pure

QD MESONZD NO*0 molecule state




vy modes from Belle

Belle , QWG 7(2010) ¥
772M BB Preliminary =
B
Bt >XK* :
X—=>Jyy
05535558 .:n'éfgz 395 4
. o (G .
3 3023 vy 3 o (2s)
B¥> XK= Ezﬁ IS E 16
3 20 3 14
X—)W(ZS) Y :Eni 15 E :g
:
NOT SEEN 57 4
Y75 38 385 39 395 4 Q75 38 385 39 395 4
M, (25, (GeV/c?) M, 25, , (GeVic?)
B(B~™ — X(3872)K~) X B(X(3872) —(2S)y) <3.4X107% (90%CL)
B(w(2S)y)/B(J/wy) < 2.1 (90%CL) Not in agreement with BaBar’s evidence

QD [ BaBar: BEXBF=(9.5£2.7+0.6) X 10



® J/y mode

X(3872) »>wlJ/y found at Belle

D

16 —

Belle, hep-ex/0505037
Just below the mass threshold | [Gymeg (=EEE SRS | ]
Covered by I'(w)= 8.5MeV 2 ol
BaBar confirmed with a looser mass cut form £ + I } | }
0.7400<m,,<0.7965 (B*) ]  aew Ty i + |
0.7400<m,,<0.8055 (B) | dnalvsis | BaBar, arXivi1005.5130 *® ) (MoV) =
LT T - — 426 fb-!
30F 2 3
Y . x3872), © TVORTT o — -
= 20F e 1 1 % - HE Pwave
ZF e Y(3940) =
o 10: — . Nonresonant -+ cmman | _________________ . .
[aa] L == ' =
T G = - ‘ i =
N = - ]
o, Pt E . 3
z [ B'—JivoK% ] = Of , - —
= 0.74 0.76 0.78 )
E m, (GeV/c)
z M(3m) distribution favors P-wave
JP(X) =2~ rather than 1" ?
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DYD*Y mode
Use D*Y -»D%Y and D% assuming known BF ratio

16T T

—
[~
7T

S 605 fb~" > b O 3
= b : = 12f =
o o™ o
= ] | | { {. I I ?—iﬁ 10: E

2 J._“_-—..'.J.__ e 4 [

0 | IRl SRR I AT I 2: 0y =T 1

122_ OE' |I]; [ ¥ vl AP DR AP
~ C 388 39 392 394 396 398 4
L 10f 00 : 2
E F D D" Invariant Mass (GeV/c?)
:of | 3875.1"%7% 0.5 MeV
IR | ,l_ [ ,L > 0.5

2t e ner s tans S <./ >

I I s s JF.FJ T .--JT--J BELLE

3860.8 3873.8 3877.8 3881.8 38858 23880.8 3893.8
M(D*D) (MeV/c?)

M =3872.9 ;06 04 MeV/c2, T = 3.9 28 402 MeV,

BR(B’-»XK)xBR(X—-D"D" = (0.80+0.20 £0.10)x10*

No significant mass difference from the X(3872) in J/y mtnw~ mode
I, ¥
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7,(4430)
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Events/ 10MeV

7(4430)": Charged charmonium-like state

PRL 100, 142001 (2008)

——
D

Vetoing K°s -

M(z*y') (GeV)

B — y(2S) K
B & K --- charged or neutral

00

BaBar’s Fits

K*’s and Z(4430) "H

0 AT,

)

in the Dalitz plane”

4
7 ()

B> Ill(QS]JT_KO'+

M = 4433 +£4 +2 MeV/c?
[y =45 -+1138 -+1330 MeV

Nsig =121 = 30 evts
y*/dof=80.2/94.0 650

-1 -'/1 1 | I Lol
10 08 1 12 14 16

Very serious
tetraquark candidate

my . (GeV/cZ)

OGAA

BaBar, PRD 79, 112001 (2009)

()

=
=t
3
£3 &
]
—

]
4.6 4.8

! 4I4 | I L -
My, 080 (GeV/c?)

BaBar’s “Belle-like”
analysis ~1.9c

BF(B'—Z'K)xBF(Z*—y(2S)t*) < 3.1 x105 (@95% CL)
No conclusive evidence for Z(4430)"

IVIESUNZU LU, Julle, ZUlU, O.uUc€lldlid
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Belle’s Dalitz Analysis

K*s included in the analysis:

k, K*(892), K*(1410), K*(1430),

K*,(1430), K*(1680)

M2(rrty’) GeV?

20

10

M?(Kn) GeV?

605 fb-!  [Belie]PROE003H104(R)(2009) 1

Belle confirms the original {—B

result of Z(4430) with 6.4c ™==
M = 4443 #1519 MeV/c?

