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List of “XYZ.”,

Charmonium-like New particles

Sequences of ordinary charmonia Ordinary-like charmonium
4600 T]C(Z S) Z(3 93 O)Zxcz(ZP)

No clear charmonium assignment
Double charmonium production

X(3940)  X(4160)

Decays with y(or y’)

| X(3872)  Y(4008)
320“:_ FS, Jly black: meas:un:ements Y(4260) Y(43 20)
TR i | YOO Vidsed

T TEEEEEETY ee Y(4140)  and more .2

No correspondence or Decays with y’(y,.,) and Charged
Peculiar property 7(4430)" Z,(4058)"

— A candidate of Exotic states 7,(4258)"
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XYZ production processes at B-factory Experiments

—

Hadronic decays of B meson ~ ((Bemeson [
—
u,d
e. ISR
¢"¢” annihilation processes / i C-odd
ISR processes © _
double charmonium production — = < (co)
1 \uu} U\/UCI«)’D
et X (co)’
Two-photon collisions o C-even

ar \ iy
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X(3872)
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Discovery of X(3872) 1n 2003

Belle PRL 91, 262001 (2003)

[ 140fb-1; First observation @ BELLE"
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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]

cDFll 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)
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Events / { 0.0025 GeVic? )

Doublet X? Belle. Arxiv:0809.1224

B*—-X(3872)K" and B*-»X(3872)K. 605 fb-!
BaBar, PRD 77,111101(R) (2008)
a13fy1 | BF(B*—>XK?) /BF(B*—>XK*) = 0.82 +0.22 + 0.05

OMx = M(X from B*) — M(X from B?)
BF(B'—>XK?) /BF(B*—>XK*) = +0.18 + 0.89 + 0.26 MeV/c2

=0.41 £0.24 +£ 0.05 5
SM=27+1.6+04 MeV/c2 Mx =3871.46 +0.37+0.07 M@V/C
M(D?) + M(D*?) =3871.81 + 0.25MeV/c?

03 XKY
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First
observation
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CDF:
PRL 103,152001 (2009)

Events / { 0.0025 GeVic? )
2

M, =3871.61 £0.16
+0.19 MeV/c?

B_BE 383 384 38> 386 387 388 389 39 3M

M(J/ynm) (GeV) Quvv_ I\/I(J/\vm) (GeV) ON2009, Nov.-Dec.,2009, S.Uehara
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New production mode

Belle, Arxiv:0809.1224

B? — X(3872)(K*Tt™)yonres Observed 605 b1
- : K*(892) 1s not
% 3 significant
~ % 197 s . 3
L v L =

us I'I‘I‘IILI.III'-.IIIII'1'I-|IIII.I.IIIIIIIIIIIIII..I L
0 ril'.B 'DI.T o8 09 1 11 12 13 14 §|.5
382 383 384 385 386 367 388 389 39 3M M(KTC) (GGV)

M(Jyrr) (GeV)

BF(B® »>X(K* 1)) BF(X > Jy i) = (8.1 £2.0 *1:1)x10-6
BF(B? »X K*) BR(X — J/y ntn) < 3.4x10°6 (90% CL) '
K* is not significant, in contrast to B'—(J/y, ¢’ )K* decays etc.
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X(3872) decay modes: y()y

Bft>XK* 2
X=>Jyy é’
Bt—yXK* ¢
X—>y(2S)y 3
Evidence of E:‘

new decay mode

S

] o ] (b) ] 424 b1
st * 1% s + 1 B> XKY%
0 “"0 ]! % 0 |L ik i ] X%J/\'j y
i I T8l T i E Ty i
R N -
‘5-_..|....|....|....|._. ‘5-_..|....|....|....|..
3.8 3.85 3.9 395 3.8 3.85 3.9 3.95
my (Gercz) my (GeV.fcz)
]5 E_'('ﬁl) LA L L B L | '_'E qu 10 :_'('bl) LN L L L DL [*il}
1oL 1 =2
: * * 1 2 5
g 12 | 0 0
Lot Ll s BO—>XK?,
S_ 170 + + Pvf 0 5:_ _ X—)\V(zs) v
T R Y T YR Y T Y T TR YN

my (Ge'Wcz)

my (Ge\’fcz)

