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The Belle experiment
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= &b - Study of B mesons (~770 M of BB pairs!)
- World largest samples of Y(1,2,5 S)
- e'e — only 17 states

Complete knowledge of initial state
- Can compute Center-of-mass quantity
L=1 L=2 - Missing mass
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bb bound state
— spectroscopy
— radial excitations, singlets, triplets...

Strong interacting system
- hadronic transitions

b quark is heavy
— (almost) non relativistic system
— Large range of scales in the same
system

Lots of models
— Non relativistic QCD
- Potential model
— QCD multipole expansion ...

| - New states
I - Transitions

Il - Bottomonium decays



Part |

New states from Y(5S)
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hb(1,2P) from Y(5S) fue; T
PRL108,032001 Gl P
Inclusive search : e'e” - Y(5S) - '+ X 10500
(inspired by e'e” ~ Y(4170) - trth @ Cleo)
x 103 [ Y(i'D) Y(i'D)
B T - .
-__;E 1400 - : : : * * 1,(28) x..(_ﬁJ h(IP)
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M(miss) = (E., —E" )= P Y(5S)

Known M(miss)
In Di-pion transition: M(miss) = M(lower state) \
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h b(1,2P) from Y(5S)

M(MeV/c?)

Y(68)
PRL108,032001 Gl P
Yield, 10*  Mass, MeV/c¢®  Significance 10500 |
—  T(1S) |1052458+3.0 94594405410 1820
—» | W(1P) | 504+ 78735 9808.3 + 1.1 620 I
- 1 e . — Y(I'D) Y1'D)
35 — 15 56 4 19 9973.01 295 ol
—> | T(25) [1435+8.7+68 10022.3+£04+1.0 16.6 0 : W =
— | T(1D) 220+78  10166.2 £ 2.6 240 90| :
— | h(2P) | 84446872 102508 +0.6F!11 1240 S |
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h b(1,2P) from Y(5S)

M(MeV/c?)
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h (nP) is the singlet partner of x(nP) -
10250

Hyperfine Splitting: M(singlet) — M(triplet) ol Yii*D) v('D)
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i n,(28) x%) b.(IP)
AM_(nP) = M(h (nP)) il :
S |
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Y(18) ___
n,(15)
9250 - L=0 L=1 =
IVIAVG.(X(‘I P)) = (MXbO +3 be1 +9 MXbZ) /9 S=1 S§=0 S=1 §=0 s'=1L_zs$n

Spin-averaged mass

AM _(1P) = 0.8%1.1 MeV/c® Pprecise measurement

Study

AM (2P) = 0.5+1.2 MeV/c* of spin effects in QCD

HF(
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nhb(l,ZP) mass: Zb
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PRL108,122001
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The heavy quark spin flip is predicted to suppress
the Tth_ transition

PIT
spin- ﬂip h]

@ L[Y(55) % hy(nP)ntn~] _ 0.46 = 0.0811 (5  for hy(1P)

L[Y(55) & T(2S) 7*n~] 0.77}0.087022  forhy(2P)

No suppression

no spin-flip @

Intermediate state? Look at h_yield in bins of M(1th, )
(Missing mass from 11 )

Y(5S)

Z'

V4

b

The transition is
mediated by an
intermediate
charged state




Zb in Y(nS) final states
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Z Summary

PRL108,122001

Y{1S)T —.— —— —— ——
Y28 | —e— —— —~— .
‘.’{35]3?{ -i-— —I—i' —Ii- —-—é—
h,(1P)R 7 - —.— - .
h(2Pin'n  —e— . —— -
Average -+ - - ——
FEFEF PRI TP EPE EEPEE R P T e I BT P laag ! A W
-10 0 10 10 O 10 10 0O 10 10 O 10
AM, MeV Al MeW AM, Me\s ALY, MeWs

Angular analysis suggests J° = 1*

Z,(10610)
M = 10608 * 2.0 MeV
=156 #*2.5MeV
Z,(10650)
M = 10653 1.5 MeV
[ =14.4 £3.2 MeV
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Mass and I
measured in 5
different

final states agree

The Di Pion transitions from the Y(5S) proceed
via the intermediate charged state Z_

The transition does not imply spin flip

Masses are close to B*B and B*B* theresholds
Molecules?

