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Introduction
Renewal of charmonium (properly, hidden-charm) physics last decade:
@ X(3872), 1T (or 2=1), D**D important in wavefunction
@ Y(4260), 1~ supernumerary state; hybrid candidate

@ many more claimed exotic candidates, including charged states

@ several new conventional states; (c€).s production still mysterious

© X(3872) studies
@ The state of play
@ Search for yxc1,c2 decays
@ Search for n) decays
© Searches for charged states
@ Some history
@ Search for ZT — 7T
@ Search for Zt — 1t

© ISR studies of 1~ states
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V{ELTPAN  state of play

X(3872): the old state of play at September 2006

BY@QWG2011; adapted from Nucl. Phys. (Proc. Suppl.) 170, 248-253 (2007)

@ narrow; prominent 7w v decay [Belle discovery; CDF, DO, BaBar]
o B(X = ntr=) > 4.2% [BaBar inclusive, PRD 71, 031501]
e < 2.3MeV (90% C.L.) [Belle discovery]
e M =(3871.2+0.5) MeV < (mpo + mp-) by 1o [WA; CLEO]
@ pp prod™: (16 £5 4 2)% b-decay, rest prompt; “’-like” [CDF]
@ X* not seen: not an isovector [BaBar PRD 71, 031501]
@ C-even, from X — 41 [Belle, BaBar] and 707t —1) [Belle]
o X — py dominates, L =0,1 [CDF M(xt7~) PRL 96, 102002]
o JPC =11t or 2=+ [CDF angular PRL 98, 132002]
@ Bt vs B — K X “needs more data” ™ [BaBar PRD 73, 011101(R)]
e X peak in B — KD®D %70 needs confirm” [Belle PRL 97, 162002]

e loose ends: 7070, v/, 77w 1., DD
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V{ELTPAN  state of play

X(3872): the new state of play at October 2011

BY@QWG2011; adapted from Nucl. Phys. (Proc. Suppl.) 170, 248-253 (2007)

@ narrow; prominent 7w v decay [Belle discovery; CDF, DO, BaBar]
o B(X = ntr=) > 4.2% [BaBar inclusive, PRD 71, 031501]
e < 1.2MeV (90% C.L.) [Belle PRD 84, 052004]
o M = (3871.71 £ 0.19)MeV “=%(mpo + mp-) [private WA; S < 1]
@ pp prod™: (16 £5 4 2)% b-decay, rest prompt; “’-like” [CDF]
@ X7 still not seen: not an isovector [BaBar; Belle PRD 84, 052004]
e C-even, from X — 1) [Belle, BaBar] and 707w~ 1) [Belle]
o X — pi dominates, L =0,1 [CDF & Belle M(rt7m) ]
o JPC =11t or 2=+ [CDF & Belle angular; note BaBar 797" 74 |
e Bt vs B® - K X: AM disfavoured [BaBar & Belle ]
o large B(X — ({V,WO}DO)D*OﬁO) [Belle & BaBar |

e loose ends: 7%, 4/, 7 7 1, {7, 7°}DD lineshape

— | radiative (disputed) & lineshape crucial for structure
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X(3872): results from the LHC ...

LHCb X(3872) production: EPJC 72, 1972 (2012) {arXiv:1112.5310v1 [hep-ex]}
from the 2010 data:

=
[o2]
(=]
(=]

L PP LHCb

pX € [5,20] GeV, é 14005 = 7 Tev
yX € [2.5,4.5]; S ok
o(pp = X + any) X Bxnny % 1000:_
=54+ 13+0.8nb; oo F

800
2.40 below 13.0 +2.7nb F
(Artoisenet & Braaten, 6005_
PRD 81, 114018 (2010)) 400E
mass measurement is 2008

H N L L L | L L L L | L L L L |

already 2nd-most precise 25 3700 3800 2900
(after Belle 2011) M(I/ T TT) [MeVic?]

myx = 3871.95 4 0.48 (stat.) & 0.12 (syst.) MeV /c?
cf. WA = 3871.71 £ 0.19 MeV /c? (private, from QWG2011/Darmstadt)
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X(3872) YXcJ

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

+» Earlier search for tetraquark partner (chargea—)’((§872)), no signal
was seen. Belle, PRD 85,052004 (2011)

¢+ However, many tetraquark models predict X(3872)* to be broad
and non-observed yet due to low statistics (?). 5 e gom

** X(3872) C-even parity prohibit it to decay into X, .,v.

% 1f X(3872) is tetraquark than its’ C-odd partner can decay into X, .,V

> In Belle previous searches (with less data), no signal was seen and

UL was provided.