Sum of 3 slices (K*'s veto) -12 -13

— +86 +74
= 1078674 MeV
The width gets larger than
the original, although

the uncertainty is large

ra S
el b b b b b e ey

u_ll 'l 1 =
14 15 16 17 18 19 20 21 22 23

M(x*y), GeVc*
Fit with Z BF(B'—Z K)xBF(Z*—y(2S)r*)

— (3.2 +1.8+ 5.3) ><10'5
-0.9 -1.6

CO0Q0) MESON2010, June, 2010, S.Uehara 14




X(3940)
Y(3940)
7,(3930)

CO0Q0) MESON2010, June, 2010, S.Uehara
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not seen in ®J/vy

N/25 MeV/c?

The X,Y,Z near 3940 MeV

not seen in DD*

probably

X(3940) gifferent ™ Y(3940)

e*e- > Jhy DD*

i /\\%ﬂiﬂ +‘H + ﬁ i + ++++ e b

A A

4.5 —_—
e M(DD¥)

B-2>oJvyK

M(wdfy

M(wJ/y)

M = 3942 *7,+ 6 MeV
Tt = 37 228 £12 MeV

Nsig =52 *3¢ + 11evts

M=3943 + 11 + 13 MeV
['=87 £ 22 + 26 MeV

PRUto0, 202001 @oog) (000

Events/10 MeV/c2

Probably the y.,'
Z(3930)

Yy > DD

4= - r
0 +—J Dl P et e b T
3.7 3.8 3.9 4 41

ik

“ M(DD)

M =3929+5+2 MeV
[t =291101+:2 MeV
Nsig =64 + 18evts

MESON2010, June, 2010, S.Uehara



X(3940) 1n Double charmonium production

Tag a J/\II Belle PRD 70, 071102 (2004)
Belle, PRL 98, 082001 (2007)
e (cc) C-odd J/ |\
% 20 a) DJ'EC DRSSGC
et X (cc)’ C-even anC? X? §
Z L
e . " —
! g b) Drec ﬁ:ssac 2
o (coy C-odd X? (suppressed) 32
8
=
Recoil masses Here is /
ceolt i X(3940) — DD*—3
distribution \ g
Ny qan | X(3940
5-:150 n(zs) (3940) } { N
N100 i =
= o
B
=
50
ey ey P M(D") D) ' GeV/c?
%2 2.5 3 3.5 4 4,5 MESON2010, June, 2010, S.Uehara 17
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Y (3940)— wJ/y confirmed

(BaBar, PRL101,0820017(2008) | _ BaBar, arXiv:1005.5190

 wl v BT D>K ol & s B
st H { 2400 3
= i =
S wol — . z [
T T EaNTEE
R s L
0 Y ————  Ia T
i —t—t—+—+—+— BoeKst/\V—é m\) 0- ] Data' +—t
© w0 b) ‘ 7 g TREEs
> : 4 =70 e Y(3940) i
= i u& l» l\\l\ { \I\J . E — - Nonresonant -
S 200 ~ 2 ]
o /l/ ﬁ J i
E — B ¥ eV — . . . . ]
M(eT/) (GeVie) 4 12 Iy 16 8
my (MeV/c%)=3919.1 ; ,733(stat) £2.0(syst)
Mass (MeV) I' (MeV) , y
B ” ]'_‘Y (ME\I‘T} = 3 1 _E+1G(5tat} i; (S}"St}
clie 3943 +11(stat)+13(syst) |87 £ 22(stat )+ 26(svst) — —
253 b’ ¥a] Comparing BF ratios, B(wJ/y)/ B(DD*),
BaBar 3914.6 38+ 2.0 3441245 ~ in the X and Y production processes
350 fb* 34— -8 — X(3940) and Y(3940) are different sates

m I‘ Belle, PRD 81, 031103(R) (2010) Uehara 18



vy — Z(3930) —»DD confirmed

35__ T T T T | T T T | IL_

F | T
| ol 384 fb w__
ol : : —_ T T L AL L B N [N B B B
S o5f 7 < SPIN=2 | B4 B4R
2 © E 1 20 Helicity=2
E = 20F | 76fl7events 7 £ '
=T 1t 5.8c 1 =15 'SPIN=0
% 15[ + |
.E I "\___
=
0

N k] 4.3
M(DD}) (GeVic2)

é": M(DD): 3.91 - 3.95 - 5 E&E 0

B ) ok it N ‘
= 4 4.2 0 02 0.4 0.6 08 1
il -0) ‘ m(DD) [GeV/c?] lcosf
e L 9 m(3930)=3926.7+2.7+1.1 MeV/c?

