Heavy quarkonium and quarkonium-like states at Belle
and BaBar

A.Kuzmin
DISS 2010 04.21

Outline:
-Quarkonium production at B-factories
-X(3872)
-X,Y,Z,(3940)
-Charged Z states
-Quarkonium in ISR
-Upsilon scan results
-Summary



Luminosity at B factories
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Quarkonium production at B factories

Energy scan and Y(nS) transitions

Production from B decay

Production from continuum
Double charmonium production

Two-photon production

e%

Initial state radiation
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Conventional charmonium Exotic charmonium-like states
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2 Multiquark states
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= = Ce i two loosely bound charm mesons
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. EIE ) m— ’ » quark/color exchange at short
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Discovered at B-factories
N(2S), Z(3930)=x,(2P)
Exotic charmonium-like states
Double charmonium:

X(3940), X (4160
( ), X( ) — Virtual states at thresholds @,

Decays with y(y’): Ch : tates with ted b
- armonium states with masses shifte
X(3872), Y(3940), Y(4008), Y(4260), nearby D)D" thresholds Y

Y (4360), Y(4630),Y(4660)....
Charged charmonium:
7.(4430), Z,,(4058), 7.,(4258)

Hadro-charmonium

— Specific charmonium state “coated” by
excited light-hadron matter

Threshold effects
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X(3872)
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Discovery of X(3872)

X(3872) was discovered by Belle at 2003 in ntrtJ/y mass distribution and confirmed

by BaBar, CDF and DO0.
First exotic charmonium
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X(3872) propertles

B — Krte—w%w)J /1 B — ﬁ‘rJﬂJ
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605
M’ (MaV]

o ([ H : BaBar PRI 102, 182002(2009)
I N = | | SRR T L | B
R AUUANEUR IR AR Ul R
10{B° — KtmnJ/p 4 & - — Kgn 7r°J/w_ ‘% "'N .N
38 385 3.9 3095 073% 38 39 %95 2 0 T 2
mJ/yrn0) (GeV/cY) mJ/ynn) (GeV/eh) H 7 + ]
o M .+ .- =~ M, (violates isospin) =

3.8 385 39 3.95
my, (GeV/c?)
e Decays to J/v¢y, ¥ (29)y = C = +1

e Spin-parity analysis = JF¢ = 1t+,2-+
e Doesn’t decay to xc1v, DD, ~~, eTe™

e No charged partner, not an isovector
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Search for other decay modes with X (3872,

Measurement BT — X (3872)K* and B — X (3872)Ks

D
<o

BELLE

_" Doublet X7 ‘Belle Arxiv:0909.1224

605 fb—1!
413 fb~ 1!

B(B° — XK° B(B° — XK°)
B(Bi—>XKi)_0'41i0'24i0'05 B(Bi—:-XKi)

= 0.82 £ 0.22 = 0.05

(<0.1 for a molecule, 1 for cé, ccg, gg)
AM = 2.7+ 1.6 + 0.4 MeV/c? AM = 0.18 + 0.89 £ 0.26 MeV/c’

Mx = 3871.46 4+ 0.37 £ 0.07MeV />

Bt — X(ag72)K+ BY — X (3872)K s
N N
o © o
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D

X(3872) new production mode <o
Belle ArXiv:0809.1224(2008)

e B° — X (3872)(K ™7 )ngr observed

e B(B° - X(KTn  )Nr)B(X — J/¢pmtr~) = (8.1+£2.0" 1) x 107°
e B(B° — XK*(892))B(X — J/ymtn~) < 3.4 x 1076

e K™ fraction is small unlike to cc
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ﬂMeaSurement B — X(3872)K. X — J/9y, X — 1(25)y
'L BaBar PRL 102, 132001(2009)

424 fb—1

B(BT — XK¥) x B(X — ¥(29)7)

=(9.5+2.74+0.6) x 10 °
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Disfavor to DD* molecule
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M, >5.27 GeV

Events / { 2 MeVic? )
o @ B B

=

D*0 — DO

D*O N DO"}'

12
10

Events/2 MeV/c?