£ E X(3872) Dy

3
3

140 fb!

Events /( 0.01 GeV )

£ 140 fb* Belle, PRL 91,262001(2003) H X(3872) Dy.v
sE
A B
et e :
EXT I T R Y R T R 73 w::;‘ga\ A% Bell. X}?(;;O:l;éu 3;‘3 LG;L:I]!QZ S623badhs
M, 1, (GeV/c?) elle, arXiv: 2y (GEV/C?)
I'(X3872-)xc1Y) I'(X3872-xc2Y)
I(x3872-J/¥rm) I(x3872-J/¥nm)

With 5 x more data either we can observe or provide much tighter
constraint to C-odd partner of X(3872)

6
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X(3872

Search for vyxc1,c2 decays

abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

Reconstruct B* (of interest)

To reduce background
» 1P veto
> X Vveto
-28 MeV < AE < 30 MeV

E, scaled (AE=0) to improve
the resolution of M

Xcl,c2y

28%2%27

b 263 26 384 385 38§ 387 3
c (Ge'//(_‘Q 383 MXﬂV?GeV/‘C )
MC for illustration purpose

389uséflip 7

Q2§§§§§§§?

YXecJ

» 2D UMLfittoM
signal yield

xcl,c2y

& My extract

> If some new resonance, it will

become visible in M

signal region.

B* DX VK*

MC

- My
- [3.85,3.89]

‘MC M,>527 Gev/c [ MC

i loavia)

Xxcl,c2y, n Mbc

My (GeV/e)
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X(3872) YXcJ

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

.5160:— o Narrow peak observed around 3820 MeV/c2.
E“‘O} ;’ o No strong evidence for any discrepancy
® F between data/MC, expect this narrow peak.
t 20—
I et Wo527Geve
100 — : ,
C B*DW’ () ,y) K*
80 —
- Narrow peak !!
60 —
0 - Combinatorial background
e
e e
0 F OO OO A
L by OO ; abieT gt 4T b,
0 3.6 3.8 4 42 44 48 48

MXC1V (GeV/cZ) 10
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X(3872

YXecJ

Search for vyxc1,c2 decays

abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

geof. BOW(x K | E
et ) B2V Slop UML Peak at
] BV (xy) K 3 3823.5+2 8 MeV/c?
s Combinatorial\( o fsu, ; DXL, e /C
80— g8 Peaking backggpun
» XaiKF Yield: 4.20 (syst. included)
o X, - )

33.249.1

™
K T TR A VL BT & et S8 b e

xclv (GeV/C ) Mbc (GeV/Cz)

<& Clear evidence of
signal at 3823 MeV/c?

Projection in signal region

’ [ = 446 MeV if fitted, poor sensitivity |

M, >5.27 GeV/c? ,\3.66 < MX€1V <3.708 GeV/c? 3.805 < M, ., <3.845 GeV/c?

W’ region

Events / (V.00 )
Events /( 0.00124 )

T X(3823)
of region

R

36

o o L
My, iGeV/cé) m,«?cvn) thc (Gé‘?/cz) 3 Gevie
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X(3872) YXcJ

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

W, below DD" threshold:
expected to have narrow decay )
width of 300-400 keV -

M) v
X :n Ju;Lmu
Opan Shar Wreghafd == e e
3600 = —
E S — states
8400 E oo = New states
3200 E [ Theory prediction
E D wsics, Ref. [13]
E s 888 DD Threshold
3000 LTS —X(3872)
L1 L 1 1 1 1 1 1 1
of T ot ¢ 2t 2§

- P
W,-> DD is forbidden due to parity-J

Mostly decaying into X,y .