P 5 I'(3930)=21.3+£6.8+3.6 MeV

T, -BF(Z(3930—DD)=0.24+0.05+0.04 keV

m(3930)=3929+5+2 MeV/c2 _
wred 1'(3930)=29+10+2 MeV Belle and Babar results are consistent

r,-BF(Z(3930—DD))=0.18 +0.05+0.03 keV
Confirms that Z(3930) = .,(2P)
CO0Q0) MESON2010, June, 2010, S.Uehara 19




Events/10 MeV

Peak in yy =2 ol/y

2 { W<3.95GeV (b)

‘ TS TN e

2

12

12 F
10 __T
mh
all
y

Events/ 10 MeV/c2

o o

T T

L
= — — .
— = 1

-
<«

: S
I i L
B, |V L
0 M(I+I'?'(:IG Vi) %6 07 08 20.9 1 o + H +L ++ *
M(3n) (GeVic=) 0 0.3
694 fb! |z pt | (Gewc)
:z 3 M: 3915 £ 3 2 MeV, | Two-photon production
o b =l [7: 17+ 10 £ 3 MeV, of Y(3940)?
8 b N, =49 £ 14 £ 4 events
6 Signif. — 7.70, or
z Y S New decay mode of
03.55 f:-:-a ----- 395 _ -;ma = '4 1_;- --1 5-- 4.2 u_:.'zﬁﬁ :.5 Z(393O)/XC2(2P)?

0000) | MESON2010, June, 2010, S.Uehara 20



Y (4140)
X(4350)

CO0Q0) MESON2010, June, 2010, S.Uehara
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Y(4140)— ¢ J/y

CDF observed new charmonium-like particle

m¥o K*) (GeV%/c?

-5.07

«. 18
?9: 162— Q:Eg
§ 14;_ - | ] »
I 12 ”e s » .
g o
g F [
= I .
C 42_ ‘l """ l ’ l # l !
2t 1I5 1|B 2|0 2|2 2|4 2 3 “--“_ l .......................... l .JL h
m2(J/y¢) (GeV?/c?) B"‘_)J/\V (I) K+ e « B ¥ R * S VT S VRS A
G °F 14 £ 5 events (3.80) M(J/y 9) (GeV/e?)
25 b) from 2.7 fb!
o6 CDF Belle Preliminary
®B 5
§ : M = 4143.0 2.9 +1.2 MeV/c2 BF(B _)YK)EF(Y_:J/ Vo)
T, =117 83+ 3.7 MeV <6 x10° (@90%CL)
S 1
0

1112 13 14 s Dg* Dg* molecule or tetraquark ?

M(uuKK) - M(up)(GeV/e?)
(0000 MESON2010, June, 2010, S.Uehara




Search 1n yy process

Yy— ¢ Jy

Entries/25 MeV/c?

Belle: Y(4140) not seen 1n
two-photon process

Instead, a new peak is seen
at around 4.35 GeV myy —»>¢ J/y

M=4350.6 "5+ 0.7 MeV/c?
=13 1844 MeV

N,

M(I" I) (GeV/c?)

4.4 4.6 4.8
M(oJAy) (GeV/ic?)

32 11—
3.15 E
i :
305==- R " n —
3g-uiu'"|.u.;=...|.,,—
1 1.02 1.04 1.06 1.08

M(K* K) (GeV/c?)

MESON2010, June, 2010, S.Uehara
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Wai Upsilon

Y, and Y(5S5)
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Large “Y (5S)” > Y (nS) n*n~, or Y,

Y (5S) > Y (nS) wn- D
o Then, the energy scan
Belle, PRL 100, 112001 (2008) BeLLE

DONE in 2007 by Belle
Process [' MeV)

“Y(5S)”—>Y(1S)nm | 0.59+ 0.04 = 0.09
“Y(5S)”>Y(2S)nr | 0.85+ 0.07 £ 0.16

R, = ofbB] / o*[uy]
e o

(] S

1

“Y(58)"—>Y(3S)nm | 0.52+ 920+ 0.10 T
10.?él I .11].3. ' I'II'D.B!-S I I'IG.BI = "il].ﬂ'lﬁ HE{GE:;]I.GE
Much larger than
['(Y(4S) >Y(nS)n ) ~ O(1keV) Y (5S) peak from the Belle measurement
mass= 10879 + 3 MeV/c?
. . . — 9
A possible explanation: width =46 " MeV
another state Yb
decaying —» Y(nS)nn

CO0Q0) MESON2010, June, 2010, S.Uehara 25




Energy scanofe’'e—> Y (nS) mwrn-

= 0.012
= (c)
B 0.008 — M-Y(2S)AR- - - - - -~ - .
% Cooel A YGSEE 13 Babar’s energy scan
% 0.004 |~ ---------------- = Sy oo bb Cross section