S N B Oy

o M = 3872.6705% +0.4 MeV/c? T =3.9725708 Mev

e No significant mass difference from X — J/¢mta~

Study of B — X (3872)(D**D")K

o UXE8TY) -

AllD 'D° modes _E

-. ] ] :
| [ ]
MR | z
39 392 394 396 3098 4

D ’D° Invariant Mass (GeV/c?)

 B(B" — XK)B(X — D°D*°) = (0.73 + 0.17 £ 0.09) Ay — 3875.1+%7 4 0.5MeV/ (>

—0.5

Still there is no clear understanding of X(3872)

More data is necessary

A.Kuzmin Heavy quarkonium and -like states 44



X(3940), Y(3940), Z(3930)
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= X(3940), Y(3940), Z,(3930)

<LoSS Belle PRI 98, 082001(2007)
—1

357 fb ete™ — JjpDD" 693 fb—1

Reconstruction J/v¢ — [T1™ T
Observation in J/4 recoil mass: fmi_
. " " |
Myec = \/(ECM_EJ/TP)Z_I)J/?J) :
10—
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TR ' ol

= [ _
Q1001 20l
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HC(S‘S‘.)? : | | | 1 1 1 1

eVt w02 —g
Potential models predict mass M(DD )
of n(35) ~ 100 MeV higher

ete™ — J [y Dt D* N = 93 gt12.3 (5.50)

v E —8.0
M = 4156155 £ 15 MeV/c?

My F expected contribution of ¥(4160)
= [ I = 1:39f,§§1 + 21 MeV 0.5+ 0.3

= &

e New state

F ik (T(é’ e~ — J/4X(4160))Byp = (24.2F128 + 50) fb

| Wl -
2 4 4.5 5

M(D" D) GeV/c>
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X(3940), Y(3940), Z(3930)

10 .

0/% Tt

3880 4080 4280
M(wJiy

M(wJhy)

N =58 L 11(> 80)
My = 3943 + 11 + 13 MeV
I'vy =87+ 22+ 26 MeV
B(B— KY)B(Y — wJ/4y) —
(7.1£1.34+£3.1) x 107°
B(X (3940) — wJ /1))
B(X(3940) — D*°D)
B(Y (3940) — wJ/4)

< 0.58

Events / 10 (MeV/c¢?)

Events / 10 (MeV/c?)

My = 3914135 + 2 MeV
Iy =347.2 + 5 MeV

Some discrepancy in M & I
General features agree

38 7 12 W
mJ/wa

15 é_
(GeV/cr)

e Radially excited cé&?
— Large Br(Y — wJ/4)
D™ D) decay modes expected to be dominated
e cc-gluon hybrid?
— D™ D®) suppression

— predicted masses 4.3 — 4.5 GeV

No evidence X (3940) — J/vYw

B(Y (3910) = D+oD) ~ 7t X (3940) # Y (3940)
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¢+ X(3940), Y(3940), Z(3930)
o< D _»
N
e -
Belle PRL 06, 0s20032000)  © - |
64 + 1;(5.30'} Q(B Eum Iﬂ‘_ BaBar
M = ool )| = 3929 + 5+ 2 MeV/c? Sast I'— prelminary
5, 3920 + 5 + 2MeV = #
? I = — e = 20 T vents =761
s " 29 4+ 10 + 2MeV I'=20+10+2 MeV 515 { 4|||J = E
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| |’ | Y
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2 N = 23.
b~/ 3.4/9 I —921.34 6.8+ 3.6 MeV Py [ ...... | ............... . .
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" sE B L
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Belle and BaBar results are consistent with each other and x.2(2P)
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X(4140)

CDF observed new charmonium like state in BT — ¢J /¢ K™

L\
1 14 £ 5 events (3.80)

M = 4143.0+ 2.9 4+ 1.2 MeV/c?
r=11.7752 £ 3.7 MeV
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Belle has not seen the Y (4140) in B decays:
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=
=
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B(BT - YK*) x B(Y — J/¢¢) < 6 x 10-°(90%CL)