S. Godfrey & N. Isgur, PRD 32, 189 (1985)
E. Eichten et al., PRL 89,162002 (2002),
PRD 69, 094019 (2004)
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C

3D, doesn’t have E1
transition to X,y

3D, mass is quite near and the observed peak ‘wz
has not been seen in DD (3D, DD is expected). >

X(3823) seems to be the missing W,
from the charmonium spectrum. | =
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X(3872) YXcJ

Search for vyxc1,c2 decays

abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

v v

X(3872) yield : -0.915.1 events

Projection @ g [ X(3872) region
E Projection

5

95 n s o o
T

0 T = L I SN =
M, 1y (GeV/c ) M, (GeV/c?)
M, >5.27 GeV/c? 3.84< M, < 3.9 GeV/c?

No signal is observed in the X(3872) region.

B.R.(B*->X(3872)K*) x B.R.(X(3872)>x,V) < 2.0 x 106 (@90% CL)

T(X38725Xc1¥)

<0.26
I'(X3872—]/¥Ynm)

Belle, PRD 85,052004 (R) (2011)
* Recent Belle result used for BR(B->X3872K)*BR(X3872>J/Wrt'rt.
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X(3872) YXcJ

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

BE DX VK

Yield BR (10%)

Belle World Average

W'D XaV

193+19 7.74%8 77 (stat) 1387 (syst) 6.39 +0.33

BR(B*->W’ K*) consistent with world average

B >y VK Yield BR(BIXK*). BRXD1,Y) (10°)
W,>xav 33.249.1 9.70%284(stat) 1188 (syst)
X(3872)>x,v -0.945.1 < 2.0(@90% CL)

First evidence of W, with 4.2 o significance by Belle.

I(x3872-
( Xc1Y) <0.26
Ir(x3872-j/¥nm)
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X(3872) OB

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234;

longer presentation: V.Bhardwaj at Charm 2012

%;z: B >X(3872)Px) K| 57 BB M s276ev/d
EZ: BOVOraN K : } w; Projection
G e T e
B*-DX,VK* Yield BR (10%)
XY XaV
W' DYV 56.619.3 | 5.82+0.95(stat)+0.61(syst) | 7.74+377 (stat) *383 (syst)
BR(B*>X K*). BR(X>¥,,y) (10°)
WXV -0.443.4 <34 9.70138%(stat) T35 (syst)
X(3872)Dx,v | 3.9%3.9 <6.0 <20
M(W,2>x,v)

M(W,2Xay)
U.L. (@ 90% CL)

<0.48 , Expected ~ 0.2 (model dependent)

E. ). Eichten et al, PRL 89, 1620021(2002)
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X(3872) B

Search for 1 decays

abstract 725; BELLE-CONF-1235; longer presentation: V.Bhardwaj at Moriond QCD

Search for X(3872) in J/Wn

llJ' TTTTTTTTT Lo T "BaBar,PRL 93, 041801 (2004)
x(3s7z) ? ?

=

25 MeV/c?
.

X No signal was
82 fbr seen in X(3872)

il
mmmw Mﬂm =

36 38 4 44 46 48
My/n (GeV/c )

BR(B*IX(3872)K*) x BRIX(3872)>)/yn) < 7.7 x 10°6 (90% CL)

o

Events/6.

=

BaBar observed B*>J/WnK* and provided
BR(B*>J/yn K*) = (10.8+2.3+2.4) x 105

With more data (9x), Belle can either rule out or put much
tighter constraint on the X(3872)¢ partner.
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X(3872) B

Search for 1 decays

abstract 725; BELLE-CONF-1235; longer presentation: V.Bhardwaj at Moriond QCD

» After including phase space (PHSP) component of B->J/WnK,
data/MC agrees quite well.

> 1D UML fit to M, in order to extract signal yield.

» Background fixed from MC and sideband study.