B(B* — X(3872)K™) X B(X(3872) — #(2S)y) = [9.5 * 2.7(stat) = 0.6(syst)] X 107,

BF ratio, B(w(2S)y)/B(J/yy)=3.4 £1.4 Inconsistent with a pure

N,

XYZ,HADRON: DOD)*0 moplecule state



D'D*0 mode

Use D*? D1t and Dy assuming known BF ratio
ArXiv: 0810.0358 (2008)

M, >5.27 GeV

Events / (2 MeVie?)
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M,.>5.27 GeV
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BaBar, PRD 77, 011102 (2008)

—_
ST

Events/2 MeV/c?
=

C i M |

Lo ] L L L e B L B [y

ey

X(3872) 3

S| i CEP RO R T P BT T T T T T
38 39 392 394 396 398 4

D 'D° Invariant Mass (GeV/c?)

3875.1°%7+ 0.5 MeV

M =(3872.677,+0.4) MeV/c* I'(BW)=(3.977270%) MeV/c’

BR(B’>XK)xBR(X—-D D’ =(0.73+0.17+0.08)x10*

No significant mass difference with the X in J/y n*n~ mode

N,
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7,(4430)
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7(4430)": Charged charmonium-like state

Veto veto 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?,

| 38 405 43 455 48 F(Dl) = 20MeV
M(z=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
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Search by BaBar using Dalitz analysis

Fits considering the distributions BaBar, PRD 79, 112001 (2009)
of the K* resonances in the Dalitz plane g .
400— -
L L L B B L -
4L _ ]
10 (b) B-,O_} 1|I(25]]T_K0'+ 3 300 _E
- I g 200(Lk —
§ 100 —;
D) ]
2 2000 ey —
E 100}
Z :
5 3
= N R
m " 38 + 42 4.4 4.6 4.8
]l]'“'l‘ T M, g, (GeV/c?)
08 112 , b4 16 BaBar’s “possible signal”
my - (GeV/cT) in “Belle-like” analysis
BF(B'—Z'K)xBF(Z*—y(2S)r*) < 3.1 x10-5 — ~1.9¢

(@95% CL)

No conclusive evidence for Z(4430)"
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Belle’s Dalitz Analysis
Full Dalitz-plane analysis 605 fb-! _

K*s included 1n the analysis: Belle confirms the original >
K, K*(892), K*(1410), K*,(1430), L

result of Z(4430) with 6.4c ™==

M2(mhy") GeV?

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

) . M = 4443 1519 MeV/c?
E 5 Sum of 3 slices (K*’s veto) -12 -13

22 F

o = 107,38%¢7* MeV

20; 40}

1o ' The width gets larger than

: F the original, although

b 20) the uncertainty is large

16 E r
: ol

15§ u""""

1_._1_0.... i SEISEE NI N 14 15 16 17 18 19 20 21 22 23

M(x*y), GeVc*
Fit with Z BF(B'—ZK)xBF(Z'—y(2S)r)
= (3.2 1% 33) x10°5
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X(3872) and Z(4430): So far known

X(3872) Z(4430)*
Mass ~3872 MeV ~4430 MeV
Width Narrow Moderate
Charge 710 +/—1
Production B decay ( to XK) etc. B decay (to ZK)
Decay at discovery |1y n'n W'
C-panty + N/A (- for a neutral partner)
Spin-panty probably 1+ unknown
[sospin probably not-conserved Non-zero
Mass close to m(D)y+m(D™*) m(D*)+m(D1)

Neutral and Charged candidates of
tetraquark or molecular states

Found in two-body B decays associated by a kaon
Decay to a lighter charmonium

N,

XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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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(Kr)<1.0GeV? 1.0GeV? <M?(Kn)<1.75GeV? </>
50 = { ) 50 = (b} BELLE
45 = a)| 45 =
& 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(XmTCi)

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

N,

16 18 20 22

M2ty DEBE(Z1) =G 1ggi)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 ¢
XYZ, HADRONZ2009, Nov.-Dec.,2009, S.Uehara 16




