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Part |: the Y states



Charmonium states in ISR production

JPC = 1-
v,y Y.
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_/K_




PRL95, 142001 (2005)
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¥ \y sample: Data vs MC

BELLE

We used Phokhara
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Good agreement between data and MC simulation.
=>» (ISR events & background low & MC reliable)
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BELLE
Clear signal of misged massless particle (y,sg)
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e e — m'nwJ/y via ISR
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Belle: C.Z.Y & C.P. Shen et al., arXiv:0707.2541, to appear in PRL
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e ¢c— m'mwJ/y via ISR
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Belle: C.Z.Y & C.P. Shen et al.
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Fit with function Babar used. Similar results are got.
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e'e— m'J/y via ISR
e Non resonant Jhyrm ?
» Re-scattering ee —» DD — Jhynrr ?

goF T~ Tt 3« Another broad state ?
[ ¥ j — Check the latter hypothesis and
vyt influence of interference of Y (4260) with
=00 i) e Solution One non-Y contribution:
§ ....... Sohdon Twe 1 — Fit with 2 coherent BWs
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e
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0 4 45 5 5 5 o (R1) 226 =+ 44 + 87
+ - 2
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section — large uncertainty) b 12 +£2007 . 111472

Belle: C.Z.Y & C.P. Shen et al., arXiv:0707.2541, to appear in PRL



e'e— ' y(2S) via ISR at BaBar
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BaBar: B. Aubert et al., PRL98, 212001 (2007)
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BELLE

o Clear signal of missed massless

y(— Jy nn) + e + no extra tracks particle (M *(y'nn)~0)
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e Polar angle distribution agrees well with
ISR expectation

« Combinatorial background estimated by
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X are negligibly small

Two significant clusters: One is near BaBar reported
enhancement PRL98, 212001 (2007) + NEW at M~ 4.7 GeV

Belle: X.L. Wang & C.Z.Y et al., PRL99, 142002 (2007)
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Wy cc— nny(2S) via ISR
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<o e'e— K"K J/y via ISR

BELLE

e CLEO-c observed 3 K'K-J/y at Ecm=4.26 GeV
and assumed from Y (4260)

» Belle : first observation of e*e- =2 J/\y K*K- and
evidence for e'e- 2 J/y K{Kq
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Consistent with isospin (0.5)

Belle: C.Z.Y & C.P. Shen et al., arXive:0709.2565



e'e— K'K-J/y via ISR
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KK Invariant mass tends to be large!

Belle: C.Z.Y & C.P. Shen et al., arXive:0709.2565
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<o e'¢c— K"K J/y via ISR

BELLE
New resonance or just PDG y(4415) + 1 BW:
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Belle: C.Z.Y & C.P. Shen et al., arXive:0709.2565
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Part 11: the Y states?

Belle: arXiv:0710.2577 [hep-ex]



Belle has ~ 22 b1

Y(5S) data, so we

cand

o it!

T(4S) DECAY MODES

Mode I = 20.5 MeV Fraction (r;/T) Confidence level
rh BB > 96 % 95%
[N B* B~ (50.9 £0.7 )%

+ H | L P

M3 D anything + c.c. (178 £26 )%
M4 BOBY (49.1 0.7 ) %
r -BB - < 4 % 95%
[_5 n0n+ _ ree - 027 keV N _5
6 ete ( 1.5740.08) x 10
Iy J/4(1S) anything < 19 x 1074 95%
s D** anything + c.c. < 14 % 90%
o ¢ anything (7.1 £06 )%
Mo o1 < 25 x 10~° 90%
M T(1S) anything < 4 x 10~3 90%
o TAS)n 7~ (9.0 +1.5 ) x 107>
M3 T2S)x 7~ A~ (88 £19)x107°
l14 d anything \ le x 1072 90%

Motivations

Y, states as analogy to

the Y(4260)?

G. W. S. Hou: PRD 74,

017504 (2006).

T(10860) DECAY MODES

PHYSICAL REVIEW D 75, 0
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Mode F = 110 Mev Fraction (I';/T) Confidence level
e e” ( 28 +07)x10"6
5 Bg)i Fee = (0.13 keV (59 +14 )%
M3 BB - 13.8 % 90%
M4 BB + cc (14 +£6 )%
I B'B* (44 £11 )%
M BBz 19.7 % 90%
I, BBrx 8.9 % 90%
s Bg')gg')(X) (195 7 39)%
r9 BSES
I'm Bs ;-*- c.C
M1 B:B:

Inclusive Decays.