= 1208 g ®

3 S _FB*>WK* 711 fb?
2 S 25

& 100

% £ Zoomed

@ g W’ region

Structure due to

i ] lHT L

'm:\I\‘\\\‘\U—\‘I\\‘\\\‘\\\

60 B W' (#y v) K*
Backgroun i oo R
R T T
.64 3.66 3.68 3.7 3.72 // GI\-II::," 1sev/c32') 6
20 B*>J/WnK* (PHSP)
i e T MRS et Ty %
g 38 4 42 1.4 16 8,

4.
M, . (Gevic?)
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Y
Search for 1 decays

abstract 725; BELLE-CONF-1235; longer presentation: V.Bhardwaj at Moriond QCD

Mode Events BR (10%)
Belle PDG
B>WK+ (1) 52482 | 5.81+0.92+0.44 | 6.39 + 0.33
B*>1/Wn K* 395426 | 1.17#0.07+0.11 | 1.08 + 0.331

«*Our results agree with the world average.

+*In the search of X(3872)—>J/Wn, Belle provided
upper limit (@90% CL)

(Belle’s BR(B>W'(=J/Wn)K, while the
world average is for BR(B2>W' (2> /)K &

BR(B2>W’'(2J/Wn)K

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle

@includes B>W’(>J/Wn)K component also.
Belle B is for the PHSP component 13
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X(3872) B

Search for 1 decays

abstract 725; BELLE-CONF-1235; longer presentation: V.Bhardwaj at Moriond QCD

Mode Events | BR(B*>X K*). BRIX>J/Wn) (10°)
Belle PDG
B*->X(3872)(=J/Wn) K* | 2.345.2 <3.8 <7.7

Much tighter constraint to the C-odd partner of X(3872).

*» UL (@90% CL) is also provided

at different masses (using O-

width states).

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle

6)9

SFTTT T TT T[T [T T T

BR(10

~

6
5

o N w

39 4 41 42 43 44 45 46 47

14
M,un (GeV/c?) >

2
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Z(4430) history

Searches for charged states: some history
7' PRD 80, 031104 (2009); mxc: 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak

Z(4430)" — 7t/ in B — Krte/ sor
o 40

>

8
2 aof
Jij 201
10
Oz

M), GeV/c*
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ sop
@ not seen by BaBar; consistency?

40 -

30

Events /0.18 GeVZ/ic*

20 -

M), Geverc

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle ICHEP /Melb. 2012/07/05 8 /16



Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ sop

@ not seen by BaBar; consistency?

40

o Belle (Dalitz) reanalysis: —

(M,T) = (4443715113 107785+ 1) MeV

30 -

Events /0.18 GeVZ/ic*

20 -

M), GeV/c*
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ sop
@ not seen by BaBar; consistency?

40 -

o Belle (Dalitz) reanalysis: —

(M,T) = (4443715113 107785+ 1) MeV

@ 2 peaks in B® — K= Z[— 7t xc1]

30

Events /0.18 GeV?/c*

20 -

M), Geverc
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ sop

@ not seen by BaBar; consistency?

40 -

o Belle (Dalitz) reanalysis: —

(M, T) = (4443133433, 107238 08) Mev
o +2 peaks in B® — K~ Z[— 77 xc1]

o B — Kn™ being studied

30

Events /0.18 GeV?/c*

20 -

M), Geverc
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ sop

@ not seen by BaBar; consistency?

40 -

o Belle (Dalitz) reanalysis: —

(M,T) = (4443715713, 107735 1) MeV
@ +2 peaks in B® — K= Z[— 7 x1]
@ B — K71 being studied

@ in hidden beauty, v.large [ rv(ns) for T(55) "

— something going on above BB threshold
cf. CLEO o4170(m 7~ he) ~ og170(n T 1))

30

Events /0.18 GeV?/c*

20 -

10

M), Geverc
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ %
@ not seen by BaBar; consistency?

40

o Belle (Dalitz) reanalysis: —

(M,T) = (4443713733, 107535178 ) MeV
@ +2 peaks in B® — K= Z[— 7 x1]
@ B — K71 being studied

@ in hidden beauty, v.large [ rv(ns) for T(55) "
— something going on above BB threshold
cf. CLEO o4170(m 7~ he) ~ og170(n T 1))
@ consistent peaks in fits to
T(5S) = n~Z}[— n~hp(nP)] and Dalitz 7~ Z [— 7~ T(mS)]

30

Events /0.18 GeV?/c*

20 -

10

M3(*y), GeV/c?
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Z(4430) history

Searches for charged states: some history
)" PRD 80, 031104 (2009); wx.1 78, 072004 (2008); Z, PRL 108, 122001 (2012)

60

@ Belle sees resonance-like peak
Z(4430)" — 7t/ in B — Krte/ %
@ not seen by BaBar; consistency?

