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4+ Recent selected hadron physics results
from CLEOc and BESII

+Charmonium physics
+Light hadron spectroscopy

+BESIII/BEPCII experiment status and
preliminary results

+Summary
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Topics are not covered

4+Open charm physics (D, Ds decays)
4+ Search for rare and forbidden decays

+Earlier physics results from t-Charm
colliders

41 apologize for not covering many
Important results
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Data samples

4+ CLEOC
+~27 million y(2S) decays
4+~5.4 million DDbar events (818 pb-1)
+~0.55 million ete- = D.,D.” events (600 pb-1)
+BESII
+~14 million y(2S) decays
+~58 million J/y decays
+BESIII
+~110 million y(2S) decays
+~200 million J/y decays
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Charmonia physics

*Wh at tO measure? '_ulnassigned Charmonium mesons
+Production, decays, pw 1T AT AR o RE AT
transition, spectrum oo —
4 For what ? R © Y (4040) ) sl
4+A lab for pQCDand 2 “*f —_—
non-pQCD L , ]
- i c Xer 2
4+ Calibrate LQCD = 3500 = g el
+How quarks form a I
hadron ? s000L
+ Why at tau-charm E = kv v e b
faCtO res 7 Orbital levels
4 A clean environment Examplels of Interesting problems:
. . * p puzzle
*Taggmg pOSS|b|e * Missing states ?
+ Abundantly « Mixing states ?
produced - New states above open charm (X,Y,Z,...)
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Jhy, y’— yn. and the n_ lineshape

PRL 102, 011801 (2009)  GLEQ

+ inconsistent(>3c) n. mass
measurements

4+ M1 transition poorly known;
4+ Data: y(2s) > nn- Jhy, w(2s), Iy > Y1

4 Exclusive channels =

Distorted lineshapes
. PRD 73, 054005 (2006) ok '
4+ Hard to determine mass and 004 014 024 034 oM

16 12 Exclusive ne
fromJ/v 2 y n¢

1 2 BW* E3¥

1. Candidates/10 MeV [x107]

) E(y) [GeV]
width Tty T
[ inclusive photon
B(w(2S)— Y n¢)=(4.32+0.16+0.60)X 1072 - /‘ from w(2s)> ¥ nec
inclusive | ! ) '
I - Line: sh
B(J/w— ¥ nc)/B(¥(2S)~ ¥ 1c) 5(459£0.2340.64)| 15| J‘.\ e e
exclusive - ’/’ I\ -
> B/ v— v 1nc)=(1.98+0.0940.30)% | mﬁ \\W _
| {h i ot
Lineshapes in exclusive channel at BESIII, of rﬂz Wﬁw
and energy dependent v (1S,2S)— vy n¢ ' ' '
. c 040 0.60 0.80 1.00
matrix element =» accurate nc mass & width E(y) [GeV]
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First observation of JA\y = yyy

+Quarkonium analogue of N s ey e
ortho-positronium. ‘
+Tag J/y with v’ —natnJd/y, 251 l
- 37 events are inconsistent with | oF
yro/m/Mm’'Mm,. yemmn, ’ffEUE?U] |
« 24.2 events remain after subtracting ] |
backgrounds (dominantly y n%«0).

+BJ/y —yyy)=(12£ 0302 X
10— first 3y decay mode of any hadron 20
+Agrees with LO QED, but NLO LD 4, 31

correction takes rate negative! (Higher M (11),,(GeV)
order corrections very significant.)
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+A search for J/y = yne; nc — yyleads

to an upper limit: *
B(’rlC_> y Y) < 3X 10_4 @ 90% CL 3.00 3.05 3.10 3.15 3.20
(PDG: B(nc — yy) =(2.7£0.9) X104 M (" n - recoil) (GeV)

PRL 101, 101801 (2008)
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J/y, y—=>y(n’ n, M)

4+ Measure:
B(¢(nS) — ~n)

1{‘2“ = . 11;(’)
B(y(nS) — vn')
Mode This result (10~7)

J/p — ym° 0.363 £ 0.036 £+ 0.013
— N 11.01 £ 0.29 £ 0.22
— n’ 524+12+1.1
— N < 0.02
— ~n’ 1.19 4 0.08 £ 0.03

Ry = (21.1 + 0.9)%

Ry < 1.8% at 90% C.L.
+ Ri1consistent with known n/ny’
mixing
4+ R expected to be equal to R:
but it Is not!