0.002)— - }._14: }t_ v

"""" - ' = This structure may be
0:009 MR B B E el |¥. T related tOYb byA.All et al.
10.75 10.8 10.85 10.9 10.95 11 11.05 PLB 684, 28 (2010)

Vs (GeV) _ s
Fit Y(nS)n*r~ with Y(5S) parameters ~
--- poor agreement

0.5

because of Yb ? N :
M = 10888.4 *27 + 1.2 MeV/c?
['=30.7 3 £ 3.1 MeV LSO oot
(AM= 914 MeV/ 02) TR T A T U S ¥ li% [GE'I‘u:'j ,

(0000 MESON2010, June, 2010, S.Uehara 26




Ne Ny, and Y(1D)
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N. properties from two-photon production

vy =M.~ KSK'T™ No-tag mode —[BaBaRPRD§H052010/2010)}

WEIGHTED AVERAGE
2980.3+1.2 (Erfor scaled by 1.7)

N = 14450 + 320 + 400 events

WEIGHTED AVERAGE
26.7+3.0 (Error scaled by 2.0)

400 il b iy i

1¢(15) mass (MeV)

200

PDG

2.8 29 3

3.1 3.2

2
My, (GeV/c?)

BABAR(88 fb'")
BABAR(470 fb1),

2
X
2 UEHARA 08 BELL 01
~ 1000 — x WU 06 BELL 6.1
& - UEHARA 08 BELL 47 wu 06  BELL
e - ABE 07 BELL - ASNER 04 CLEO 02
> i wu 06 BELL 66 AUBERT 04D BABR 94
‘ SWu 06 BELL 08 - AMBROGIANI 03 FE835 06
2 i ASNER 04 CLEO 086 BAI 03 BES 14
2 800 AUBERT 04D BABR 24 FANG 03 BELL 0.1
AMBROGIANI 03 EB35 2.7 - BAI 00F BES 30
o8] | BAI 03 BES 32 ARMSTRONG 95F E760 0.1
ol FANG 03 BELL 01 - BAGLIN 878 SPEC 69
— BAI 00F BES 23 BALTRUSAIT__86  MRK3
] BAI 90B MRK3 40 GAISER 86 CBAL _114
< 600 - GAISER 8 CBAL 06 393
a 28.0 (Confidence Level < 0.0001)
o (Confidence Level = 0.002) |
> 1 ! I 1 I -20 0 20 40 60 80 100
[8a 2950 2960 2970 2980 2990 3000 3010

ne(15) WIDTH

Mass, MeV Width,MeV

2980.3+1.2
2982.5+1.1+0.9
2982.2+0.44+1.6

26.7£3.0
34.3+2.340.9
31.741.240.8

BABAR : I'(n.—7y)B(1.—KKn) = 0.374+0.009+0.031 keV

PDG: 0.44+0.04 keV,

CLEO: 0.407+0.022+0.028 keV

N,

MESON2010, June, 2010, S.Uehara



Discovery of n, state

-1, observed by BaBar in 2008
In rare decays of Y(2S) and Y (3S)

BaBar, PRL 101, 071801 (2008)
10000 T |¥(§|S|) ?uy. nb —TTT Y(ZS) % y nb
3 | | | | = | | 3x more bkg but 7% -
o Booe 8000 Better separation —
zﬁuun 6000 | Yoz ! E
"gmu 4000 :
= 2000 2000 Xb]
'mg; e o N(Y28)=92M, 30 mgmﬂcance ' :
E, (GeV) 03 - | 07 08
Ny, 1S seen. from 109M Y(3S) from 91.6M Y(ZS) E, (GeV)
19 k =+ 2k (100) 12.8 k+ 3.5k (3.70)
M=9388.9 + 3213 + 2.7 MeV M=9394.2 + 4§ + 2.0MeV

Combined: Hyperfine mass splitting (1S) = 69.5 + 3.2 MeV/c?



Observation of Y (1D) —» = Y (1S)

Y('|"1 D)from 122M Y(3S)yt__ﬁ Y(3S) > vy Y(1D)
vl | o Dm BaBar, ArXiv 1004.0175, Submitted to PRL
3 1 T Earany B T
e |' | —-71, (2P)=yer(1S) ] Soop —sgae | H
8. I i | .......... o Y (1S) j{h(2|::‘) §4OI_ _
S |' =~ T(1S) | ) g1/ g
-.E._ 10 === (01T (2S) | —_ é‘izo?
;% I ‘( i # M ﬁm—lm;sso(léelv,fcﬂ) 0*; B 0.5 Icosﬁrl-l
o AN i | 4
102 T mase (GeV/A) L=2 P \
n 28+, Mass (MeV/c?) . ‘ }/
—_wy- [,
Y (13D,) |10151.6+!340.5 i ;
Y (1°D,) [10164.5+0.840.5|6.2c6| CLEO (2004) in vy Y (1S)
Y (13D,;) |10172.9+1.740.5 10161.1 £ 1.6+ 0.6 MeV/c?