Events / ( 0.01 GeVic?)
-
=

or in two-photon

o ] F =2 o

s B
|\I\|I\I|\I\|III‘III|\II| I
s —
s .
[
"' . L
—
S = w— —
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P 1 Lot
L B(Y — ¢J/i) < 36 eV for J¥ = 07 i Mﬁﬁi+1t e L
P _ + 41 4.2 43 M[Jld’-‘.‘; ¢ ) (G:.\f;l“:z' 4.6 4.7 43
5.3 eV for J 2 M(J/l//qo)
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B New states from two-photon study

7 Belle PRL 104, 112004(2000)
New peak in v~ — ¢J /9

- —. 0
J/p — 171 w— T w T B(Y — ¢pJ/p) =
~, 8L M = 4350.6 746 + 0.7 MeV/c2 67555+ 1.1 eV for ¥ = 0¥
> 1 I'=137"4+4 MeV 1.5707 £ 0.3 eV for J¥ = 2%
E °r N = 8.8+ 14753(3.20)
S 4 ccss tetraquark 271 7
Q0 - .
£ 2f D*T D7, melecule 7
W XH 2
0322 4.4 46 48 5 c2
M(dJ/y) (GeV/c?)
New peak in vy — wJ /¢
J/p - 1Tl w— rta—n0
694 fh™' I, (X(3915))B(X (3915) — wJ/v)
M = 3914 + ¢ 2 MeV/c? . ‘
. ;kl — 3.}14 j: 3 j: & ﬁ[fl’ Jff_, ((31 :}: 17 :}: 8) e\f fCJI‘ '}}J - O_r_
i £y -+2 g % - 4. /—v . > | . .
% =23 10'C Me) (18+5+2) eV for JE = 2+, helicity-2
Eg N = 55 4 1477,(7.70) Two photon
)
1 production New decay mode
of Y (3940)7 of Z(3930)7
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Charged charmonia
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7.(4430)" observation by Belle

| B — ¢(2S)n*K

3 3 | $(28) — LH, T/t
O = 1 Veto the K regions of
. 3 | | K*(892), K*(1430)

G c | |1

o 7 D ol n pllh A

= - e I

= LU sl I il

38 405 , 43 ) 455 48

Enhancement at M (w’) ~ 4.43 GeV
Naiy = 121 + 30 x2/Nyos = 80.2/94.0 6.5 o
M =4433 + 44+ 2 MeV/c?;, T =45710120 MeV

B(B® — ZtK)B(Z+ — (28)nt) = (4.1+£ 1.0 £1.4) x 10~°
Tetraquark (ccéud), DD molecule?
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Search Z(4430) by BaBar
Detailed study of K system B — ¢(28)r*K

e ] B /e K e
S'VED B —)1p(2S)nK
© C I i 4UU} 8. —:
= 10° F (892K (1430)  <f: | -
E - 300: .q-i —:
Elﬂzg 2003 I3 ?- _f
= o r I 1 1) 1o :. ol ? 7
g oo ] [T Jée IR T ' —
m 1 » -
o
- K'(892)+K’(1430)
1of veto

1 [ | 1 1 1 1 | : 10 '.'-1.'"";. ;;-‘- i+ l“‘
1 1.2 ) 14 1. -... i _|:n. oot (71130 .

m, - (GeV/CZ)' | RS S
) M(y(2S)T) (GeV)

B(B° —» ZTK)B(Zt — ¢(28)x1) < (3.1) x 10~°
BaBar and Belle values differ by 1.7 o(without systematic)
No conclusive evidence of Z(4430)*
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Integration over 1) decay angles
Dalitz plot analysis:

K bound states:

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

23

22

21

20

19

18

M2 (y(28)r"), GeV/c?