PRD(R) 79, 111101 (2009)

YN Mode
\V’
Yy mode
dominated by YY
3y QED
:|----|'--'|"(t';)'§
sl ]
1 l l _ 3n°
KRR
E'Uflil--w‘::i:"'f
] (e)
z_ :l l: _ Al
1_. ‘ v} v_
ity UTT 0;}:::::::.:1::::;
533_ (9)_3
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Study of y ., decays

+ Clean and multiple JPC states

4+ Especially two body decays:
4+ role of the color octet mechanism

4+ probe gluon content in final states

4+ substantial improvement over
current world averages in some
channels

Branching Fractions or 90% CL UL [10-9]

Mode Xch Xe2
FL This Work  6.37 £ 0.08 +0.29 + 0.32 1.59 £ 0.04 £ 0.07 £ 0.10
PDG [5] 4.87 £0.40 1.424+0.16

w070 This Work 294 £007£0.32x0.15 (.68 £0.03 £ 0.07 £ 0.04
PDG 2.43 + .20 071+ 0.08

KtK~ This Work 6.47 £0.08+0.334+0.32 1.13 £ 0.03 £ 0.06 £ 0.07
PDG 5.5 0.6 0.78 £0.14

KEKE This Work  3.49 4+ 0.08 +£0.17 + 0.17 (.53 £0.03 £ 0.03 £ 0.03
PDG 2771034 068 +£0.11

m This Work 3.18+£0.134+£0.31 £0.16 (.51 £0.05 £ 0.05 £ 0.03
PDG 244104 < 0.5

my’ This Work < 0.25 < 0.06

(0.16 £0.06 £0.01 £ 0.01) (0.013 £+ 0.031 £ 0.001 £+ 0.001)

PDG < 0.5 < 0.26

'y This Work 2.124+0134+0.18+0.11 < 0.10

PDG

1.7+04

(0.056 &+ 0.032 £ 0.005 £ 0.003)

< 0.4

PRD 79, 072007 (2009)
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Observation of % .; (1P) — y(p

Look for:

\V, _>'Y(|OW)X«CJ
Xca ™ Y (high) (p,®,0)

15505 MeVic') Events /([ 20 MeV/c?)

Significant signals:
Xc1™ VP
X1 YO

B B2 i

O WO W o WO

m B

4+ The process is expected to be

analogous to that of

production: J/v = vf,

+ pQCD, however, predicts rates an
order of magnitude below the

observations !

+ (Gao,Zhang,Chao, Chin.Phys.Lett.

23, 2376 (2006) [arXiv
ph/0607278])

10

., 9)

J-Z‘WE;;\'. ED .
P Iv‘( nrm) aof
J N 20f
02 04 ﬂIS [11:] Hillﬂ I-I;E.-.. :I:fi 'I-.Ifl‘ I.S-HE.IZI :q:: D
Mix'x) (GeV/c] = 16F
: 12
W | I\/I:(JT‘:JT‘JTO)'[b]' E of
; : =
U\\J' ; i C 4f
4 * v 1] -
L
055 00 075 080 0385 090 :II.'E‘S LM 105 1 4
Ml ) [GeVic]
3
. 2t
1. cut on hadronic W ais | .
0 - - T
2. look at Ey(low) 0.08 0.13 0.18 0.23 0.28 0.3:
E(y,) [GeV]
glueball Mode Bx10° U.L. [10°°] pQCD [10~ 9]
Xco — YpP" <96 1.2
Xe1 — 7p° 243 + 19 + 22 14
Xe2 — p° 2541078, < 50 4.4
X0 — YW < 8.8 0.13
Xel — YW 831512 1.6
Xe2 — YW < 7.0 0.50
. Xco — Y < 6.4 0.46
‘hep- Xer = Y6 128 +76+15 <26 3.6
Xc2 = VP <13 1.1