40

o Belle (Dalitz) reanalysis: —

(M,T) = (4443713733, 107535178 ) MeV
@ +2 peaks in B® — K= Z[— 7 x1]
@ B — K71 being studied

@ in hidden beauty, v.large [ rv(ns) for T(55) "
— something going on above BB threshold
cf. CLEO o4170(m 7~ he) ~ og170(n T 1))
@ consistent peaks in fits to
T(5S) = n~Z}[— n~hp(nP)] and Dalitz 7~ Z [— 7~ T(mS)]

30

Events /0.18 GeV?/c*

20 -

10

M3(*y), GeV/c?
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Z(4430) Bl

Search for Z+: 4D B? — K~ 7wt analysis

abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

The variables considered are Dalitz variables M?(K, ),
M?(J/4,m) and angles 0y, /-

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle ICHEP /Melb. 2012/07/05 9 /16



Z(4430) Bl

Search for Z+: 4D B? — K~ 7wt analysis

abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

2

S(serSysuueuw) = D | D Ay ((0170)]
£=1,-1|A=-1,0,1

where
Sx = Mz(K,Tl'), Sy = Mz(‘j/wzﬂ—)v
& - sum of lepton helicities, A - helicity of J /4,

Ay = Al e Resune 4 pZ

K*® — K=zt amplitude:

A =37 A N AN (s, 5,) 03 ) (0K,
K*

ZF — J/i7rT amplitude:

zt Z5 gt azt AHZ5) NG e 1
Ay = E ay; el AZe (5%, Sy)dy 'y (€Zc+)e e dys \(Okent),
N=-1,0,1
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o

Search for Z*: projections onto s, = M?(K—7t)
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

M(Jpm) < 16 GeVic® 16 GeVZ/c' < Mi(Jp) < 19 GoVc* Slices

& preliminary| & preliminary « (3)
8 1 S (E
2 2 5
3 3 z
S S 5
2107 2 = (2)
5 5
> >
w w

10

| ®

I 15 2 25 3 35 4 45
05 115 225 3 35 4 45 05 115 2 25 3 35 4 45 ME(K,x), Gev?
M(K ), GeVa/e* M(K.m), GeVa/e!
M(JAp ) > 19 Gevc*

W —
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(0]
P
S
3
3
§
2
w

. . 45
M(K ), GeVa/e*
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Search for Z*: projections onto s, = M?(7rt4))

abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

M(K ) < 1.0 GeVZ/ic*

1.0 GeV/c* < MA(K,n) < 1.8 GeV/c*

2™ preliminary | 2 ™ preliminary
3 700F 3 160
geoo %::0
S‘ 500 S
£ 400t %fg
@ 300 @
60
200 4
100

18 20 22
M(Jhpx), GeV2ic*

1.8 GeV/c* < MA(Km) < 2.5 GeV/c*

M(Jhpx), GeV2ic*

M(K ) > 2.5 GeVZ/c!

<, 160 fmi « 9 mi
£ 4 Preliminar £ g preliminary
S 1200 (3) * * 2
3 3
& &
S 100, °
2 g0 2
g e
40
20
O 850 22 =924 16 18 20 22
ME(hp), GeVa/c® My ), GeVa/c®
Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle

Slices

M(Jhp,x), GeV?

27253 35 4 45
M?(K,x), GeV?

ICHEP/Melb. 2012/07/05

9/ 16



o

Search for Z*: ... allowing Z+(1%) — =t
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

M(K ) < 1.0 GeVZ/ic* 1.0 GeV/c* < M(K,7) < 1.8 GeV2/c* S I ices
i preliminary

(1)

=)
<1
S
4

preliminary

=]
S

2 0 @
S o o

=3
S

Events / 0.254 GeV?/c*
]
g

@ s o o N
3
3
7
L
Events / 0.254 GeV?/c’

M(Jhp,x), GeV?

ME(Jhp), GeV2/c! ME(Jhp ), GeV2rc!