The Y(3S) is an unexpected source of h_



h, (1P,2P)- yn, (15,2S)

arXiv:1205.6351

h_(1,2P) is predicted to have large BF

for radiative decays to n,_

BF[h.(1P) ~ yn (15)] = 41%
BF[h (2P) ~ yn_(1S)] = 13%
BF[h.(2P) ~ yn,(2S)] = 19%

O(10% larger

than in
system

hb(1 ,2P) and Z_tagging

Clean experimental signature with the

Means

searches from Y(2,3S)

Less background than in the inclusive

U.Tamponi, Bottomonium(-like) states at Belle ICFP2012
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e [
Search for the n, (1,2S) :
b = 11000
arXiv:1205.6351 =
. 3 10750 +
MC simulation
(5| e - -“_. a T '-'.'-..'l r r.:.':"'._'. .'|. 'L-.-' _\‘.,-:I.:II l.r .L,:::_ " 10500 L
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h_ not reconstructed -

Missing mass analysis:

AM miss(n T[_y) =M miss(n T[_y) N
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Search for the @(1125)

arXiv:1205.6351

e | f g n /

2 | e l i

o;o“7.5:' 15 G \ % 2:_ 90 'H H ‘v !F." 11[:{25] 5 hhflP:l
: sl ;- n

',%‘ 5 S 1:— | ﬂ||v !

g n < 0- "ljl I.Ilililli | \ |

88 9 92 94 96 98 n,(18)

M[n (1S)] = (9402.4 £ 1.5 + 1.8)MeV
rn,(15)] = (10.8 +4.0 -3.7 +4.5 -2.0)MeV
B[h (1S) - y 0 (1S)] =49.2 £5.7 %
B[h (1S) - yn (25)] = 22.3 £3.8%

—
o

M[n (2S)] = (9999.0 + 3.5 +2.8 -1.9)MeV
r'n,(29)] < 24 MeV
B[h (2S) - yn (25)] = 47.1 £10.5%

h,(2P) yield, 10%/ 10 MeV/c®
)]
o

0.I+.+...........I..
9.7 9.8 9.9 10 10.1

MO (Y, GeVic?
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Hyperfine splitting in 1S and 2S

arXiv:1205.6351
1S hyperfine splitting was measured by CLEO and BaBar to be

higher than theoretical predictions. AM _(n.) = M(n.) —M(Y(1S))
HFY 'b b

Belle measured a lower value with increased precision:
AM__(1S) = 57.912.3 MeV

pNRQCD Lattice arXiv:1010.5827
A A

‘ 7 ) Hyperfine splitting
BaBar Y(3S) — 1,(1S) y slightly above the
< lattice prediction
BaBar Y(2S)

Agreement with

+—e— /ICLEO Y(3S) lattice, still above
BELLE preliminary

1 L L o | < I
30 40 a0 60 70 80
AM, (N ), Mev/c’

. 4.0 .
First 25 measurement: AM,_ (2S) = 23.4;'4_5 MeV Agreement with theory

13
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Part I

Transitions with n meson

15



Y(nS)- nY(mS)

E1E1 transition
YNS) - mm Y(IMmMS)
No Spin Flip

E1M2 transition
Y(NS) - n, ° Y(MS)
Spin Flip

The n transition is predicted to be
suppressed with respect to the di pion one

The n transition requires
a spin flip

QCD multipole expansion:
spin flip amplitude
proportional to (m, )*

Kuang Front.Phys.China 1, 19 (2006)

h

BF(2S - 1S) = 2.1 x10* [CLEO], 2.39x 10*[BaBar]  ~8 x 10* [Theory]

BF(3S - 1S) < 1 x10* [BaBar],

BF(4S - 1S) = 1.96 x 10* [BaBar] Orders of magnitude higher |(2.5x ot transition)

U.Tamponi, Bottomonium(-like) states at Belle ICFP2012

~6 X 10 [Theory]
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Y(2S)- n, n° Y(1S) B

BELLE

. Y(2S) — nY(1S) CLEO: (PRL101:192001,2008) | ~ Blind analysis
2 0E (2.1% 0.7 +0.4)x10™%)
%‘ sol— Double gaussian + crystal ball ¢ - Exclusive
£ E e Crystal bal g  THEORY: reconstruction:
50— ! (8.0)x107%)
— [N, =236 t18 : Y(1S) - puoree
40— 4
= o 4 BABAR: (PRD 84, 092003) ™ - VY
30— Preliminary i | (239+0312014)x10* | 1 - yyor T
2&5— {
e _ Y(2S) - °Y(1S)
) i 7 S e . Y T Y sn § :

1 candidate mass [GeV]