X(3940)
Y(3940)
7,(3930)
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The X,Y,Z near 3940 MeV

not seen in (DJ/\V probably not seen in DD* Pr'obably the Xcz'
X(3940) _qiterent-  Y(3940) Z(3930)
ete- > J/y DD* B%K coJ'/\y yy > DD

Events/10 MeV/c2

0 o ‘ ‘ :-='r~~', TN S ﬁ H | | ﬂ\\ \\ {
0 mﬁ%ﬁ +H++¢T++t+ik+iﬂ+ Tt o IM‘EDBJDf R 42|so | 03,-7 b - e Wis.s = j e m
h 4 M(DD43 S | . —* M(O)J/\l’) M(DD)
M(DD¥*) M = 3920+ 5+2 MeV
M = 3942 *7,+ 6 MeV M=3940 + 11 MeV [ =291+10+2 MeV

Tyor = 37 %28 +12 MeV =92 + 24 MeV

Nsig =64 + 18evts
Nsig =52 114 + Tevts PRLOA 1820022005 PRL 96, 082003 (2006)
_ CO0Q0) XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara 18




X(3940) 1n Double charmonium production

Tagging q J/W at one side First Analysis: Belle PRD 70, 071102 (2004)
Belle, PRL 98, 082001 (2007)
e (cc) C-odd J/ \|]

N% 20 a) DJ'EC ERSSOC 10
et X (cc)’ C-even anC? X? 553
Z [
e . " — I
):M/wi ) Codd J/\y .
L] g b) DJ'EC 5:5500 m s
o (coy C-odd X? (suppressed) 32
& 5
: P
Recoil masses _ >
X(3940) Here is : “
Others are... X(3940) —> DD*\>E
[le]
J=0, P=+ or —, C=+ (even) >
o150 n.(2s) X(3940)
3 Voo |
=

N/50 MeV/c>

M(D" D) GeV/c?

" B, . . ' |
2 2.5 3 3.5 4 4.5 -
M, (J/y) GeV/c? XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara



Ewvents / 10 {Me‘Wczl

Events / 10 (MeV/c?)

Y (3940)— wJ/\y confirmed

s ,BE>KEolny
f e
c_f M.MTL“H ! i“iim;
| lLTfT ﬂ -
H | M(d(’;)J/\y;(Ge\;/ﬁcz)
11

Mass (MeV) I (MeV)
Belle 3943 +11(star)+£13(svst) |87 £22(stat)+26(svst)
253 fb
BaBar +3.8 4+ +12 4
ap 1 | 3914 35£2.0 34 °2+5
Comparison:

Some discrepancy in M & I
General features agree

Looking BF ratios (— ®J/y)/ (— DD¥)
Different particle from X(3940)

XYZ, HADRONZ2009, Nov.-Dec.,2009, S.Uehara 20




vy — Z(3930) -DD

BaBar, V. Santoro, Parallel Session 3B, This Conf.

“; 3t 58e 384fbi
b r 1 b
o §3O§ * BA|.BAR S [ Tormca 1 @«Ban ]
=5 eI 1 %20 | | | nelicry=z | BABAR |
g 8.0 ! 1= | |
™ | 520 - ] _ Nevents =76:17 f % 121 ‘ SPIN=0 _
st 4 107 ‘ ’ .
AL~ J".'.J., ' \'h i w0 ... _ i = .. ] ' oo
T el 10 £ i } =R ,
§ M(DD): 3.91 - 395 Ge\(u":.fc? 5 f— i + "‘{. ‘ "' * _ 0 - i
- 0:.|.,.|.§Hih|," - L .
38 4 472 02 0.4 0.6 08 |C039|1
m(DD) [GeV/c?]
4 m(3930)=3926.7£2.7+1.1 MeV/c?
s Y0002 05 04 0.5 0.6 07 08 0.8 1 i r(3930)=21'3i6'8i3'6 Mev
|cos €% p—
I,-BF(Z(3930—DD))=0.241 +£0.054+0.043 keV
==Y m(3930)=3929+5+2 MeV/c2 .
r(3930)=29+10+2 MeV Belle and Babar results are consistent
r,-BF(Z(3930—-DD))=0.18 +0.05+0.03 keV Matches well XCZ’ expectations
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Events/5 MeV/c 2

New peak in yy=2>wl/y from Belle

W*& M .