CORBD
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Summary

Recent updates and New Topics:

X(3872) : No mass splitting, production / decay modes
— y(2S)y seen at BaBar, not seen at Belle
— oJ/y  confirmed
7(4430): No evidence from BaBar
Confirmation with the Dalitz analysis by Belle
Y (3940): Updated analysis
Z(3930) : confirmed : Z(3930) = % ,(2P)

CDF’s new particle Y(4140) — J/wd , not seen at Belle
New structures seen in two-photon processes, yy— J/yo and J/yd
Y(5S) and Y, an exotic candidate with similar masses ?

Precise measurement of the 1. mass and width in yy
New decay mode Y(1D)—Y(1S)rn*n~ found

(0000 MESON2010, June, 2010, S.Uehara
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Backup slides
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KEKB Accelerator and Belle Detector
« Asymmetric e e* collider

8 GeV e- (HER) x 3.5 GeV e+ (LER)
Vs=10.58 GeV < Y(4S)

Beam crossing angle: 22mrad
«Continuous injection
sLuminosity
L 1ax=2-1x103%* cm-2s1

[ Ldt ~ 1000 fb1

(Jun.2010) = o e ey s
g
- Aerogel Cherenkov cnt.
SC SOlenﬂid \\\\\ eroge nzlg{se"l-'ll (?:;:)cn I Positron Target
1.5T — ) i Source
CsI(TI) | v et High momentum/energy resolutions
16X, CDC+Solenoid, Csl
TOF conter 5 RS el . :
=% N\ J Vertex measurement — S1 strips
8 Gev e g W SIS L o . Particle identification
. = Nennsmall cell +He/C,H,
N | &

Si vtx. det.
3(4) lyr. DSSD

TOF, Si-aerogel, CDC-dE/dx,
RPC for K;/muon
p/ K, detection

14/15 lyr. RPC+Fe

NS

BBCB-WS, Nov., 2007, S.Uehara, Belle



BaBar at PEP-I11

e'e—Y(4S) and
nearby continuum:
E ..~ 10.6 GeV

530 fb! in total ElectroMagnetic
1.5 T solenoid ' Calorimeter

Cerenkov Detector

e* (3.1 GeV)
(DIRC) — "

e (9 GeV)

——

Drift CHamber

Silicon Vertex Tracker
Instrumented Flux Return

(0000 MESON2010, June, 2010, S.Uehara




List of new particles of heavy quarkonia

Sequences of ordinary charmonia

4600

r 'S, Jly black: measurements
sooof IS. p, blue: predictions

.............
0~F 177 1+ gttt ott 9—F 9= g—— gt gt 44

JPC

Bottomonium(like) states
Ny, Y(1D), and Y,
Q000Q)

Ordinary-like charmonium
N(2S)  Z(3930)=x,(2P)
No clear charmonium assignment
Double charmonium production
X(3940) X(4160)
Decays with y(or y’)
X(3872) Y (4008)
Y (4260) Y (4320)
Y (3940) Y (4664)
Y(4140) and more ...?
Decays with y’(y.,) and Charged
/(4430)" Z.,(4058)"
Z,(4258)"

MESON2010, June, 2010, S.Uehara 35




Events/25 MeV

C=+ 1s established for X(3872)

X(3872) > yJ/y seen C-even
(in contrast to non-obs. of yy.)

20

Events/bin

Belle

o

/\ hep-ex/0505
e L + _+,. S -

3736

3928

4120

M(w/y) (MeV)

[(X—> yJW)T(X - rnJ/y) = 0.14+0.15 A small radiative width —unlikely for y’,

037

!
16 —

Belle

X(3872) »>wJ/y seen

H]

cDF Il 360pb” CDF, PRL 96 102002 (2006)

2501 X(3872) — Jlyn'm .
— J/y p (L=0)
20017 = =Jny p (L=1)

| Multipole Expansions for ct:

150
100

50

X(3872) yield per 20 MeV/c’

- : s | s s ; | s . . |
50 0.4 0.6 0.8

nn Mass [Ge\.‘;icz]

Even parity 1s favored from the nw invariant
mass distribution (p-type mm)

Indication of isospin non-conservation
Angular analysis of I"l-n*n~

P =1+
J'=1"is favored ../ cpr)

MESON2010, June, 2010, S.Uehara 36




Spin-parity of X(3872); 07,0 or 17?