—
&4
TTT17

3 5 &
[ ¢ | |
————
——————
A —
—
=~ °
—
——
—_—
————
————
[ A——
——
———————
—
Sba—re._s—
. ———
—
—————
—
-
—
—
A
———————

Higher than the other
measurements, still
12 of th. prediction

ol
T

Preliminary

0 C | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1
0.1 0.15 0.2 2 0.3
M(yy) [GeV]

B(Y(2S) - nY(1S)) = (3.41 £+ 0.28(stat.) + 0.35(syst.)) x 10 Preliminary

B(Y(2S) - mY(1S)) < 0.43 x 10~ (90% CL)Preliminary ~ Normalization sample
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Y(5S)- n Y(1,2S)

M(MeV/c?)

Y(6S)

YGS)
10750

Y(45)

Exclusive Y(1,2S) - PP~ +n - I S0

Vo
reconstruction § Y(2S) - Y(AS)I'mr + n -yy | W = i

YD) YA'D)

10000 | Y_(TJ ......
: n,(28) x%) b.(IP)
B[Y(5S)» Y(1S)n] = (7.3+1.6+0.8) 10 9750 | :
Preliminary _ *
B[Y(5S)- Y(2S)n] = (38 +4 + 5) 104 9500 |
Yus;“m)
9250 - L=0 L=1 L=2
S=1 S=0 S=1 S=0 S=1 S=0
> 20 > 18
= 18 - = 16 E
:g e §_|\/||\/|(Tl+TFTlO) | s f M(yy)
2| Preliminary : : Preliminary
o o
6 °F
a _ a3
° if "”""]1]_' rL”" 2:_. -IJ-!_H.j o 1 e R——n S ljﬂ 1
09.3 94 95 96 97 98 99 10 101 10.2 10.3 nl:l.E 0.4 0.5 0.6 0.7 0.8

MM(1), GeV M(vy), GeV
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Part |l

Bottomonium decays
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Y(1,2S)- light hadrons B

BELLE

arXiv:1205.1246v1
Q - B[y’ - hadrons] B[y’ - e'e]
¢~ B[J/J - hadrons] B[J/}y -e*e]

12% rule in charmonium: violated
=12% in some VT and VP final states
(pTtpuzzie)

B[Y(2S) —~ hadrons] B[Y(2S)-e'e] From non-relativistic QCD.

Q = = = 77% Expected to be precise
Y B[Y(1S) — hadrons] B[Y(1S)-e‘e’] bufto be testedp
ofs
wfo Vector-Tensor - Y(2S) and Y(1S) samples
pa;
K*K30 ~ Complete event reconstruction
K1(1270)" K .
KI(H[I]D% Fi Axial- 10 (x2) channels, 5 with observation
1(1400 Pseudoscalar
b1 (1235 7
| KK
wr T 3 body decays
K*K~ 71
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Y(1,2S)- 3 bodies (observations)

arXiv:1205.1246v1

-6
22 Y(1S)— ¢ K*' K Y(25)- ¢ K* K BF X 10
:; 16 BF = '-?." BF =
~ 12 2.36 + 0.38 £ 0.29 ~ 1.86 + 0.96 + 0.21
8 10 8
5 ¢ :
w3 jis 1[ 1[-} nll 'le {- “osp Il Sl Lo consistent
05 102  1.04 1.06  1.08 1. 034 1C 08 9.1
M(K'K') (GeV/c?) M{K'K) {Gaw:’}
22
20

Y(1S)on %0 Y(2S) S on
BF — ] < '

4.46 £ 0.67 £ 0.72

Events/5 MeV/c?
R
Events/s MeV/¢?

12 260
S ; lower than
25 ool it prediction
87 075 08 085 08 085 1

M(m* ) (GeV/ic?) M(* 7 n?) (GeV/c?)
Y(15)—» K°Kn*

Y (25)— K°K =+

BF =
2.32+0.40 £ 0.54

BF =

consistent

Events/10 MeV/c?