1“ J21

N
@]

Events/ 10 MeV/c2
o o
| | | |
f
_._
——
{_

5
—
.
o
E
Fe

MI*1) (Gevic?)

694 fb-! 23‘

¢

03\*5

Events/10

a

3.

S| 1231107 MeV,
C t N,.,=55+14*2 _, events
Signif. = 7.7

10

0

3.85 39 395 4 405 41 415 42 425 43
XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara

M(37) (GeV/c2)

Events/ 10 MeV/

] 6]

M: 3914 + 3 + 2 MeV,

W (GeV)

| %MM

W<3.95GeV

o

[ II-\ PR ) i

0.1 0.2 03 0.4
12 pt’| (GeV/ic)

Two-photon
production of
Y (3940)?

or New decay
mode of Z(3930)?
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Y (4140)

CO0Q0) XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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Y(4140)—>J/y ¢

CDF observed new charmonium-like particle

40¢

—

Candidates/5 MeV/c?

m3o K (GeV%/c?

N NWw W
g O O o O
TTTT T T[T T I T[T TT I T ]TT

Yo

o O
TTTTTTTT

Y984

B™—>J/y ¢ K*
14 £ 5 events (3.80)
from 2.7 fb!

Candidates/10 MeV/c?

22 5.

24 5.26 5.28 5.3 5.32 5.34
2

O a4 N W e OO o0 N ® @

=k T TTI T[T I T[T T I T[T I TT T T[T T T T[T I 77177

11 12 13 14 15

AM (GeV/e®) =M(upKK)-M(up)

& .

o .

M =4143.0 £2.9 +1.2 MeV/c?

[=11.73343.7 MeV

|
16 18 20 22 24

m2(Jyo) (GeV3/c?)

Ds* Ds* molecule or tetraquark ?
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Entries/25 MeV/c?

Searches at Belle

B'»Jy ¢ K" —m

Events / ( 0.01 GeV/c?)

BF(B—YK)BF(Y—J/y)
<6 x10° (@90%CL)

Y=y o |

o

I S.5.=3.90, const. bkg

S.S.:Sz‘iz’q linear bkg
6 —Q Q+4.
N385 &
4 i '-.'s‘
&
. Y(4140)
e

4.2 4.4 4.8 48

M(dJhy) (GeVic?)

18—

sPreliminary

~

.
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.

o [ %) =N [=/] [=-]
S
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e
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. LY
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v e S
.
——— %
N [
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. H
"
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A

41 42 43 4.4 i5 16 a7

M(Jhy ¢ ) (GeVic?) M (J /l//(D)
Belle: Y(4140) not seen in B decays
or 1n two-photon

Instead, a new peak 1s seen
at around 4.35 GeV m yy =>J/yd
M=4350.6 #30+ 0.7 MeV/c?

N
L. H q‘wl |
' =E® = (33417944, |MeV
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Y (4260)
Y (4320)
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—

ete Y g I/

yISRY(426O)/Y(4320)

PRL 98, 212001 (2007)

ete™ Y srT T WY(2S)

N
>
233fb7 -
g Y(4260) RO Rt L. b 1 ]
LE 20__ ‘ 56 35 4 437 44 36 48 5 7] 298 1'b- :
! | I
f Lt Nl |
| ! D U *.NLHUE o SRR T Ees | Te e
98 4 4.2 4.4 46 4.8 5 ! I !
m(rr ) (GeVict) 45 3 55
f m(2(m)Ily) (GeVic)
g Z: BaBar’s Discovery Measurement
= M=4324+24 MeV
5 sl =172 + 33 MeV
g2 CLEO, BES data
it PRD74, 091104(R) (2006) =5 B
o e el PRL 96, 162003 (2006) sk 4260 INot seen in
_ M (n*n-JAy) (GeVic?) LoF | e e— —> hadrons
BaBar CLEOc g f w W} A
N 125423 (-80) | 13.6"%7(540) | = ¢ I f MHMH D %
Mass (MeV) | 4259 +8+ | 428450 +4 13 I Hﬁ(*uﬁ I L
- |
Width (MeV) 88 i 23 j_46 73 +;g i 5 2'57 I{:j_lsl I I .-II I I4.I2I I I4.|4 I416 4.ISI '!.5
CO0Q0) XYz, HADRON2009, Nov-Dec., 2 BES, PLB640, 182 (2006)




