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1. Bottomonium at Y(5S) Preliminary Results
1. Search for Z,%in Y(5S5)— Y (nS)n%r°
2. Results in Charmonium
1. Confirmation of Y(4008)
2. Observation of Z*(3895)
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e Asymmetric e*e storage rings

Integrated Luminosity Res/Bew(GeV)/lum

(fb ) Y(1S): 9.46, 5.75 fb?
Y(2S): 10.02, 25 b2

1200
[KeKB  ——pep Y(3S): 10.36, 2.95 fb!
1000 | il ' (45): 10.58, 710.5 fb!
400 Y(5S): 10.87, 121.4 fb!
600 Off resonance/scan:
~100 fb
200 Y(2S): 10.02, 14 fb1
,./j Y(3S): 10.36, 30 fb1
ol 1 Y(4S): 10.58, 433 fb!
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Y(nS)

Bottomonium (ph ) s=1, €=0, JP¢=1-~

BaBar PRL 102, 012001 (2009)
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Puzzles of Y(5S) decays

Anomalous production of Y(nS) nt*m

PRL100,112001(2008) I'(MeV)

Y (5S5) — X (1LS)m 7T~ 0.59 4+ 0.04 &+ 0.09

T (5S5) — X (29)m 7w 0.85 +0.07 4 0.16

T (5S) — X (39 )mwHm— 0.5272-72 4-0.10

T(2S5) — Y (1S)m+tmx— 0.0060 >10°X
YT (3S) — XY (1LS)mwta— 0.0009

T(4S) — Y (1.S)mwtma— 0.0019

Hypotheses

1. Rescattering Y(5S)—>BBr*m— Y (nS)rn*m
Meng et al. Phys.Rev.D78:034022,2008

2. Tetraquark Y(5S)—>T, ,mt—>Y(nS)t*n
Karliner et al. arXiv:0802.0649v2; Xiang Liu et al. Eur. Phys. J. C(2009) 61: 411-428; Yan-Rui Liu et
al. Eur.Phys.J).C56:63-73,2008; N. Brambilla et al, Eur.Phys.J. C71 (2011) 1534; N. Brambilla et al.
CERN Yellow Report, CERN-2005-005, Geneva: CERN, 2005.- 487 p.

3. Exotic resonance Y, near Y(5S)
* analog of Y(4260) resonance with anomalous I'(J/y m*n’)

* Check shapes of Ry and o(Yntn) as function of E,
Hou et al., Phys.Rev.D74:017504,2006
Ali et al. Phys.Rev.Lett.104:162001,2010 D-santel IS 2013 4



R,, = o[bb] / ®[up]

Search for Anomalous Structure: Energy Scan
* R, peaks at 10.87, (Y nm) peaks at 10.89

PRD82,091106R(2010)
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(Events/10 MeV)

Observation of Charged Z,(10610), Z,(10650)

PRL 108, 122001 (2012)

* Y(5S) — Z,n*—h,(nP)n*n" (n=1,2)

- [Y(55) — Z, m*—>Y(MS)n*n (M=1,2,3)

* Average over 5 channels:

— Z,(10610): M = 10607.2+2 MeV

['=18.41+2.4 MeV

— Z,(10650): M =10652.2+1.5 MeV T1'=11.5+2.2 MeV
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Search for Z,%: "Y(5S)"—Y(nS)nOn°
Y(1,2,3S)—pfu,ete Y(2S)—Y(1S)n*n

T etemon°
g maE Y(25) g 60 §
%50;— Y(15) %',5”_ Y(25) w B
30 _ m X(39) H 30 :
I “ o T h |
J k w ! N I J |
09:"” Inguzn ;F?; .%hﬂ# ;I'slrl 1|u|1n|2| 104 106 H!‘lmrili;m ;4”; 06 98 10 102 104 ";
MM(m0r0) MM(n0n0) ¢
MM (7%70) = \/(ET(5S) o 0)2 = PE2
007 —
PRELIMINARY BRIY(55)>Y(1S)r’r]
BF[Y(5S)>Y(2S)n°n°] =

arXiv:1207.4345

l’l+“’- 1I.|:+,“:- TL'OTCO

:‘ Y(25)

: : reflection

|

:9.9 |—‘I—|E|1’_‘ ’-I;D?F‘J _‘\—‘10.4
M(Y7*r) o

(2.25+0.11+0.20) 103

(3.79+0.24+0.49) 103

Consistent with 1/2 of Y(5S)=> Y (nS)rtme
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Dalitz Analysis of "Y(5S)"—Y(1S)n%n°
M(s1,82) = Az1+Aza + A, + Ay, + AN

» Z 9 signal is not statistically significant
— Not excluded

- 0 - 0 With 2.° Without Z.°
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3“ rrri | L] | LI '|| rrr | 1 1\| | rrri '| L / Eﬂ _" LI rrTa [ ]
(a) A .
or o W[ B
v 3 [ ]
5 3wl :
w 20 - - w 40 [ -
= i = -
=] o ]
™ ™ N o
T i T - .
w0} 4 § 20F J
B = 10 — —
u L 1_L rI 1 LA .I 1 A 1 1 u 1 1 L L 1 | . T I I j Il I IiI|I 1 L

0.1 102 103 10.4 105 106 107 108 02 04 06 08 1 1.2 14 1.6

M(Y(1S)m)_, ., (Gev/c?) M(n'n"), (GeV/c”)
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Dalitz Analysis of "Y(5S)"—Y(2S)n%n°
M(s1,82) =Az1+Azo+ Ay + Ap, + AN
* 7,°(10610) signal has statistical significance 5.3c,
4.96 with systematics
— M=10609+8.6+6 MeV (Z,* M = 10607.2+2 MeV)