Convention
* from PRD 70, 1+
094023 (2004)

o) v2/dof=11/9
g.oo COS@?O lcos8) 1.00

o= . b) v2/dof = 5/9

0.00 os6,| (o frame) 1.00 ) 10 |
|cosO,| |cosy| 5
ruleout 0" & 0—* . |
0.00 DE%OS lcosy] 1.00
X(3872) in B-decay = JPC =1+ /2%
Gm X and Z, Lake Louise, Feb. 2009, S.Uehara, Belle
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events/10 MeV

Spin-parity of X(3872); 07,0 or 177

12

X(3872) —»J/y

hep-ex/0505038 -

P=+1

MESON2010, June, 2010, S.Uehara
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Events / ( 0.0025 GeV/c? )

ul

DB.BZ 383 384 38> 386 387 388 3.89 39 3M

New production mode

Belle, Arxiv:0809.1224

B? — X(3872)(K*Tt™)yonres Observed 605 b1

M(J/ynr) (GeV)

K*(892) 1s not

significant

L l'l‘l‘lllLI.III'-.I.II-.I.I'1'I-|IIII.I.IIIIIIIIIIIIII..I Ly
06 07 08 08 1 11 12 13 14 1.5

M(Kn) (GeV)

BF(B® »>X(K" 7)) BF(X = Jy ) = (8.1 2.0 *11)x 106

BF(B? —»X K*%) BF(X — J/w ntr) < 3.4x1076 (90% CL)

14

K* is not significant, in contrast to B'—(J/y, ¢’ )K* decays etc.

N,

MESON2010, June, 2010, S.Uehara 39




7(4430)": Charged charmonium-like state

605 fb! PRL 100, 142001 (2008)

(9%
o

1| M =4433 £4 £2 MeV/c?
- _ 18 430

I Tt =45 :3 _+13 MeV

1| Nsig =121 £ 30 evts

1| x*/dof=80.2/94.0 6.5¢c

i
(=]

=y
(=]
T

M2(my') GeV?

Close to
M(D*)+M(D,(2420))
=4433 £ 1 MeV/c2?,

! 38 4.05 s .4?,’.3 455 438 F(D]) — 20M€V
M(r*y’) (GeV)

Boy(2S)ntK  (w=w(2S)), v I, Iy e BF(B"—ZK)xBF(Z*—y(2S)1*)
= 5
B and K --- charged or neutral =(4.1£1.0+1.4) x10

~—Events/ 10MeV

S

Veto the M(Kr) regions of K*(892) and K*(1430) A *“charged charmonium™!?
composed by [ccud]

Enhancement at M(my’) ~ 4.43 GeV Very serious tetraquark candidate

CO0Q0) MESON2010, June, 2010, S.Uehara 40




Belle’s Dalitz Analysis

Full Dalitz-plane analysis

K*s included in the analysis:

K, K*(892), K*(1410), K*,(1430),
K*,(1430), K*(1680)

23

M2(rhy') GeV?

M?(Kn) GeV?

QoD |

Events / 0.18 GevZ/c*

Events /0.18 GeV2/c*

Events / 0.18 Ge}%/c*

605 fb-!

Preliminary
Presented at QWG6 (2008)

Fit without a Z resonance:
CL=0.1%

L

I A B
16

16 18 20 22
MA(r'y), Gevret

MA(r*v), GeVerc* CL — O. 1 %
Any interferences among K*’s
cannot reproduce

the narrow peak

MESON2010, June, 2010, S.Uehara 41



Events / 0.18 GeV2/c* Events / 0.18 GeV2/c*

Events / 0.18 GeV?/c*

Belle’s Dalitz Analysis

60

Fit with Z

40

(a)

Events / 0.06 GeV/c*

o

""""" I P S

+

L1l --i"r"l"++'l"T"I'{”I”l"l+-

Events / 0.06 GeVZ/c*

A | T

(e)

16 18 20 22
MZ(n"y), GeVe/c*

CL=36%
6.4c significance

16 18 20
MZ(m*y), GeV2/c*

22

The fits in Kr mass with Z

05 1 15 2 29

1 15 2
MZ(K'nY), GeVZ/ic*

05 1 15 2 25
MA(K'n"), GeVZic*

No characteristic features
in view of K7t spectrum

MESON2010, June, 2010, S.Uehara
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Observation of D°Drt® threshold peak

Belle, PRL 97, 162002 (2006) 414 fb! BaBar, PRD 77, 011102 (2008)

IHI.'_J o 16F LA L BB N LA BN IR e
- ;3 14: _ X(3872) _E
il g F AlLD D" modes
= = 12F
2 20 z 10f ’
—+ o 8F
S (88 6E
w 10 E ot | !
[ ]
E e LU -
A % 0.0255  0.051  0.0765  OSESGNGrUibioshe o a2
MDD =2 M(D-M(n") GeV /o D 'D° Invariant Mass (GeV/c?)
+0.7 +0.7