PRL 101, 151801 (2008)

Sep. 21, 2009



Light hadron spectroscopy

4+ Motivation:
4+ Establish spectrum of light hadrons
4+ Search for non-conventional hadrons
4+ Understand how hadrons are formed
4+ Study chiral symmetry in QCD

4+ Why at a tau-charm collider ?
4+ Gluon rich
4+ Kinematics favorable
4+ Clean environment, JPC filter

ﬁgmns
Many results in BESII:
Mwns ~50 pUblicationS
Much more from BESIII:
x100 statistics,
};‘]\( +10 yresolution
nadrons

Glueball spectrum from LQCD
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Observation of charged k at BESII

4+ « was first found in Kn scattering data

4+ However, its phase shift is much less than 180° and it
cannot be filled into any nonets of ordinary g mesons.
There have been hot debates on the existence of «.

4 In recent years:
4+ FNAL E791 found evidence of neutral « in D* ->Kr*r".

M =797+19+43MeV/c*,T =410+ 43+87 MeV/c*

4+ CLEO D% 5Kr*rn® data find no evidence of «.

+ FOCUS data on K*—>K-n*u*v require K*® interfere with
either a constant amplitude or a broad 0* resonance in
K.

4+ BESII observed neutral x in J\y - K*Kn — KnKz in 2006.
4+ neutral x pole: TN v 2
(841+£307,)—1(309t45-)) MeV/c

12 Sep. 21, 2009




The existence of charged « is expected !

4+ CLEO reported the necessity of Kkt > K*z" in D’ 5 KK 2" .

4+ However, no charged k is needed in BABAR data.

4 Charged «is observed at BESIin J/¥ = K™k - K z*K* 7"

» Different parameterizations of «
are tried in PWA. Consistent
results on the pole of charged «
are obtained.

(841+51711)—i(288£101%)) MeV/c’

» The pole position for charged «
IS consistent with that for
neutral ¥ within the error.

13
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First observation of y(2S)—>Q*Q)- «--fﬁ__-_—..-I
==
4+ This decay mode is thought to be mainly produced from

the annihilation of three gluons into ss pair.

data
B(y(2S) > Q'Q) = N"bsz :
N, s, BQ— AK)* - B(A = 2p)* - &

=(3.21£1.25+0.86)x107°

ID

> L entrie: BESII preliminary |
B 0.00 0.00 0.00
0.00 23.0 0.00
19 0.00 . 0.00 0.00
° o
1 o
.:é 1.8 |- o
Statistical significance ~ 5c = - s ©
o
1.7 o
: °§; o
R o o
1.6
[ L] l !
1.6 1.7 1.8 1.9 2
M AK
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QCD studies at low energies

4+ Understand where exactly pQCD becomes invalid
4+ Precision measurement of o, =»running
4+ Precision measurement of R

4 input to

4 Precision at ~ 3.5%

2Kl YaVaY

+ Related to aqgp (), prediction of higgs mass and g-2
+ A new measurement at BESIl on R

+ A new determination of a.(s):

BESIII: <2%

2\ — 114 ~=+0.012

a(M) = 0.117755%

E..(Ge | L(pb?)| R o, ()

V)

+0.030+0.125
260 | 1.222 | 218:0.02:0.08 |0-266 90" 5115
0. ]QE-I'EI L2840.103
3.07 2 291 | 2.13+0.02+0.07 —0.028—0.101
0. 2':'?+D L0154+0.104
3.65 6.485 | 2.14+0.01+0.07 —0.015-0.104

In good agreement with previous results

15
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BEPC II Storage ring: Large angle, double-ring

—-,141" W I
BESIII detector Mgz !
. : / y, .__\_" ‘.‘ . __’ ;! | '\_. ..I‘\ _ n
= v“ 5‘._ — -._ g

