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Data samples

4+ CLEOc

+~27 milliony(25) decays

4 ~5.4 million DDbar events (818 pb)

4 ~0.55 million ete- = D.D* events (600 pb-')
4+ BESII

414 million y(29) decays

4 58 million J/y decays
<+ BESIII

4106 milliony(29) decays
4220 million J/y decays
4 ~3 million DDbar events (~450 pb-)




Charmonia physics

+ FO r Wh a‘t 7 —— Charmonium mesons

_ | Mmstates O T L 0w 4w 20 2% 4 2. 3]
+In analogy to positronium " .. _ ]
+ A lab for pQCD and non- o - ]
P Q CD & o _—w4040] Yoo — |
. </} el — "
+ Calibrate LQCD = Y —
@ - N ;
4+ How quarks form a g ol LS T2 1
hadron ? : .......... 4
L _
4+ What to measure? so00ff ]
+ Production, decays, R P T R A S Y
transition, spectrum Orbital levels
D Examples of Interesting problems:
+ Why at BESIII
: e pt puzzle
+A cle_an environment . Missing states ?
4+ Tagging possible » Mixing states ?

*Abundantly produced  New states above open charm (X,Y,Z,...)

8details = Jingzhi & Jiaming’s talk in parallel session



Radiative decay: y(2S) —>yX

@ v(@29)2 vy :g |

+Hi gh statistics go ,'ji,ﬂ e i ;

4+Inclusiveand i~ [ k|
exclusive o Ly, 1)

* Excel lent g s :!: 34 .‘j " .5' 3.55 =
detector = Ey -
performance 3

<= 200 —
¢+very good = :
photon ool E
resolution S a
BESIII preliminary -

of

1 | | ] |
200 300 400 500

|
1000
E,/MeV



h.analysis: Motivation

+h, knowledge IS lack till

recently |
4+ experiment E835: evidence in 9

pp —> h; = v, |
4 CLEOC: observed in 361

ete = v’ — nh,

+spin-singlet state: h, (L 1;S=0) 3 ‘“‘“34:

4 spin-triplet state: y,, (L 1;,8=1)
4+ Potential model: 1P Hyperflne =32
mass splitting AM,; =M<1'P > - _
M<13P,> =0 = No spin spln a0l
interaction
+ Theoretical predictions(see .

next slides)

+ Experimental difficulties: small
phase space in y'— n°h,

PRD 72, 092004 (2005)

3960805012
— w(1301) 2 M(D) —
__________ S
s ¥
— s Xl 1PN

/

fnelis

4
| 1(15)
:JF'C= 0+
 L=0

-
0

1+-

1

0++

1

1++ 2++:

1

1]




Observation of h, : Inclusive (tagged)

4+ Select inclusive n° (y'— 7°h, ) o s
4+ Select E1-photon yto tag h,—~yn, 2 w4 h
+Double-Gaussian ® BW signal + 2"
El-photon sideband bkg . /
= 30 :
£
2 4000 -
Results: = 3500
+ Br(y'— n%; ) XBr(h,—ym, ) £ s
=(4.58+0.40+0.50) X104 3 %
+ M = 3525.40 +0.13+0.18 L
MeV/C2 1000%— -
4+ I =0.73+0.45+0.28 MeV 0.

(<144 MeV 90%CL) 0= '3.|51' — '3.J52' — ‘3.‘53' — '3.|54‘ |
1 PRL 104, 132002 (2010) ™ recoimass (GeVic)



Observation of h, :

Inclusive (untagged)

4+ Select inclusive n° (y'— 7°h. )

4+ D-Gaussian ® BW signal + 4t Poly. bkg
xed as tagged

4 Fit: mass and width fi
measurement

Combined with tagged
results, we firstly
measured:

4+ Br(y'—n°h.)

Events/1MeV
3 3
= =
S =

=(8.4+£1.3+1.0) X104 ™|
+ BI’( hc—>‘y1’]c) 10000;

=(54.34+6.7+5.2)%

12 PRL 104, 132002 (2010)

30000 -

_____ BESIII

L 2500
L2000 F
- 1500}
" 1000
[ 500F
0f
-500 F
1000 ¢

O_I

354
n° recoil mass (GeV/c?)