17

16

15

14\III|I

o

7(4430) Dalitz analysis by Belle

Sum of 3 slices (K*’s veto)

- With Z
50 — Without Z
o wl
> L
8 B
Q ol
s
g 20—
101
_III|-|III||III||III||II|||II|IIII|III|IIII_T_I__

o1-4 15 16 17 18 19 20 21

. W(x"v), GeVZ/c*
Belle confirms the previous

result of Z(4430)
M = 444375137 MeV/c?
I'=109"55T27 MeV

22 23

25 3 B(BY - ZTK)B(Z1t — ¢(2S)nt) = (3.275515%) x 105

Fit with/without Z(4430)+ 36%/0.1%
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E New charged Z’s decaying into ¥y,

2 1. B->K R+Xc1
z Integration over v decay angles
: Dalitz plot analysis:
Zg 19 K7 bound states:
o r, K*(892), K*(1410), K (1430),
= bl K (1430), K*(1680)
1o a0F
3 35 |
MAK ), GeVA/c? N§ 30 £ J,
No discrimination between J=0 or 1 § 25§_ ‘ |
= (4051 + 14*2) MeV/c?, g 202— { k '
= (82737130 MeV, g 15 rd v H
= (42487 47180) Mev/ 2 G 10E e + + i
= (177*5316) MeV, 5E¢ %H o W
6

%

3.8 4 4.2 44 46 4.8

with the product branching fractions of
M (x., "), GeV/c®

BB =K Z/)xBZ/ —=7* x,) =301 12137y 1073,

BB"— K Z7) %X B(Zf =7 xo) = (407331 19T) X 1075,
0.9-0.5 : : :
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ISR at B factories

*  Quantum numbers of final states are fixed J PC = 1--

* Continuous ISR spectrum:
— access to the whole energy range
- @, suppression compensated by huge luminosity
— comparable sensitivity to energy scan (CLEO-c, BES)
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N/ 50, MaB/c2

(=1

Ln

Events / (20 MeV/c?)

PRL95, 1420012005\
arXiv:0808.1543

~ PRL99, 182004 (2007)

I Y(4260) WS

Ll
5.2

M(J/yrr), GeV

PR RS RATRI AU RS
42 44 46 48 5

54

M@y, GeV

« Noroom for Y states among 1~ ~ charmonium

= y(4040); 2D,

338,

=y(4160) ; 43S,
masses of predicted 33D, (4520); 53S, (4760);

= y(4415)

4°D,(4810) are higher (lower)
*  Absence of open charm production ...

are inconsistent with conventional charmonium

PRL98, 212001(2007)

N /25, MaB/c?

M(y(2S)n'), GeV

PRL 99, 142002(2007)

'Y (4360)

M(w(iS)n ), éeV

e'e— Jyn'm Y
Y (4260)... Y(4008)?

State

M, MeV/c?

Iice, MeV

114
4008 + 4034}

226 £ 44 + 87

\ Y (4260)

4259 + 872

4252 + 612
1

4284717 +4

17
4247 + 12137

6
88 + 2319
105 + 1872
73730 =5

108 =19 +=10

ete— J/y 7'z qp is on the way

e Y2 Yy
Y(4360), Y(4660) ...

State M, [MeV/c?|  Tiu, [MeV]
& v(43060) 4324 + 24 172 + 33
Y(4360) | 4361+9+9 74+15-10
MAE v(4360) | 4355+9+9 103+17411
Y(4660) | 4664+11+5 48+15+3
B3% Y(4660) | 4661:2+6  42717+6
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Y states vs inclusive & exclusive cross sections e e —hadrons

R(s) = o(e*e-—hadrons)/c(e*e —pp) - R 4

S gt 1 i BES(2002)
A i3 iigi¥
N
T El N
2 - Lo 'S
- MW S b i 8
;'Tﬂ:;: WM £y
i WH 1
o L1
3.8 4 42 44 4.6 4.8 5
if R,4,=2.285+0.03  Durham Data Base (s), GeV

Interpretations of Y states

. Conventional charmonia with shifted masses

. Charmonium hybrids

—  The lightest hybrid is expected by LQCD around

4.2 GeV
—  The dominant decays Y(4260)—D®D®x, via virtual
D**
*  Hadro-charmonium
*  Multiquark states
*  S-wave charm meson thresholds
B(Y (4260) — D*D)
e B(Y(4260) — J/ontn
(31‘? B(Y (4260) — D*D*)
— B(Y (4260) — J/v¢mTn