Updates of Y (4260)

BaBar, arXiv:0808.1543(2008)

Belle, PRL 99, 182004 (2007)

T — T Ng 80§ | | BABAR preliminary :
F ; D 3 454fb-! E
" 548 fb-1 </l § 705 ( ) =
' _ BELLE § ) = .
o 60 = ;. t'mems= Solution't - ﬂ 60 > | N -
% o BT Solution Il ; - + E
= | 0 _ 2 50 E
S 4ol ol - § - ' v .
g | | m OF } E
g 305 J ‘. H =
. .
2 i 1 ........... '--l. % Nlka {':
1024 4 o T
:I Ll | Ll | Ll | | Ll | L1l | Ll | Ll | | | Ll | I:
98 4 42 a4 46 48 5 52 54
m(rt Jp)(GeV/c?)
BaBar’s single-peak fit
M=4252+6"2_MeV |il 5 | |
r=105+18* MeV |l

Y(4008) is not evident. "

oy
=
T T T T T T T T

T T R N
8.2 03 04 05 06 07 08 09 |1 11

0.5 1 ) (GeVie)
+_- |2
M(n"r) (GeV/c®) Q11D XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara "




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 | | ] |

51 52 53 54
GeV/c

46 47 48 49 5
M(A, A

State | M. MeV/c2? | Ty, MeV

X(4630)| 46347815 | g2+40+10

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
XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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ete—>DD)

and Y particles
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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 | 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(if(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(4(4160) — D*D)/B(u(4160) — D*D*) 0.34 = 0.14 = 0.05
5) Bly(4400) — DD)/B(y(4400) — D*D") 0.14 =0.12 + 0.03
- . 6) B(1(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 : i B(Y(4260) — D*D) 34
= i ] (Y (4260) — J/onta)
%25__ ] B(Y (4260)) f_.-:'r_ )
g} ] B(Y(4260) - DD*)
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
r S - Belle, PRL 98, 092001 (2007)
20F D*D* : B8 I
C ] Sl Belle: e'e DD, DD, D' D
10 L : 2F BaBar:e'e = DD, DD, D' D
i i 10[ ;
i I C + Sum of two body
ol . Tt I T 81 l ﬂ } open charm final states
6|
m (GeV/c?) JE 'l']ﬂ ] {
- Full reconstruction of hadronic part b }f F’ﬁ fﬁww
- Both charged and neutral final states 0 ;Jkd B b rt #{%ﬁﬁ
- Fit by sum of y states with 8 4 42 44 46 48 5

. Js), GeV
fixed masses&widths from PDG (due to limited SIatistits; _y~+ =y + v votrervmvnny rvvne movnenvy, ~ JeNAra 31




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.

XYZ, HADRONZ2009, Nov.-Dec.,2009, S.Uehara
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%

02
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04|

|

’H

. 0(1680)

Y(2175)

W *

Loh ‘+‘+++.++*+u.++.*m+m+.+..m

f ]

ﬁ +++++ ++++ ;

ss sector; e'e—>Y(2175) >

O

PRD76,012008(2007)
BaBar: A clear structure above ¢(1680),

Identified as Y(2175).
m, = 2.175 = 0.010 + 0.015 GeV /2
I, =0.058 + 0.016 + 0.020 GeV/c?