1.8 GeV2/c* < MP(K 1) < 2.5 GeV2/c M(K ) > 2.5 GeVZ/c!

i preliminar

0, T 1152 558 RS
o Preliminary VE(K.2), GV

Events / 0.254 GeV?/c*
Events / 0.254 GeV?/c*

121416 12 14 16

18 20 22 18 20 22
M(Jhpx), GeV2ic* M(Jhpx), GeV2ic*
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o

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

o various JPC considered JP | M, MeV | T, MeV | Localsign. | Sign.
Zr — J/yrt
o | 4076 £17 [ 240£21 ] 470 2.90
422848 | 51+15 450 2.80
1~ | 4108 +9 | 55+12 450 2.80
17 [ 4241+£6 [ 40+10 4.60 3.00
27 | 3942+£10 [ 57+£24 2.90 070
27 14669 +£5 [ 26+5 380 250
Z:(4430)F — J/yrt
0~ [4437+18[122+44] 160 0.80
1~ [4446£21 [171+£54 [ 130 1.20
17 [4450£15 [120+£22 | 410 310
27 |4427£10 [ 47£22 210 0.70
27 [4443+11[153+46] <010 [ <0.lo
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o

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

o various JPC considered JP | M, MeV | T, MeV | Localsign. | Sign.
. Z& = Jfymt
o LEE: fits to —2In(L/Lo) {4076 £17 | 240£21| 470 2.90
in toy Monte Carlo 0" | 428+8 | 51+15 450 2.80
17 | 410849 | 55+12 4.50 2.80
17 ] 4241+6 | 4010 4.60 3.00
2= [3942+10 | 57 +24 2.90 0.70
27 [ 4669 £5 | 265 3.80 2.50
Z(4430)T — J/yrT

0~ [4437+18 [ 122+ 44 1.60 0.80
1~ [ 4446 £21 | 171 + 54 1.30 1.20
17 [ 4450 £ 15 | 129 + 22 4.10 3.10
2= [4427+10 | 47+22 2.10 0.70

27 [ 4443+ 11 [153+46| <010 [<0.lo

ICHEP/Melb. 2012/07/05 10 / 16



o

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

e "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various
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o

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

° "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various

@ 1T hypothesis preferred;
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JP | M, MeV | T, MeV | Localsign. | Sign.
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Z(4430) Bl

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

° "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various

@ 17 hypothesis preferred;

none compelling:
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JP | M, MeV | T, MeV | Localsign. | Sign.
Zr — J/yrt
4076 17 [240+21| 470 2.90
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1~ | 4108 +9 | 55+12 450 2.80
17 [ 4241+£6 [ 40+10 4.60 3.00
27 | 3942+£10 [ 57+£24 2.90 070
27 14669 +£5 [ 26+5 380 250
Z:(4430)F — J/yrt
0~ [4437+18[122+44] 160 0.80
1~ [4446£21 [171+£54 [ 130 1.20
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Z(4430) Bl

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

° "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various

@ 17 hypothesis preferred;
none compelling:

Zt at 2.70 w systematics
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Z(4430) Bl

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

° "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various

@ 17 hypothesis preferred;
none compelling:
Zt at 2.70 w systematics
Z.(4430)" at 2.80 w syst
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JP | M, MeV | T, MeV | Localsign. | Sign.
Zr — J/yrt
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422848 | 51+15 450 2.80
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17 [ 4241+£6 [ 40+10 4.60 3.00
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Z(4430) Bl

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

JPC considered

e LEE: fits to —2In(L/Lo)
in toy Monte Carlo

° "Z.(4430)" fits:
(M, T) constraint, 7+’
result with uncertainties

@ various

@ 17 hypothesis preferred;
none compelling:
Zt at 2.70 w systematics
Z.(4430)" at 2.80 w syst

JP | M, MeV | T, MeV | Localsign. | Sign.
Zr — J/yrt
4076 17 [240+21| 470 2.90
422848 | 51+15 450 2.80
1~ | 4108 +9 | 55+12 450 2.80
17 [ 4241+£6 [ 40+10 4.60 3.00
27 | 3942+£10 [ 57+£24 2.90 070
27 14669 +£5 [ 26+5 380 250
Z:(4430)F — J/yrt
0~ [4437+18[122+44] 160 0.80
1~ [4446£21 [171+£54 [ 130 1.20
17 [4450£15 [120+£22 | 410 310
27 |4427£10 [ 47£22 210 0.70
27 [4443+11[153+46] <010 [ <0.lo