nonBBER

Events/10 MeV/¢?
p;_ﬂ_usamaﬁﬁsa

;-‘l.'.':'.‘_‘l-il : T b ; o --- |.|."-.|.:||. 1 -_=|| # ok :_, ; L. LT [ T T T e
87 : 1.3 08 09 2 13
MK 1) {Gawc’} M{K*r) (G awc’}
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Y(1,2S)- 2 bodies (observations)

arXiv:1205.1246v1

BF X 10°®
Slgnal from 2D fit of M(V A) vs M(T) Dalitz plot - 1D prolectlons
b 16 Y(1S)> K K, | % %% Y(1S)- K K,
> 14 > 25; -l»
= 12 = 20
o 10 =] F
B s | 4 @ :2 BF(1S) = 3.02 + 0.68 + 0.34
c £ 10
I T T
8708 098 1 i1 12 13 057314 16 153
b 1o Y(25)- K K, b 18 Y(25)- K K, consistent
> 15 > 14
Z 2 = 12
2 0 2 BF(2S) = 1.53 + 0.52 + 0.19
[ 3 || &
o 2k " H’ @ 4 ]
87 %8 o098 1 11 12 13 e Y S Y R
M(K x) (GeV/c?) M(K =) (GeV/c?)
b 12k Y(1S)> K (14000 K| o 2 Y(1S)> K (14000K| BF(1S) = 1.02 + 0.35 + 0.22
o B:_ = 5
= 6 % 2 BF(2S) < 0.86
Pt § ‘
uaj 2 h ) h'- b '-Imlgr- 1 g', 2 e i

M(K 7) (GeV/c?) MK’ ) (GeV/c?) X 10°
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Y(1,2S)- ycharmonium

PRD 82(2010),051504R

KT Chao et al, (hep-ph/0701009)
provides a very large set of 35 sl e 1| R, P,
NRQCD predictions on many - P, bl Y o

- W L L Mf';. Ly -
processes ",

Theoretical prediction ( x 10°):

351 5"PJ
QCD AQCD+QED

Y(1S) - yx,, 4.0 3.2
Y(1S) - yx_. 4.5 9.8 <& Significant corrections are

‘ expected from interference
Y(1S) - 1 :

S X 56/ between QCD and QED
Y(1S) - yn_ 2.9 4.9 amplitudes.
Similar rates are expected for Y(2S)
23
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Upper limits on Y(1,2S)—- ycharmonium

PRD 82(2010),051504R

Charmonium X 10°

Channel 90% CL U.L. Channel 90% CL U.L.
Y(2S) - yx,, 650 Y(2S) - yx,_, 650
Y(2S) - yx_, 23 Y(2S) - yX_, 23
Y(2S) ~ yX,, 7.6 Y(2S) - yX_, 7.6
Y(2S) - yn_ 57 Y(2S) - yn_ 57

Exotic charmonium X 10

Channel 90% CL U.L. Channel 90% CL U.L.
Y(1S) - y X3872 - y 1t'1C J/Y 1.6 Y(2S) - y X3872 - y 1t'TC J/Y 0.8
Y(1S) -~ y X3872 - y ‘v’ J/Y 2.8 Y(2S) - y X3872 - y i'mem® J/Y 2.4
Y(1S) - y X3915 - y d/y 3.0 Y(2S) - y X3915 - y wJ/Yp 2.8
Y(1S) - y Y4140 — y @J/y 2.2 Y(2S) - y Y4140 ~ y oJ/y 1.2
No signal observed. Y(2S) — y X4350 - y @J/p 1.3

UL in agreement with theory
24
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)(b(lP) - double charmonium New!

arXiv:1203.0368
Chance to compare different predictions: Y(2S) —— \Ay

Light Cone formalism (LC): Phys. Rev. D 80, 094008 (2009) Ko,

Potential QCD (pQCD) : Phys. Rev. D 72, 094018 (2005) /\
Non relativistic QCD (NRQCD): Phys. Rev. D 84,094031(2011)

JIp
Xo2 Xo1  Xoo
Xy, W g
R e e T A LA MR XbJ - lIJ'lIJ'
6l 2 ::I.E..E’.f:;: ::’:IE_ XbJ _)J/ll" LIJ'
= et ey — Y
> = gus”la 4 11 ';l " o .
2 i L Missing mass technique:
4 B, Bepp ol 2 L clusters in
z A X el U MM(yJ/) versus E(y)
= ittty €W with:
L. -"'E;‘E J/LIJ R IJ.+U._, e+e_

. v —>T[+T[_J/ ’ + —’ e+e_
£ (Gev) Y from Y(28) - v, v b, W
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)(b(lP) - double charmonium New!

b7 T T
T B L D L B E;:Z'E"'E S A Lo
5 G S IR T RREITII e L SO e ]
[ - - - = - I A
] - = v = I . . E - . ]
g § 35 (' - Tt JIY S SO UYN.S Py, ee
3 2325/ - ' Rl S A
5 R R e A
= 3:..-_ ) ) ‘e N = = 3._:;:.-._.;.: ............ ._.. .......... :....': .......... =
[ L I [ = -7, B
0.1 0.15 0.2