Beam energy:
1.0-2 .3GeV

Luminosity:
1X10% cm2s

Optimum energy:
1.89 GeV

Energy spread.:
5.16 X 10+

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91 A

Sep. 21, 2009



BESIII Commissioning and data taking milestones

Mar. 2008: first full cosmic-ray event Peak Lumi. @ Nov.
April 30, 2008: Move the BESIII to IP 2008:
July 19, 2008: First e*e- collision event in BESIII 1.2 x10%2cm-2s-1

Nov. 2008: ~ 14M y(2S) events collected Zggg_'—“mi- @ May

April 14, 2009 ~110M y(2S) events collected(x4 CLEOC) 3 2%10%2cm-25-1
May 30, 2009 42 pb-! at continuum collected «5 CESRC
July 28, 2009 ~200M J/y events collected(x4 BESII) «30 BEPC

>




inosity vs Time

Achieved Lum
Record: 0.32X10° cms! reached in May 14, 2009

OZ—G0-a002
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b= gl o T P
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.U.

L= L= L= L= L= L=

—l
(]
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HisTh
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-

Gy
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BESIII collaboration

Political Map of the World, June 1999

EUROPE (8)
US (6) _——_ Germany: Univ. of Bochum,
Univ. of Hawaii =~ .~ © == Univ. of Giessen, GSI
Univ. of Washlngton ~” CRussia JINR; Dupna BINP Novosibirsk
C%rneglil\l\/}{elljnqg Univ.© . taly: Univ: ofTorino, Frascati Lab
niv. of Minnesota Netheﬂar_}d‘ K‘VI/Unlv of Gronlngen Korea (1)
Univ. of]!?oc ester . e oot T Souel ity
Uniy of In a. J"Oﬁﬁ e Tl “
‘l‘l ITER \.?a i _ _:. - -'~--:;"' ey e g
e a1 ~~-_;' s *! ® Japan (1)
o age Paklstan (1) =S Chll”l&‘(ZG)‘bo Tokyo Univ.
® B T Univ-eL PUNIADE b ccAST, Shandong Univ,, =
= e _-I’}'—_'“ Univ. of Sci. and Tech: of China
7 : Zh@_ﬂrang Univ., Huangshan Coll: &
L B 'Hua;hongIQonnaJLHﬂv”VVuhanLhﬂv.
) ; Zhetigz'ihou Univ., Henan Normal Univ.
e ¥e Pehngthnv Tsinghua Univ,,
-Zhongshanthuv Nanka|Unn/
E Shanxi Univ.;/Sichuan Univ
; : Hunmenn/ - Liaoning Univ.
gy - Nanjlng Univ.,-Nanjing Normal Univ.
Guangxi Normal Univ., Guangxi Univ.
~ 300 collaborators Hong Univ., Hong Kong Chinese Univ.
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Detector performance and calibration

Wire reso.
Design: 130 um
i_ 200

. Layer 7
. Layer 22

150

100

Spatial resolution

a..‘.'

14,
o

0 1 | 11 1 | 11 1 | 11 | | 11 1 | 111 | 11 1 | I | 11 1 | |
-8 -6 -4 -2 0 2 4 6 8

Drift distance (mm)

- CslI(TI) energy reso.

Design: 2.5%@ 1 GeV

[ -

E o MC .......................... Bhabha ......

Resolution(%)

50

60
nTheta

| bitrunc {bitrunc>300&&bitrunc<7008&&ptrk>1.85&&ptrk<1.92} I

htemp
Entries 271070

dE/dx reso.: 5.80%
Design: 6-8%
12000
10000
8000
6000
4000

2000

Mean 545.7
RMS 35.37

| - I | - | | R R} 11 1 | | L1111 | | - | 11
L 300 350 400 450 500 550 600

650

Ll | | -
700
bitrunc

[ E Barrel TOF reso.: 78 ps 1 Double Layer

, Design: 80-90 ps

120

100
90

80

60

70 80
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EM transitions: inclusive photon spectrum

M. (2'S,) v (2S))
1 — X2 (1°P,)
n h, (1°P4) S . (1°P))
X L2

— % XCZ E | I Aeo (13P0)
m _-—
=
7] N LIy (1°8,)
Q - 1
- N, (1°Sy)
+= 200— ]
L Xer,22Y /v -