M=3875.4 _i 0.7-1.7 £ 0.8 MeV/c? 3875.1 s * 0.5 MeV
Br(X-2>DDz%)
BrX=>nnJly) )4

' _ 2
2+ is less favorable A heavier mass by 3 —4 MeV/c

(D-wave needed somewhere in PPP) | than in X—J/y mn- observed
JPC = 1** favored

Q000 ) MESON2010, June, 2010, S.Uehara 43




N/20 MeV/ic

=

LA 7 A

g

10 |

[ X(4630)
\ 8,20

A

e'e =N\ ViR

o

695 fb'

{215 46 4.7 48 49

M(A; Ag)

5 51 52

State

M, MeV/c2

Ftot . BIH\?

X (4630)

Y (4660)

8+5
46347273

4664 - 11 £+ 5

40410
92—24—21

48 +15+ 3

N,

A popular nature of
Baryon-antibaryon
near-threshold structures

s o 8 R

L L L
PRL 97, 2420

o o
i
s

01 (2006)

Events/(0.05 GeV/c?)

|||||||

| .- |

No peak
for AA

MESON2010, June, 2010, S.Uehara, Gevie)

32 34 38 38 4

300

—r—

200

Cross section (pb)

++

100

!

42 44 f,'ﬁ 4.8 5
M(AZp) (GeV/c?)

PRL 99,142002(2007)

* BABAR

ee—AA via ISR

T,
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Additional two 'y, resonances (Z," & Z,")

Belle, PRD 78, 072004 (2008)

Fit model: all known K* resonances + two (y.,m) resonances

r=q 605 fb!
M2(Kn)<1.0GeV2  1.0GeV2 <M2(Kn)<1.75GeV? <>
50 = { ) 50 = (b} BELLE
45 E- a)| 45 E
& 40 ;_‘ 40E = (4051 + 14+20) MeV/c?,
G0 9 = (82344 MeV,
S gg = gg 3 Mz = (4248153 180) MeV /2,
Sisg 15 j , Ty = (177154+316) MV,
i1 10 10 Efh §
5 < T e N 5 = } B * _}+
D|||||||||||||T|||-| D||||||||]—|||“||||1"r BF(BO_)ZK—)BF(Z_)TCercl):

14 16 18 20 22 14
e data MZ(Xclni)

fit result
— — —background
""""" fit function w/o Z’s

N,

16 18 20 22

Mo(nt)  DEBE(Z) = (3 1557)x10°

BFBF(ZZ) — (4.04—2.34—19.7))(10-5
-0.9-0.5

Significances: one Z —10.7 ¢

two Z’s over one -- 5.7 ¢
MESON2010, June, 2010, S.Uehara 45




=" MeV/c?

Eve

e+e‘—>yISRn+n‘J/\y

Y(4260)

20

10-

e'e— Yqr Y (4260)

— T

233 {b™!

BaBar, arXiv:0808.1543(2008)

80

BABAR preliminary (454fb1)

} m%‘ ‘#m* ) q}rhr‘ H'”W”ﬂ"

9_' — 5
Belle, PRL 99, 182004 (2007) 7
- D)
&0 = ‘ ----- Solution
G ; = BELLE
v mimam Solution 11

Entries/20 MeV/c?

k=
f=)

ro
o

, M=4008 +40 *14 _, MeV
Belle’s =226 + 44 + 87 MeV
Two-peak fit | M=4247+ 12717 _,, MeV

M(" T JAy) (Gelic®)

70
60
50
40

Events / (20 MeV/c?)

||||||||||||||||||||||||||||||
——

30
2 s

10

- —i—
B ol
F

lil
i

g:lllllI
o

8.
BaBar’s single-peak fit

M=4252 £ 6 *2 _; MeV

=105+ 18 * MeV

Y (4008) is not evident.

Events / (100 MeV/c?)

| I5 4
m(etse Jp)(GeV/c?)

52

[=108 £ 19 £ 10 MeV

TR

|

MESONZ2010, June, zuivu, >.utndid

OT 08 09 ‘1 11
nErm)GeVie) e
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Entries/25 MeV/c?

Entries/20 MeV/c?
N

c

o))

no

Y (4320) and Y(4664), and X(4630) in Ac"Ac

Belle, PRL 99, 142002 (2007)

— —
o [$)]

(&)

4 45

M(T Ty (29)) (GeV/c?)

gt

L | IR
04 06
M(T* 1) (GeV/c)

0.8

Entries/20 MeV/c?