PRD 79, 092001 (2009)

D
<o
= BELLE

| | : -
= | | : I PRL98, 092001 (2007)
3 : o .
T o T :
}I++1'|"|' g 3 : D™D
S |
| +| >~ | E
b
| T : :
CET gl e .
L ] L. | T

i)

Peak positions for M(J/ynr) and M(y(2S)nt) are
significantly different

Y(4260) mass corresponds to dip in inclusive and
D*D" cross sections

Y (4660) mass is close to A_,"A_~ peak

¥ | D
= 2 PRL101,172001(2008)
E T
S +a— +A -
z ¢ e e oA TA Visr
20
10
-] N
o vl b v b e b b v b e e |
45 46 47 48 49 5 51 52 53 54
M(AL AY GeV/e
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Exclusive efe = DDt cross-section via ISR

- PRD 80 091101(R) (2009) * No evident structures: only UL’s
17 y(2e0) « Baseline fit:
w(d415) ‘~> RBW for y(4415) & threshold function for
0.5

non-resonant contribution without
interference between amplitudes

..... To obtain limits on X—>D’D*r*,

| LAt X=Y(4260), Y(4360), Y(4660), X(4630) perform
0 .....................................................

four fits each with one of the X states, y(4415)
and non-resonant contribution

£ a2 14 46 as
MDD 1"
disfavor hybrid
interpretation for Y(4260)

o(e"e—y(4415))xBr(y(4415)—DD* 1)< 0.76 nb at 90% CL
Br(y(4415)— D*D*n*) < 10.6 % at 90% CL

UL at 90% CL Y (4260) Y (4350) Y (4660) | X (4630)
olete — X)x B(X — D°D"—7+), [nb]|| 0.36 0.55 0.25 0.45
Boe x B(X — D°D*~7%), [x1079] 0.42 0.72 0.37 0.66
B(X — D"D* n")/B(X —nt 7 J/u) 9

B(X — D'D" " nt)/B(X — mtr¢(25)) 285 10s
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Heavy quarkonia discovered at B-factories

State M (MeV) I'MeV) JFC Process (mode) | Experiment
B-decays
n<(28) 3637 + 4 1447 ot | KKK =T) Belle(2002), BaBar, CLEO
X (3872) 3871.52-+0.20 | 1.340.6 1 K(ntx—J/¢) Jelle(2003), BaBar,CDF,DO
KDy
Y (3940) 29167 42 a1t 12 0/2' | E(wlfo) 3elle(2004), BaBar
Z1(4050) 4061717 B2 ¢ K(ntxc1(1P)) | Belle (2008)
Z(4250)T 4‘)45”‘“‘“’ 177772 ? K(ntx.1(1P)) | Belle (2008)
Z(4430)T 4443722 o7 .- ? K(mt4(28)) Belle (2007)
Double charmonium
X (3940) 394272 Ly 2 J/p(DD*) Belle (2007)
X (4160) 4156127 139 ‘”i{* ol T Belle (2007)
ISR

Y (4008) 4008 1% 226-+97 1 (e tn—J/) Belle (2007)
y(»lZUU:l 4263 + 5 108-+14 1 (wtw— J/) BaBar (2005), Belle, CLEO

(1360) 1353 + 11 96+42 1 (rt 4 (28)) BaBar (2007), Belle

X (4630) 4634 gut e Belle (2007)
Y (4660) 4664412 48415 il (wT 7~ (28)) Belle (2007)

Two photons
Xe2 (2P) 3927.2 £+ 2.6 24.146.1 2T+ (DD) Belle(2005), BaBar
X (3915) 3014 + 4 23 0.3 | (LTl Belle(2009)
X (4350) 435061 2" 135 ‘,;‘;;‘, 02 | (od/v Belle(2009)
Energy scan and Y transitions

n(18) 9390.7 + 2.9 ? o~ t ~ + (...) BaBar(2008), CLEO
v TR g 1= | #ta—T(nS) lle (2008)
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Summary

 In the experiments at B-factories more than 15 new quarkonia have
been discovered (both predicted conventional states and many new
exotic quarkonium-like states).