25 3 35 4
M(pmrm™)

ALV
1.8 2

A
2.6

M(¢f,(980))

AN RV A
29 24

BESII Mass =2.186 £ 0.010 £ 0.006 GeV/c-
confirms | width = 0.065 + 0.023 + 0.017 GeV/c?
=y M(Y(2175)) = 2079+ 13 *79 ¢ MeV/c?
) [ (Y(2175))= 192 £23 *25, MeV/c?
T .- 'PRD 80, 031101(R) (2009)
i - [ 0 (b) ]
2 osf S :"-. ]
g DA;_ .;5;5 05 .
© o02f v .
Ecu. (GeV) Ecm. (GeV)
CO0Q0) XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara 33



Summary

More and more new states since 2003 from
Belle, BaBar, and CLEO, CDF, ...

Recent updates on XYZ resonances
X(3872) : Mass splitting 1s not found in decays from B mesons
BaBar results for X(3872)—>vyJ/y & yy’
7/(4430): No evidence from BaBar
Confirmation with the Dalitz analysis by Belle

Very New Topics:

CDF’s new particle Y(4140) — J/w¢ , not seen at Belle

New structures seen 1n two-photon processes, yy— J/'ww and J/y¢
vy— Z(3930) — DD independently confirmed

Unified analysis of e'e=—D®™D®™) for separating /Y resonance effects
CO0Q0) XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara 34




Backup slides
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KEKB Accelerator and Belle Detector

» Asymmetric e ¢* collider
8 GeV e (HER) x 3.5 GeV e" (LER)
Vs=10.58 GeV < Y(4S) and other energies
Beam crossing angle: 22mrad
*Continuous 1njection
eLuminosity
L .=2.1x10%cm2s!

—

J Ldt ~ 955 fb-! (2009-June)

@

= HER : High Energy Ring
l_‘ LER : Low Energy Ring
=

a8

Positron Target
Electron
Source

High momentum/energy resolutions
CDC+Solenoid, Csl
Vertex measurement — Si strips
Particle identification

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

XYZ, HADRONZ2009, Nov.-Dec.,2009, S.Uehara 36



events/10 MeV

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

12 hep-ex/0505038 -
+ —_
8 X3872) =»J/y ' Pt 1
Belle
4
N
040

68888 XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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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?

M2(Kn) GeV2

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

CO0Q0) | XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara 33



New Ds meson in Bf—D?DK*

>500 T qUSOD
s K s A pwe = @y s
: :E .I ] | 5400 + + 5400
o . | ) p— — -~ i) .
W ¢ .D(*m + B+ b 3 D[*}O E,aun . + 17 5300-
e S Wi e % O
5" b c "B(*)o o e Y :2"“' ] EZ"‘"
- - / Y K’ E1oo for gmo- ]
u v 2 |Mpc>5273 MeV 30| £ |[AE|<20 MeV -3c
0 005 D 005 5 %.2 5.‘22 5.‘24 5.‘26 5.‘28
AE (GeV) Mbc (GeV/c?)
— T i
° e [TRE T e T ] @
N new D 92 23 > >
> Q Q ]
> 7 E60 H, 1 =60 + + 1 <Seo} -|- ]
&)
c’::zo ] 28 -!- T B -l- 2 l.i.-!-HH-
ID — - + — — +
N HERTREE tel B
= S Jr+ : Jr I 3 1
15 (4160) .-|_ 1 820.- 820 ] 220 [ +-|-
@ (] [
09 | e o [+
(3770) 1§ ol Eo Eo
040 2 4 = 38 4 42 44 46 48 3 24 26 28 3 32 34 Z 24 26 28_ 3 32 34
M*(D"K") (GeV"/c’) M(D'D") (GeV/c") M(DK") (GeV/c") M(D"K") (GeV/c")

N,

XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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ete— K'KJ/y at Belle

PDG y(4415) + 1 BW:
T M = (4875+132) MeV

% OF r=(630=126)Mev  The figure is still not
2 &L clear. New resonance or
= | _.single BW: just
% ar -7 M =(4430+38) MeV gontinuum production,
E ,f =3B MeV o other mechanism?
! _ Larger data sample from
S T 5 55 6 future B factories
5 ] |
M(K™K'J/w) (GGV/C4) " should give an answer.
— I 35 ~, [
225F (a) ol R 8r (b) '_
@ 25 = gk - .
S ot M 3 I Similarly, KK
N 15 @ 4 . .
“isb | FI-a Invar 1ant mass tends
E cC
RIS T IETOUOE (1 o to be large!
4 4.5 5 55 6 1 1.5 2 2.5
M(K*KJhy) (GeV/c?) M(K*K') (GeV/c?)