100}

BESIII preliminary

ot

1000
E /MeV
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Observation of h_. E1-tagged y(2S)2>n’h_h_2yn.

— F —_— 80’0
§ 2500 = I background subtracted BESIII
S 2000 S 0p preliminary
2 1500 - BESIII P
= C . -
o C preliminary S
2 1000 F >
&= . N(h_ )= 2540+261 =
soof  x°/d.0.f=39.5/410
050 T3S s 38 3si 3;0" By T R ¥ Ry
7° recoil mass(GeV/c?) ' ' ' ' '

° recoil mass(GeV/c?)
+ Select E1-photon to tag h,
4+ A fit of Double-Gaussian signal+ sideband bkg. yield:
M(h.)""¢ = 3525.16 +0.16 +0.10 MeV
I'(h,)"¢ =0.89+0.57+0.23 MeV (First measurement)
Br(y’>nh_ )X Br(h . >yn, )¢ =(4.69+0.48(stat)) X 10 (I'(h,) floated)
=(4.69+0.29(stat)) X104 (I'(h,) fixed at T'(y.,))
4+ Systematic errors under study
4+ Details = Dr. LiGang’s talk (see parallel talk)
2% Sep. 21, 2009



Observation of h, : Inclusive y(2S)2>n’h,

- 25007
50000 = : background subtracted BESIII
= Tt o S 2000 .
S = preliminary
S 40000 - . . — 1500 F
=~ - Inclusive = recoil y s
= W
£ 30005 mass spectrum £ 1or
5 - 2 500k
e - -
&= 20000 BESIII = 0
- preliminary -
10000 |- -500 F
| e | . E YRS SRR TN RN AN TN NN SN TN AN SR TN NN SR (N SR SO SR SN S
950 3.51 3.52 3.53 3.54 1009 5o 3.51 3.52 3.53 3.54
7 recoil mass(GeV/c?) 7 recoil mass(GeV/c?)
4+ Select inclusive n° Systematic

errors under

+ Afit of D-Gaussian signal + 4" Poly. bkg yield Jj/°"

N(h.) =9233+935,  y2/d.o.f =38.8/38.0
4+ Combined inclusive and E1-photon-tagged spectrum

Br(y'>n%h. ) = (8.421+1.29(stat)) X 10+ (First measurement)
Br(h.2yn.) = (55.7+6.3(stat)) % (First measurement)
+ Detalls = Dr. LiGang’s talk (see parallel talk)
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Study of y(2S)— yn’n’ , ymm (n —yy, ©n° —yy)

4+ Interesting channels for glueball

searches

4+ Based on 110M y(2S)
4+ BK study from 100M inclusive MC

sample and 42pb-1 continuum sample 2100

4+ Unbinned Maximum Likelihood fit:
4+ Signal: PDF from MC signal
+ Background: 2" order Poly.

BR (10°%) Xco Xc2

non0 | BESII 3.25+0.03(stat) 0.86+0.02(stat)
PDGO08 | 2.43+0.20 0.71+0.08
CLEO-c | 2.944+0.07+0.35 | 0.68+0.03+0.08

mm BESIII | 3.1+0.1(stat) 0.59+0.05(stat)
PDG08 |2.4+0.4 <0.5
CLEO-c | 3.184+0.13+0.35 | 0.51+0.054+0.06

CLEO-c
24 arxiv:0811.0586
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~40C N, 0166451175
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Confirmation of the BESII observation:
pp threshold enhancement in J/y decays

BES I J/wv—ypp

15:' I 1 I I | 1 I I

=

EviaN. 005 Gae®
=

M(pp)-2m, (GeV)

— +3 +5 2
M 1859_10 e MeV/c

" <30 MeV/e2 (90% CL)

PRL 91 (2003) 022001
25

60

50

40 it
30F °
20 |

10 |

BES Ill preliminary

| y(2S)— nnd/y

Mpﬁ-Zmp(GeWCz)

M=1865 + 5 MeV/c2
T <33 MeV/c? (90% CL)
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No pp threshold enhancement in y’ decays

PRL 99, 011802 (2007) w'— vy pp @BESIII
w(2S) — v pp @ BESII

et FERNRNT
- | S \MHHHH HMH |{|

O Y s ous BEsm

Prelnmmary

M | 1

805 0 005 01 015 02 025 03
m(pp)-2m_ (GeV/c?)