12

"y
0 O
T

T T
| (b) ‘__

M(n*n:) (Géch)

N/20 MeV/e®

1
L | | | P I | | ] |

91-5 46 47 48 49 5 51 52 53 54

M{(AL AD GeV/c
State | M. MeV/c2? | Ty, MeV
X(4630)| 4634515 | 92139119
Y (4660)]4664 + 11 + 5(48 + 15+ 3

Or, a popular nature of

M=4361 £9 £ 9 MeV

[=74+ 15110 MeV

M=4664 + 11 £ 5 MeV
[=48 +£ 15 £3 MeV

QD

Baryon-antibaryon
near-threshold structures
MESON2010, June, 2010, S.Uehara 47




ISR — DD ): from v states, and Y states?

BaBar, PRD 79 092001 (2009)

BF ratioes among y — D) D(*)

T T | T T T T | T T T T I T T T T | T
00 H 3 8 4 fb_l DB . Ratio _ _ Measurement
i | 1) B(y(4040) — DD)/B((4040) — D*D) 0.24 = 0.05 = 0.12
2) B((4040) — D*D*)/B((4040) — D* D) 0.18 = 0.14 = 0.03
3) B((4160) — DD)/B((4160) — D*D*) 0.02 = 0.03 + 0.02
4) B((4160) — D*D)/B((4160) — D*D*) 034 +0.14 = 0.05
5) B(y(4400) — DD)/B(ys(4400) — D*D") 0.14 = 0.12 = 0.03
i . 6) B((4400) — D*D)/B((4400) — D*D") 0.17 = 0.25 = 0.03
2 0 - ] No evidence is found for Y(4260)— DD, DD",D"D"
E C ] B(Y (4260) — D*D) 34
< - ] Y (4260) — Jivmtn )
%25__ ] B(Y (4260)) f_.-:'r_ )
g | ] B(Y(4260) - D'D*)
N SO e W i L o B(Y (4260) — Jfpnta)
Q@ K T T | T T T T | T T T T I T T T T I T i
i . - Belle, PRL 98, 092001 (2007)
20f D*D* 1 BL61 I
r ] b Belle: e'e DD, DD, D' D
10 L : 2F BaBar:e'e = DD, DD, D' D
i ] 10 o
I '}' TL Sum of two body
ol e e 81 l } open charm final states
6 -
m (GeV/c?) JE 'ﬂﬂ ] l
- Full reconstruction of hadronic part b }f F’ﬁ fﬂ{wﬁfﬂw
- Both charged and neutral final states 0 _;ld_ulﬁ)dl S A R #{%ﬁﬁ
2 44 46 48 5

- Fit by sum of y states with 8 4 4
fixed masses&widths from PDG (due to limited statistic., '

J(s), GeV .
............ R US| 48




ISR — D*D®™)(1t) measurements from Belle

Phjrs Rev. Leit. 98, 092001 (2007)

2
5]
hllw.'{?iﬁl'} GeVic
Systematic errors = statistical errors
sD'D*

complicated shape of cross section
clear dip at M(D"D") ~ 4260 GeV (similar to inclusive R)

sDD*
broad peak at threshold (shifted relative to 4040 GeV)

N,

Belle, PRD 80, 091101 (R)(2009) (05 f}y-!

efe o DD* 1t

[
L

MiD'D T GeVic

)/ B(Y(4260) — 7w 7~ J /&)

B(Y(4260) — D°D*~ 7
<9 (@90%CL)

No evidence of open-charm decay
of these Y particles found so far.

MESON2010, June, 2010, S.Uehara
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a(¢n'T) (nb)

(0 £,) (nb)

ss sector; efe—>Y(2175) — omn-

=2
%

<
2N

04|

| }“
iy H

. 0(1680)

l Y(2175)

’H

J
NHM ﬁ#ﬁﬁﬁﬂ | ;

¥y +ﬂ*ﬁ LU

2

2.5 3 3.5 4
M(opmrm )

06

04 |

! i
02 | WY

D
< />
Tt BELLE

2 22 2.4 2.6

M(47,(980))

BaBar: A clear structure above ¢(1680),
Identified as Y(2175).

m, =2.175 = 0.010 + 0.015 GeV/c*
I, =0.058 + 0.016 + 0.020 GeV /c?

BESII Mass = 2.186 £ 0.010 £ 0.006 GeV/c?
confirms | width = 0.065 + 0.023 + 0.017 GeV/c2

M(Y(2175)) = 2079+ 13 +79_, MeV/c?

[ (Y(2175))= 192 +23+%5 ., MeVi/c?

I I T I T T T I T T T I T T T
_ (b)
2 L - -
o :
< - B
=2 05 -
O-J:-- o |.| 'l*'l'-r i--u"n"r. -.!.'-\.‘:r.'. i i b
2 2.2 2.4 26 2.8
E'C-.M. {Gew
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