* Recent topics:
-Charged charmonia
-X(4160) in D*D*
-New narrow peaks observed in two-photon events J/yo and J/yé
-Belle has not confirmed CDF Y (4140)

Analysis of B-factories data is still going on...
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Y(nS)rn cross section (pb)

D
<o

BELLE

Y(5s) scan ‘Belle arXivi0808.2445(2008)

Suprisingly high T'(Y(5S) — w7 Y (nS)) were measured
B(T(55) — Y(1S)x+n~) = (0.53 + 0.03 & 0.05)%
B(Y(5S) — Y(2S)mtw~) = (0.78 & 0.06 £ 0.11)%

In December 2007 scan at 6 /s between 10.8 11.0 GeV

6 '
s b ¢ Y(1S)n Pl :
- Y(2S)nr . 14 i
4 E 4 v@sme ¢ Y(5S) peak
SE : P
JE :
1
° . . . . H
1075 108  10.85 108  10.95 T .05

CM Energy (GeV)

Reconstruction of Y(55) — Y (nS)r+tn—,
T('TIS) — u'!'u_

AM = M+p—ymtn— = Meutp-)

Yields extracted from simultaneous fit

/s = 10.8825 GeV

T‘:‘_ Belle prelimmary g F}::Hu.: prel mmary| 10f Belle preliminary
>2s » T(18)n*n = (585) = T(28)n"n <F Y(58) = Y(3S)n'n
U]
S:zu - S5
o 15 20 g
EEID 15 4
% 10 2:
5 5
i ST X YU T N 1 i Neees T
-0.1 0.05 o 005 01 -0.1  -0.05 o 0.05 0.1 -0.1  -0.05 o ) )
M'(V“—"‘ M‘.ﬁf].&"l] M_(VG_MT(?_S}] AN {\r'.f MT:ES]
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D The Y, (10889)

L= M = 10889.6 1 1.8 1. 1.5 MeV /c?
T =54.7750 + 2.5 MeV

2 . e Fit with 1 Breit-Wigner
~ 7 [ Fitwith common i and T, x¥/n.d.f. = 39.4/16 (floated mean and width)
c - S .
R ¢ Y(1S) 5 ;I with 3 i}oat.ed
0 5 B Y(2S)tn : + normalizations
(/)] R e ey
2 4 E L y@Esmn : Enhancement (for 15, 25 and 35)
5 3F + | at Y(11020)7  Comparison Y, vs. Y(5S):
g2 7 1 11 """"""""""" N, mean ~20 MeV higher
@ 1 S T * """ * """""" * """ width around 2
;: 0 E L I I | I L L | | L L L | I | | . I*. | | | | L L L L

10.75 10.8 10.85 10.9 10.95 1 11.05 S c s

CM Energy (GeV) Fit with 2 Breit-Wigners

o fixed to
:’ 7 [ Fitwith PDG paramefters, ¥2In.df. = 89.6/18 Y(10860) = Y(SS)
sef , R RREEEEEEEEE Y(11020) =Y(6S)
85 [ ¢ Y(1S) + PDG parameters
o "~ F M Y(2S)tn
a 4 E L Y@S)n . . .
o3 FE  Final state interaction
E 2 | t i 1 i or a new state?
| G —
c ~ t ' [ ]
; 0 = | ] i | | ‘. R T

10.75 10.8 10.85 10.9 10.95 1 11.05

CM Energy (GeV)
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Y(2175) ete— ¢mta— yigr

_ BaBar found clear structure above

G(0 ) (nh)

aldn'T) (nb)

=
a

0.4

:
le
5

021-

¢(1680)

H3{(2175)
\\

le I
'm *

[5¥)
3
th
. d
-
L
I

......

f,(980) > 7

Or 7070

-
LT

1.8 2

M g 50 (08

2.2 2.4

0y (GeV/c?)