* 7,°(10650) not statistically significant (~2c)

PREL”\/”NARY . ”W|chb° Without Z,°

M(Y(2S)m) .., (GeV/c") M(n'm'), (GeV/e")

arXiv:1207.4345 D. Santel DIS 2013
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Charmonium-like Particles

Many identified:

* Y(4260) in e*e” — v, J/yn*n (BaBar)  prios, 142001 (2005)
* Z(4430)* — y(2S)n* in B—y(2S)Km (Belle) PRL 100, 142001 (2008)
* Two charged Zs — y ,m* in B>y KT PRD 78, 072004 (2008)

* Y(4008)? (Belle)  prL99, 182004 (2007)

— BaBar attributed structure below Y(4260) to exponentially decreasing
non-resonant J/ym*tm

* Bottomonium-like: Two charged Z,s — Y(nS)n* in
"Y(5S5)"— Y (nS)nt*n (Belle)  PRL108, 122001 (2012)

D. Santel DIS 2013 10



New Result on Y(4260) and Y (4008)

Belle Preprint 2013-6
arXiv:1304.0121

* Look for structure in Y(4260) — J/ym*m
— Full 967 fb! Belle data set

Background-subtracted

Signal Normalized sideband _
"Y(4008)" cross-section

100 T 80
% o hﬁ 2 w0 }| V(4260
: S
& =i :
: 4o:—+ WAREN P g T
3 20 b}i‘J hJ#ﬁH +#+1++ ‘wﬂﬁﬁm + ++ ! } 1g iH{* Hﬁ _________ HN{HJH+++HH}#f++ﬂ+m’f++++++++#+i+m

3638 4 4244 46 48 5 52 5.4 38 4 42 44 46 48 5 52 54
M(m*J/y) {GGWC‘?) D. Santel DIS 2013 Ecm (GeV) 11



* Fit of M(mt*m J/\|1) to two coherent resonances, Y(4260)

New Result on Y(4260) and Y (4008)

and "Y(4008)" '

:':%E 100 -—_ ' ‘ ------- Solution | _—

E - ;} ------- Solution I i

% 50 B .! ; —:

R . :

O*~ = :—1-"-'*‘:"‘- -;-FISI;;_'F-":"':"%"' mm i mnm s ms L=
M (Tt Jy) (GeV/c®)
M(R1) =3980.8 +40.5 £11.5 MeV | .
I(R1)=2545+395+13.6 Mev  Y(4008)
M(R2) =4258.6+ 8.3 £12.1 MeV Y(4260
I'(R2)=134.1+£16.4 £5.5 MeV ( )
_ Two solutions for relative phase:
Belle Preprlnt 2013-6 (I) — 59 +17+11 _116 + 6 +11

arXiv:1304.0121

D. Santel DIS 2013
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Select Y(4260) Events

o

= 100 - —
[ ] O i Solution |

= 3[ : -

— 3 TR = Solution 11

ol K

S50

- . -
- . - -l
- - "'--:I..- ........ — e
- - o —— - o mm e s = LTSl o m e e ome s o o B G R ] = E e
' Il A 1 e it Rt T TR e [ a1 B e

O =4 4.5 5 _ 5.5
M (7t J/ ) (GeV/c2)

* Select 4.15 GeV < M(rt'rt™J/Y) < 4.45 GeV
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Dalitz Distribution of Y(4260)—J/ynn

Belle Preprint 2013-6
arXiv:1304.0121

e Structures in M(mt*m) consistent 2t % |
with known resonances: f,(500), 321_5:_ e . i
f,(980), f,(1270) (MC, Red 8 | FEEerin VU
histogram) w ;ﬁﬁf*} |

* Additional structure in M(ntJ/y) g”‘h?:’:? Fogiid ¥
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£ 20f 215 2 15
e 2 10 2 10
M 10F w w
: 1 5 . 5
82 04 08 08 1 12 14 82 34 36 38 4 42 82 34 36 38 4 42
M(m*r) (GeV/ic?) M(r*Jhy) (GeV/c?) M(rJhw) (GeV/c?)
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Unbinned Maximum Likelihood Fit to M_ . (nJ/y)

 Unbinned ML fit of 70¢

single S-wave BW to ":E %0
¢35 90
MmaX(TCJ/\V) g 40;
* New resonance = %
Z(3895)* is observed s 20
LLI

with 5.2c
significance

M=3894.5 6.6 +4.5 MeV
['=63+24 +£26 MeV

Belle Preprint 2013-6

10§

—+ data
— Fit

— Background
-+« PHSP MC

oF

37 38 39 4 41 42
Mmax(mJ/y) (GeV/c?)
M, . (/) = Max of M(rt*)/y) or M(rtJ/w)

Also seen at BES

M =3899.0+3.6 +4.9 MeV
I'= 46+ 10+ 20 MeV
arXiv:1303.5949

arXiv:1304.0121 D. Santel DIS 2013 15



Summary

* Neutral Z, searched for in "Y(5S)"—Y(nS)n°n°
— Evidence for Z,°(10610) with 4.9c significance in
Y(55)—>Y(2S)°n® PRELIMINARY
* o(J/yn*n) measured in the region 3.8-5.5 GeV
— New results for "Y(4008)" and Y(4260)
e Z(3895)* observed in Y(4260)—J/ym* with 5.2c
significance
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