@ Bz x B(Z.(4430)" — 1)) < 8 x 107° (@ 95%) [cf. < 4 x 10~° BaBar]
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10 / 16



Z(4430) Bl

Search for Z*: fit results and significance
abstract 726; BELLE-CONF-1236; longer presentation: K.Chilikin at Charm 2012

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle ICHEP/Melb. 2012/07/05

JPC considered

LEE: fits to —21In(L/Lo)
in toy Monte Carlo
“Z.(4430)" fits:

(M, T) constraint, 7+’
result with uncertainties

various

1" hypothesis preferred;
none compelling:

Zt at 2.70 w systematics
Z.(4430)" at 2.80 w syst

JP | M, MeV | T, MeV | Localsign. | Sign.
Zr — J/yrt
4076 17 [240+21| 470 2.90
422848 | 51+15 450 2.80
1~ | 4108 +9 | 55+12 450 2.80
17 [ 4241+£6 [ 40+10 4.60 3.00
27 | 3942+£10 [ 57+£24 2.90 070
27 14669 +£5 [ 26+5 380 250
Z:(4430)F — J/yrt
0~ [4437+18[122+44] 160 0.80
1~ [4446£21 [171+£54 [ 130 1.20
17 [4450£15 [120+£22 | 410 310
27 |4427£10 [ 47£22 210 0.70
27 [4443+11[153+46] <010 [ <0.lo

Bzx x B(Z:(4430)* — 7)) < 8 x 107° (@ 95%) [cf. < 4 x 10~° BaBar]

natural next step: 4D (> Dalitz) for original K~ 71 channel
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ISR/1™~

ISR studies of 17~ states (following BaBar)
C.Z. Yuan et al, PRL 99, 182004; X.L. Wang et al, PRL 99, 142002 (2007); etc.

80 [ T . T T T ] [ N N N N T N T T T T T T T T
o QI5) ; ]
§ 60F  rE e Solution | - % [
= ution = [
E Solution Il |_01 0 -
Q40 1 N
8 o
= =
G20 A N | 1 g !

g bygd o
0 B T S R 4 4.5 5 5.5
’ M(n%?'f/w) <Gev7?:2> ° Mz y(2S)) (GeV/c?)
e confirms Y (4260) [also CLEQ] o confirms 7* 7™’ signal
@ amplitude nontrivial near 4050 MeV o splits “Y/(4360)" peak — two

none seen in ISR DH)D™): e g. explicit BaBar Y/(4260) limit
B/ Brta—p < 1.0 at 90% C.L. [arXiv:0710.1371 — PRD]
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ISR/1™~

ISR studies: search in ete™ — ~sgrn ¥
abstract 727; BELLE-CONF-1237; longer presentation: X.-L.Wang at FPCP 2012

Belle: Search for hadronic transition via emitting 1. (Preliminary)

Parameters Solution 1 Solution 1T
% M (1(4040)) 4039 (fixed)
2 T (1(4040)) 80 (fixed)
] B(yh(4040) = yJ /1) T (51 £ 08411 124412412
g M ((4160)) 4153 (fixed)
i T(44(4160)) 103 (fixed)
B(y(4160) — 5J /1) Tpepo |41 £0.5+08 152412415
#(°) 20+ 1148 —110+4+3

Taking I+, (¥(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 I+, (1(4160)) = (0.83 % 0.07) keV from PDG —
B((4160) — 1J /1) = (0.50 %+ 0.07 + 0.11)% or
B(1(4160) — nJ/1p) = (1.83 £ 0.21 + 0.24)%.