These decay modes are submodes of one or more of the decay modes

above.
M» ¢ anything (138 F 23 )9
M3 D9 anything + c.c. (108 +8 )%
s D anything + c.c (46 +6 )%

J /v anything ( 206+ 0.21) %

~1.7x107°

expect limits only ...




Y(4S) —» Y(IS)n'n~ Template

PHYSICAL REVIEW D 75, 071103(R) (2007)
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Z Y(3S) —» Y(I1S)n"n~ Understanding

BELLE

PRL 98, 132001 (2007)
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<> Event Selection for Y(nS)h*h-

BELLE
e Track
Prompt: within 5 cm of IP in z (beam direction)
1lcm In transverse
o LU+ hth -
Muon ID; loose h =&, K

No other charged tracks with pr > 100 MeV/c

o IM(u ) - M(Y(nS))| < 150 MeV/c? (30)
Y(nS) candidate

Main bkg : p'u-y —» pu-e*e that mimic Y(1S)e*e- (conversion)

e COosS 9 . <0.95
e reject e* faking as =*
Electron ID

e h=Kcase Remark: Looser than Y(4S) — Y(1S) n*n~ analysis
Kaon ID Cross checks w/ Y(4S) and Y(3S)



e'e-—> Y(nS)h*h—at 10.87 GeV
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SO Remarks
ee” - Y(I1S)n n~

uprr candidates in Y (1S)—su’u” region

250
200
150
100
50
0

Entries / 0.010 GeV/c?

0.4 0.6

o Structure at ~ 0.84 GeV/c? below 3S: “Y(5S)” — Y(2S)rn*n~
b Y(1S)+X
some other reflection ?

¢ “Y(5S)": single E\ energy at 10.87 GeV
No clear indication of radiative tall
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</ Yield: Unbinned extended ML Fit
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LN Ny) =~z | [[Ne-PL(AM)+Ny-Po(AM;)]
_ ‘ b LY i=1 ‘ >
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M(nrt) and cos0,,, Distributions
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N.B. other two modes use B-C model due to limited statistics
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SO Summary on Y(nS)h*h

BELLE

Assume “Y(5S)” = Y(5S) PDG values taken for Y(nS) properties
Process Ny Y / o(pb) \ B(%) I'(MeV)
T(lS)r+ — 325720 200 /1.61 £0.10£0.12\ 0.53 +£0.03 £0.05 0.59 = 0.04 & 0.09
T(29)r+t 186 4+ 15 140 2.35+0.19 £ 0.32 | 0.78 £0.06 = 0.11  0.85 £ 0.07 + 0.16
Y(3S)rtr~ 1057538 320\ 1447052 +019 [ 04870184007 0525020+ 0.10
T(lS)K+K 20.23; 4.90 018510017 +0.02¢ 0.06175015 +0.010 0.067T001 +0.013

N.B. Resonance cross SGCW Ci

0.302+0.015 nb at E¢,=10.87 GeV Y(2S) > Y(1S) n'n- ~ 6 keV
Y(3S) 0.9 keV

PRD 98, 052001 (2007) [Belle] Y(4S) 1.8 keV

B and I" depends * Recall Y(4260) =——> Need Mechanism

strongly on Y(5S) :
resonance e |s this Y(5S), or the Y, state?

parameters! = Need Scan to tell



R Value

What is Y(5S)?

BES: PRL 88,

} 101802 (2002)

T

3 ¢ i i i

; EE} {}ﬁQM E@ﬁ }

}%i..| ......... L L N N '
T Y Emeey)

Constructive interference between
amplitudes?

We are exploring a mass regions
with many open-flavor threshold!

Need more study!

H‘«fISIE-LE

\ Y(5S)

CUSB: PRL 54,
377 (1985)

1 i |
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Summary

» Observation of Y(4008), Y (4260), Y(4360),
Y (4660) states in ISR data

» Observation of e'e 2> J/y KK~
» Evidence for e"e- 2 J/y KKq

» Observation of e*e-— Y(1S) ™, Y(2S) wrn~
at Ecm=10.87 GeV

» Evidence for e'e-— Y (3S) n™n, Y(1S) KK~
at Ecm=10.87 GeV

What is the nature of the Y states?
How to understand the large Yt~ cross section?