T'(Y(4260) >e'e )-B(Y > K'K J/y)<12eV @ 90% C.L.
Belle: C.Z.Y & C.P. Shen et al"PREF?FIP1s(REy0 SUehara 40




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

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

o) v2/dof=11/9

0.00 COS@?O lcos8) 1.00

v%/dof = 5/9

0.00 o056 (o frame) 100 000 10 4o
cosBy,] ™ cosy

ruleout 0" & 00—+ _

X(3872) in B- decay = JPC = 1+ /2++cosx| osyl

CO0Q0) XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara 41




Observation of D°Drt® threshold peak

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

“u o T T T T T T

- ;3 14: _ X(3872) _E

B 0 | o AllD D’ modes

= = 12F

1£] "*Nca 10 - 5.

2 20 z 10f ’

+ S 8

S (88 6E

w 10 E ot | !

[ ]

t 4F H ‘ .

A 0.0255  0.051  0.0765 OSSR iGoyhihi e ioy el
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 m*n~ observed
JPC = 1** favored

(@YD), XYZ, HADRONZ2009, Nov.-Dec.,2009, S.Uehara 42




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

Events / 0.18 GeV?/c*

Belle’s Dalitz Analysis

60

40

20

30

20

10

Fit with Z

The fits in Kr mass with Z

(a)

o

1T

Im

A | T

(e)

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

22

=+
£
B
@
U]
w0
< S
e 05 1 15 2 2§
4]
=
)
=
B I}
r
D @ - 1 15 2
o M2(K'TY), GeV2/ic*
D
0]
@0
S
S
[ 2]
f =
f 5
| | --i"r"l"++'l"T"I'{"I"l"l+- | Lﬁ :
16 18 20 22 0_| i Il ek B 1 P Y. P} L
MZ(n"y), GeVe/c* 05 1 15 2 25

MA(K'n"), GeVZic*
CL=36%

. No characteristic features
6.4c significance

in view of K7t spectrum

XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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The fits in Kt mass without Z

Events / 0.06 GeVZ/ic*

Events / 0.06 GeVZ/c*

80

60

40

20

80

60

40

20

150} ©)

100 F

S0 F

1r1||||]r||||1r|r

| I |..I-.I--I--I--I--I-'F'I-I--l--

0
05 1 15,2 25
Z region

}++1

200 |
150 |
100 F

50 F

||r]r1||||r]r||||

I i o RE LR T R T BV Y

1 15 2 25
MA(KY), GeVe/c

MK "), GeVaic*

N,

05 1 15 2 25

XYZ, HADRON2009, Nov.-Dec.,2009, S.Uehara
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N/20 MeV/ic

LA 7 A

A popular nature of

_ Baryon-antibaryon
I +a— +/\ —
07 e'e—/N\ N\ Yier E near-threshold structures
o f(X(4630) S —
: e Lot PRL 07, 242001 (2006) _
: 8.2 W 695 fb-" 32 )
sl | &0 G5 ]
r h S1of
o E
B i :
0} A OO SOOI FUTIIE T
- 1 | | | | | 0 W 32 34 36 38 4 42 44 46 48 5
' | i PRI T AN S N U N A O U W O PRI N T U B B WA M.+ Gu..'
{31,5 46 47 48 49 5 51 52 53 54 “‘FPH eVie)
M(AT AD) GeV/ie .. PRL99.142002(2007)
No peak :
State | M. I\Ie\f/i.':2 I'iot, MeV p ot .. L
F8+5 +40+10 for A7\ 5 ++ ee—AAvia ISR |
X(4630)| 46347875 | g2td0+10 - ' + ]
Y (4660)[4664 +11 +5(48 + 15+ 3 JT
4
PR R T |4|+7|_+_| i

N,

XYZ, HADRON2009, Nov.-Dec..2009, S.Ugharas)

45