$(1680) — Y(2175) M = 2175+ 10+ 15 MeV/c?
I =58+ 16+ 20 MeV

M = 20794+ 1377 MeV/c?
=192+ 0.023j§§' MeV

LI T L R R R R N I R e
P -

(b)

o(¢n'm) (nb)

o(¢f,(980)) (nb)

: 2
Mt (GeV/c?) Mo so(@s0) (GeV/e7)

Interpretations:

PDG 09:Y(2170) 33S, ss state? but predicted width ~380MeV!

hybrid similar to Y(4260)? tetraquark? ....

Other decay channels to be measured to clarify the nature of

Y(2175)
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angular distributions

B — Knta—J/y

£ £
7 5 s
5 £ 5
= 0 -
Ll Ll
g0 0.50 1.00 800 0.50 1.00
cosy] (p frame) g0 080 icose, 100 |cosy|
0~ t+ P-wave ot++ S(D) wave 1++ S(D) wave
oc sin? @ sin? ¥ o< sin? 6, o sin? 8; sin® x
X2 /Ndf = 34.2/9 x?/Ndf = 31/9 x2/Ndf =5/9

D_‘I', ot+t - quantum numbers are disfavored
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quantum numbers

X — pD.}/’tp — ﬂ+ﬂ_.}f"¢'J

Even parity: S-wave; Odd parity: P-wave

1 2 T T T T T T T T T T

Tm spectrum is more
consistent with S-wave

events/10 MeV

S-wave XEJX_Ndf = 43/39

ravre w2 N AE — =1 /9C

0.40 0.50 0.60 0.70 0gg P-wave x°/Ndf = 71/39
M(n"n) (GeV)

1Tt is strongly favored over 1~
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7(4430) Dalitz analysis by Belle

v, 80f : (@)
Contribution Fit fraction (%) Significance ‘% 3
— = — ¢y 60 -k
(Z(4430)7 b 640 ] g | ?
B _1lti‘ll 154 g A0 : o.:-+1 15 2 25
@
K*(892) 64.8138 huge & 2F ) t_%ﬁ_ +
K™ (1410) 55708 050 . ag CTE ok g BRI
0 L 2 + 2,4
K5(1430) 5.3+ 2.6 130 L M), GeViie
- +1.6 : o O0r
K3 (1430) 5.5+16 310 g |
D . S 40
K™ (1680) 2.8705 1.20 2 |
s 20F
Ll L
0 Ly |_|-'|‘Trljrr|‘|—|-|-|i—ﬁ—h« I
o5 1 15 2 25

MK ), GeVv2ict
Significance Z(4430)T = 6.40
Add K3;(1780), significance 4.70
But fit fraction of K;(1780) =6.6%(too large)

( B(K5(1780) — K7w) = 18.8%, B — Kiv' = L > 2)
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Belle Detector

SC solenoid n=1.015-1.030
15T
CsI(TT) §F 5 Gy ot
16, > S s

TOF conte

:.""ﬁ |_ i
8 GeV €__ogir™ N + =\ Central Drift Chamber
e N AN Memall cell +He/CoH,

W/ K; detection

34 lyr. DSED 14/15 lyr. EPCHFe

3.5 GeV eT x 8.0 GeV e™.

®
@ Loax = 2.1 X 10%*em 251
e Continuous injection

— 1.1fb~ ' /day.
e [Ldt~1lab™'

Aerogel Cherenkov cni.

Superconducting
cavities (HER

Belle detector
e X

KEKB B-Factory

ARES copper
cavities (HER)

ARES copper . Vg
cavities (LER)
~ TRISTAN
turinel

8 GeY e-3.3
Gey e+
Linac

Integrated Luminosity

1000
On-resonance:
4S:711 fb!
800
55:121 b
35:3 fb™"
. -1
600 L 2S:24 tb B
1S:5.7 fb r
=il 1
Off -resonance: 87 fb /_‘
400 // /_.
200 /4
0 /
1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1
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