=
TTITroT

Events/2 MeV

012 014 016 018 02 08 01 012 014 016 0.18 0. 008 0.4 012 014 0.16 0.18 0.2
E, (GeV) E. (GeV) E“f (GeV)

Channel n"F (%) Ouys(70) Br

oo — J/0 A 21 58 16 7.0 x 107
e — J/0Jp 13 6.3 30 27 x107°
ez — J/pJp 22 5.9 27 4.5 x10°° - Below (~70% discrepancy) the Light Cone
xeo = J/gw' 20 3.4 17 1.2 x lﬂ‘: formalism and potential QCD predictions
Yoo — J/" B8 3.8 15 1.7 =10
Jip' 17 3.5 16 4.9 x10°°
Ty 3.0 2.1 20 3.1 x10°°

b1 — ' 12 22 17T 62x10° .
Xp2 — ¥ 33 21 12 16 x10°° arXiv:1203.0368
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A set of Preliminary Upper Limits

Xb2

i - In agreement with NRQCD predictions
Ll
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Summary

~ 1.5 Year of results from Y(1.2.5 S)

S [ - 9 I ‘
| ~ Spring 2011 | ~ Spring 2012
S 11000 - Y(es) & 11000 - “Y6S)
2 — = —
Y(5) LGS
10750 10750
—— b o —— Zb
10500 e 10500 Yeo)
T Belle T3
10250 | =5 - = 10250 | Improoved
’ Yi'D | YD)
10000 () Atlas 10000 V()
. xﬁ) i
9750 | 9750 |
9500 9500
A1) S as)
9250 L=0 L=1 L=2 9250 L=0 =1 L=2
§=1 §=0 S=1 S=0 S8=1 S8=0 S=1 S=0 S=1 S=0 S=1 S=0

Y(1,2S) - light hadrons ( first observation!) NRQCD seems to be a good
Y(1,2S) - y charmonium

X(1P) - double charmonium model

Y(nS) - nY(mS) : a puzzle still to be solved

27

U.Tamponi, Bottomonium(-like) states at Belle ICFP2012



Backup




wmr transitions @ Y(5S)

Y(nS)nr cross section (pb)

Y(nS)nr cross section (pb)
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wmr transitions @ Y(5S) <D

BELLE

PRD82,091106R(2010)
PRL100,112001(2008) [(MeV) g Loz _
Y(55) — Y(1S)7tx~ 0.59 4 0.04 + 0.09 et BRI lIne shape
Y(55) — Y(28)rtr~ 0.85+0.07 £ 0.16 5| L e + oY
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T(3S) — T(1S)ntr™ 0.0009 0.000 S '
Y(45) — T(18)rtn™ 0.0019 P y—
% 05|
Simonov JETP Lett 87,147(2008) %. 04}
Rescattering Y(5S) — BBt - Y(nS)? 2 ol
0.2
0.1

> gy 9 1 .4 - | 4, o 41 4 0 4 | 4, 4 4 4 1 4 4 4
1075 108 1085 109 10895 11  11.05
\ s (GeV)



B F
© [
n. (1S) at BaBar I
b 2 11000 Y(6S)
= | —
10000 —— - Y(55)
- i 10750 -
8000~ -
- . Y@
6000~ - e
4000 'f —: 10250 -
2000(— - Y(I'D) Y(1'D)
] 10000 -
0 I
2000[- 9750 |
0.5 [
9500
~10000
s
Ei 8000~ 9250 - L=2
= - =
2 s S=1  $=0
2 4000
£
0 2000£—
0
-2000




hb(lP) at BaBar

3 sigma evidence:
e+e- — Y(3S) - m°h,

mm“mﬂ}' (GeWV/c?)

= . -l
g = [Foeaw — - - - - - =1
e e e Y T
= &2 4555 EX I ] a5 10
JJJJJJ ST (GeVic™)

é

Entries/ 6 MeV/c®
|§. 1

i

=}

TR AR

P T B "I T T 1 . 1 x
Q.85 Q9 Q.95 10
m, . (") (GeVic?)

M \
QTS5 Q

n® recoil mass (GeV/c?)

M(MeV/c?)