Bruce Yabsley (Sydney / Belle) Charmonium and exotics at Belle ICHEP/Melb. 2012/07 /05 12 / 16



ISR/1™~

ISR studies: search in ete™ — ~sgrn ¥
abstract 727; BELLE-CONF-1237; longer presentation: X.-L.Wang at FPCP 2012

Belle preliminary

nobs — pbke

O LB S A s B0 = )
~ 100 | —
Qo 1
E 75 .
k5 , ]
5 501 | ”’ ’
Dl

0 l\----f--lMiM+-* Lttt

4 4.5 5
Ecm GeV

A systematic error of 8.8% to all data points is not shown.
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|
Summary

e X(3872) studies:

e in 2011, major 7w~ ¢ update (& other studies)
e in 2012, searches in final states that would reveal X partners:

YXcl.c2: Main searches negative,
 but X(3823) — vxc1 seen; 12(13D,) candidate
n: search negative
@ charged states:
4D analysis of BY — K~71 1) sees no compelling Z+ — 771,
and sets a limit comparable to BaBar's
— cf. Belle's positive 771’ (Dalitz) and 7t x.1 (Dalitz*) signals
@ ISR studies of 17—
n final state studied, ¥)(4040) and (4160) seen
@ results presented today are preliminary
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BACKUP o7l

Search for vyxc1,c2 decays
abstract 720; BELLE-CONF-1234; longer presentation: V.Bhardwaj at Charm 2012

Background parameterize using large B=>J/W X MC sample
Foo| BIVIAN K
2 [ B DWW (»x,y) K

Peaking background
(B>WK*, X K*, k]
WK, XK, . ) 6000

eqls /{20081
gligleg
388

I RN

sooo| Combinatorial

X(3823)

IS
<]
<1
-]

T T T T

Fo F3- oo

X 385
M, | (GevieT)

et L L
55 3.6 366 375

Fit parameterize
+»*» Sum of two Gaussian (convoluted with Breit-Wigner)* is used to
fit W, (from MC).
+¢ Tail part Gaussian same as Y’ (tested on MC study).
% M, PDF same as W’ (from MC study).
% W, width is fix to zero, resolution is estimated from W’ peak

(and scaled from MC¥*).
For fit bias, 2000 toys and no significant bias is observed.
Maximum bias of 2% estimated and included in the systematics.

*Estimated from signal MC (for different width)

o
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ISR/17~
ISR studies: search in ete™ — vsr1 Y

abstract 727; BELLE-CONF-1237; longer presentation: X.-L.Wang at FPCP 2012

e Reconstructions: J/1 — eTe™ or utpu~, n — vy or 770,

e Clear ¢/ signals.

(\U :«u 1
NGRS 3 o 1
5 4
3 b 1 21007 =
N ~N
o ] 8
0 20 n
< P 50 *
§ wf ] g
a S ik @
Op - 3 .

3.66 3.68 3.‘7 3.72 3.74 3.66 3‘,53 3‘:1‘ 3.72 3.74
MMI/Y) (GeV/c) MMI/Y) (GeV/c)

Left is 7 — mt7~ 7% mode and right is 7 — vy mode.
Measurement on cross section of o(eTe™ — 1gr?)’) at Belle:
o 1t 7% mode: n¥¢ = 186+ 17, o = 13.94+ 1.4 pb.
e vy mode: n*€ =470+ 25, o = 14.0 + 0.8 pb.
e Theory calculation: ¢ = 14.2 pb.
Measurement on 1)’ signal is reliable.
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BACKUP ISR/1™

ISR studies: search in ete™ — ~sgrn ¥
abstract 727; BELLE-CONF-1237; longer presentation: X.-L.Wang at FPCP 2012

The J/1 signal and 7 signal at high energy region (M, /,, > 3.8 GeV/c?):

150 1

3

3
2
3

Entries/5 MeV/c®
a
3

Entries/8 MeV/c?
IS
=]

N
S

3 04
&

o

o . .
29 3 31 32 05 06 07,
M) GeVi My nn®)  GeVic

The nJ /4 signals:

= o

Entries/20 MeV/c?
IS
Entries/20 MeV/c*

o

0 0

45 5 45 5
M(ndry) GeV/c M(ndry) GeVic’

The left is n — 77— 7% mode and the right is 7 — vy mode. Events accumulate

around the positions of 1(4040) and 1(4160), and no obvious Y states found at
mTa=J /(') transitions!
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