More information



Y (4260) 1n other experiments

«, BaBar, PRL 95, 142001 (2005) . CLEO, 2006, —
> msi . 7711 PRD74,091104(R) 1w} || v©®
gso__125+23 eyvts m H > sk .
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60} 12 |cLEg £||h
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Y (4260) 1n other experiments

X.H. Mo et al, PLB 640, 182 (2006) |N=165+24
Using R-values from BES experiment. |M = 4295J_r10j§0 MeV

- -6

35 . _
Fit 1 I -BY >7x'7n7)/y)=87%1.1":eV
e [
> 300 Belle, hep-ex/0612006
= superseded by
% 251 arXiv:0707.2541
1 320
W r
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4300 Y@ CHARMONIUM (?)

SPECTRUM
4200 Less known states:
W(460)== + y(4040)
4100 . \V(4160)
4000 FW(4040 ) s e \y(4415)

Y(3940) X(3940)

Z(3930) —— "= New states from B-factories:
3900 — X(3872) > X(3872)=DD* (?)
> X(3940)=n.(3S) (?)
Mo Charm threshold > Y(3940)=7
o f— s e > Z(3930)=y,(2P)
'Sy 7 o > Y (4008)= wy(3S) (?)
00 J_ —”W | > X(4160)=yx,(3P) (?)
- / }'SPJ > Y (4260)=hybrid (?)
S oy
1300 > Y (4324)/Y (4360)="
» Z(4430)=tetraquark(?)
> Y (4660)= y(5S) (?)
2100 n =51 L J New states every ;/Vear!
What are they?
200 015 5 PC Charmonia? Exotic states?




z Y(5S): Systematic Uncertainty

BELLE
Source Y(1S)n'n~ Y(2S)n'n~ Y(3S)nw'n~ Y(1S)K'K-
Tracking 4.1% 4.6% 5.6% 4.1%
Lepton Ident. 1.0% 1.0% 1.0% 1.0%
Electron rejection 0.2% 0.2% 0.4% 3.6%
Fitting 1.5% 3.7% 1.7% 1.4%
nt model 4.4% 6.8% 3.2% 13.6%
M(uunm) selection 2.6% 2.6% 2.6% 2.6%
Bhabha rejection 1.9% 1.9% 1.9% 1.9%
Trigger 0.9% 3.1% 4.5% 1.0%
Luminosity 1.4% 1.4% 1.4% 1.4%
Cross-section 5.0% 5.0% 5.0% 5.0%
Y(nS) — pp bf 2.0% 8.8% 9.6% 2.0%

Total 9.0% 14.4% 14.0% 16.1%



Corrected Y(4S) —» Y(1S)n ' n~

: No - | TI{]‘II QIC\t IR.I \1II\\ rI )I .r | {I] [II](I.HIIITlI[II(?{I‘TI
_ % - 3rd peak Y(4S)-=Y(1S)n'n
1O 25t }
{lg {4771 | [43.9£7.9f ,
| st 1| Uncover from this study
1= 15 — + 1| - Data and signal yield correct
_____ il € al ] . . .
RN A s T | w- i| - Efficiency estimate for signal
b el % normalization was wrong
04 06 08 1 12 14 16 18 1061081111211411611812 i .
AM (GeVic?) am@eve) | New preliminary Result:
r\7(:10.8 ' - N(\_, 40
106} E «f 112 fb~! 93+ig Bf =1 06_%)11781 0.09x10™
Q104 F 0 3
e S _ +0.37
L o X l l l « Based on new data skim
e I M I le (112 fb7t) wi/ 4x efficiency

VT% w 1« Now consistent w/ BaBar

g bt ""‘Of6'"Of'g""'{""'ifz"""'l‘fgl‘ﬁM 07715 11 155 12 1% Revised publication

M = MM ) GV AM = M(urm)-M(y) (Gevic?) coming soon



Y(5S) data

1985: CLEO,CUSB @ CESR ~ 116 pb-!

2003: CLEO Il @ CESR ~0.42 fb-1

2005: Belle @ KEKB ~1.86 fb?
engineering run

2006, June 9-31: Belle @ KEKB
=21.9fb1

H‘«fISIB-LE

CUSB: PRL 54,
377 (1985)

Y(5S)

Wi(GeV)

I T T I I I

CLEO: PRL 54,

381 (1985)

» _
Qf’ %ﬁ‘*'w:ﬂ
SN

CENTER OF MASS ENERGY (GeV)
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