10

Events / 0.005 GeV/c?

No significant narrow strong
enhancement near threshold
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Study of x., ~ VV, V=0,

+ Test QCD-based theory at y.; decays

+ Puzzles for y., =2 VV: no helicity
suppress

+ 2., 2 90, oo is only allowed for L=2,
suppressed ?

BESII results:

BR(lO-S) XCO XCZ

oP 0.93+0.20 | 1.5+0.3
10} 2.3+0.7 2.0+0.7

 BK from sideband & 100M MC
+ %5 2 00 OZI doubly suppressed events

r‘\!&\ 95|||||||||||||||||||||||||||||||||||E .Clearxcled)d)Sinal
v 8F E |
S E L 4| BESII
~F Tk Z preliminary Zcz |
= 6F - = W 120
L |
5 B 100
3 E Aci |
ar 80
- E ZCO
3¢ ] 60 |
2; = 40 #H " * {
b | | | | | | | ] 20 ++*H ** t f *i
- s st te et +""*1-0- sat o ae ¢+__L_+3:‘. +
% 1 2 3 4 5 e; 7 28 04 =V 3 3.6
M: (GeV) m,, (GeV)
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Flrst observatlon of Y., 9 0)(])

- 3400 | 2 T
“? e | ~data §35  ~data
u %30' - £ 30, B
5 9 MC | MC
o T 20F S -
103— — I 15; s
- ERR (s - I‘ + -
‘ s AT YO I +,¢#=|$ ﬂ&ﬁL . )i 1r++++
040t 04z 043044045 “-15%06-;5, P8 1 1.02 1.04 1.06 1.08 87072074076 0.76 0.8 0.820.84 0,86 0.88 0.9
M, (GeV)
M...(GeV)
= ' BESIII preliminary
oF Aco 4+ Background from
r sideband & 100M MC
e events
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BESIII Prospects

4+ BESIII will resume data taking after summer shutdown,
~5 months until next summer.

4+ Possible data taking plans:
4+ 500-1000 M J/y events (2-4 months)
4+ 500-1000 M y(2s) (2-4 months)
+ 2fbt w(3770) (4 months)
4+ Lineshape scan of y(3770) (2 weeks)

4+ Data taking plan in the future:
4+ ~10B J/yevents (1year)
+ ~3 B y(2s) ( lyear)
+ ~20 fb! y(3770)+ y(4040)+ y(4160) (~5 years)
4+ R scan/resonance scan: 2.0-4.6 GeV ( months)
4+ Tau physics (months)

4 Possible upgrades:
4+ Luminosity: crab waist, bunch spacing, ...
+ Beam Energy: E, .= 4.6 GeV = 5 GeV
4+ e- Polarization

294 Detector: TOF, inner DC, ...

To be decided in Nov.
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Prospects: reach charm programs

+BESIII (2008 — 2018 ?)

4+ Future charm programs
+LHCb at CERN (soon)
+BELLE Il at SuperB factory (~ 2014 )
+PANDA at GSI (~2015)

+New machines under discussion:.
+Frascati(super flavor factory) 2020 ?
+Novosibirsk(super tau-charm factory)

L ~ 10336 cm—=st
Expand the life time of tau-charm colliders to

> 50 years !
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Summary

4+ Great progress by CLEOc charmonium
physics

4+ Continuous contributions from BESII

+ BESIII is operational since 2008:
+ Detector performance excellent, ready for physics

+ High quality data samples in hand
4+ Analysis in progress, papers in a few months

+In the next few years, there will be great leap
on physics of light hadron spectroscopy,
charmonium, charm, tau and QCD.

4+ More exciting results is coming
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