10750
10500 |
10250
10000
9750 |
9500 -

9250

Y(I'D) YA'D)

Phys.Rev.D 84 091101(R)




<

b(ZS) claim

arxiv:1204.4205

o[
= +4.0
o o Xbt Y(2S) | Belle: AM, (2S)=23.4 ", MeV
Wil Dobbs et al.: AM__(2S) =48.7 MeV
2_
1._
ﬂu'
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= 0 - Anomalous production rate
o 7
= L
g i
3_
2_
1_ L L Or T T IT, l[ll' T Tllllgll Al
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A M (MeV)
N AM,; (MeV) M (MeV) Zfdofo  signif. (o) By x By x 10°
m(2S)  11475F 487+23+21 99746 +23+21  91.8/103 4.9 46.27775 £10.6
m(18) 103737 67.1+£34423 93932434423  114.6/107 3.1 30.173° £ 75




Zb in Y(nS) final state
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Zb in Y(1S) final state
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Zb in Y(2S) final state
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Zb in Y(3S) final state
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Z angular analysis

0. =L(Tt,e")
¢= U [plane(1t,e*), plane(Tt, TT)]

Events / 0.1

Probabilities at which different J” hypotheses are disfavored compared to 1+

e* — incoming positron beam

Example : Y(5S) - Z,%(

Color coding: JP= 1+ 1- 2+ 2
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Y(2S)- n Y(1S)

@ T(2S) —» nT(1S):
-Bipeo ~ 8.0 x 1074,
Bereo = (21797 +£0.3) x 104 (5.30 with 1.3 fb~1, PRL101,192001).
@ T(3S) — nT(1S):
-Bipeo & 6.5 x 1074,
-Bereo < 1.8 x 10~% ( PRL101,192001).
@ T(4S) — nT(1S):
Bgagar = 2.5 x B(T(4S) — T(1S)rtx—), PRD78,112002.
@ Event Reconstruction: n — yy/n a~x’, and T(1S) = ete /utu~.

@ Backgrounds:
- T(2S) = T(18)7%%° (B = 9.0%)
- T(2S8) = vxps = yyT(1S) (B = 4.0%)
- Radiative Bhabha scattering



Y(2S)- n Y(1S)
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Y(2S)- n Y(1S)

Measured Y (2S)—nY (1S) BF in different final states.
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Y(2S)- n Y(1S) @ BaBar and CLEO
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Y(1,2S5)- light hadrons

arXiv:1205.1246v1

_ B[y’ - hadrons] B[y’ - e'e]

Q. = = = 12%
C  B[JJ - hadrons] B[J/Y -e’e] °
Q B[Y(2S) — hadrons] B[Y(2S)-e*e] 779
- - —_— (o]
Y B[Y(1S) — hadrons] BJ[Y(1S)-e'e]
(Channel T(15) T(25)
Nsig N;JEP y B BUP N8 N;TEP Y B BUP Q"f EfIP
oKtK~ [56.3+9.0 8.6 2.36 £0.38 £ 0.29 69 = 36 6.0 L8610.96=0.21 0.79 £0.54 = 0.13
wrtr™ 636495 8.0 4.46 £ 0.67 .72 2912 51 25 132x054x045 258] 0300153 0.11 0.55
KKt 173+ 20 11 4.421£0.50 = 0.58 135 £ 23 6.4 2.32+0.40%0.54 0.02x0.11+0.14
(I)f; 6939 16 21064x037x014 1.63183x6.0 18 1.6 050036019 1.33] 0.77x0.70=0.33 2.54
wf 52x40 13 150570441013 1.79|-04x3.3 6.1 =003 024001 0.57|-0.06=042=x0.02 1.22
pa; 29x11 49 27 115x047x018 22411011 30 0.9 027028014 0.88] 0.23x0.26 =0.12 0.82
K*”K;‘“ 4221 9.5 54 3.020.68 0.4 321l 3.0 Lo3+0.52=0.19 0.50 £0.21 = 0.07
K1(1270)+K" 3749 13 08054x072x021 241111044 26 1.2 1.06x042=x032 3.22] 1.96x2.71 = 0.84 4.73
K1(1400)+K" 23.8 8.2 3.3 102 x0.35 £ 0.22 9282 24 05 026023009 0.8 026 =0.25=0.10 0.77
61(1235)+?r_ 1446928 24047022013 1.25(1.2x35 13 02 002007001 040 0.05x0.16 £0.03 0.35

U.Tamponi, Bottomonium(-like) states at Belle ICFP2012
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