3.51 3.52 3.53



h. : analysis summary

BESIII CLEOcC
Br(y'— nh_)XBr(h, 4.58+0.40+0.50 4.194+0.324+0.40
—~M. ) [10-]
M [MeV/c?] 3525.40 +0.13+0.18 3525.80 +£0.19+0.11
T [MeV] 0.73+0.45+0.28 1.1 (NRQCD) Kuang
<1.44 @ 90%CL 0.51 (PQCD) Kuang
AM, «(1P) [MeV/c?] 0.10£0.13%£0.18 0.08+0.18%+0.12
=>consistent with CLEOCc results
BESIII theoretical prediction
Br(y'— n°h,, [10] 8.44+1.3+1.0 4-13
Br(h.—~ym. ) 54.3+6.7+5.2 41 (NRQCD) Kuang

88 (PQCD) Kuang
38 Godfrey, Rosner

Theoretcial predictions: PRD65, 094024 (2002) & PRD 66, 014012 (2002).
13



¥, decays: motivation

4+ Most hadronic decay

Channels Of XCJ NOot We” known Exclusive decays of x_ are a good

laboratory to test the color-octet mechanism

+ Test color singlet / color octet ™ ™veve chamonium decays

[1] G.T. Bodwin et al., Phys Rev. Lett. D51, 1125 (1995)

m eC h an i S m I n XCJ d eC ayS [2] H.-W. Huang and K.-T. Chao, Phys. Rev. D54, 6850 (1996)

[3] J.Bolz et al., Eur.Phys.J.C2:705-719 (1998)

X
Xey X., ., X
—

., hadronic decays x., hadronic decays decay width

theory[3] PDGO8

at QCD leading order in the color octet theory | I'[ X, m°1°]/keV
[ [ x> 01’1/ keV

4 Study of singly and doubly X0 >Nl [ keV
OZl suppressed decays RS

23.5
1.93
32.7
2.66

25 2
1.4 +0.2
25 +4

4+ Study of light hadrons
produced in x.;decays

14




v’ =yl or ynn (m° or

4+ Interesting
channels for
glueball
searches

Understand vy,
decay
mechanism:
Q.Zhao PRD 72,
074001 (2005).

Unbinned
Maximum
Likelihood fit

+ Signal: MC

+ Background:
2"d order Poly.

15

n—>vy)

: 070 f, BESHI § 300 BESIIT
%“2000_— XCO’Z g i
3 g 200
810001 W
s 100
D : I
e o T .0 o B e ————lL
0.1 0.2 03 0.1 0.2 03
E(y) (GeV) E(y) (GeV)
BR (10-3) X0 X2
non0 | BESIII 3.23+0.03+0.23+0.14 | 0.88+0.02+0.06+0.04
PDGO8 | 2.434+0.20 0.71+0.08
CLEOc | 2.944+0.07+0.32+0.15 | 0.68+0.03+0.07+0.04
nn | BESIl | 3.44+0.10+:0.24+0.13 | 0.65+0.04+0.05+0.03
PDGO8 | 2.4+0.4 <0.5
CLEOc | 3.18+0.13+0.35 0.51+0.05+0.05+0.03

PRD 81, 052005 (2010)



Study of ., —~ VV, V=w,

BESII results:

+ Test QCD-based theory at y.; decays

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

Suppress

+ ., > 0, oo is only allowed for L=2,

suppressed ?

+ %.; 2 o0 OZI doubly suppressed

16
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S 8:— 3
S ‘ E
~ = 75 e ]
E 6 =
5- =
4 =
3F =
2- =

1 =

E oo 1o ] | | A A
% 1 2 3 4 5 6 7 8
M (GeV)’

EVENTS

BR(I 0-3) Xco Xc2
b 0.93+0.20 | 1.5+0.3
OO 2.3+0.7 2.0+0.7

 BK from sideband & 100M MC
events

* Clear y., = ¢¢ signal

| BESIII

1o preliminary Zcz |
120 |
100
<0 ch |
ZCO
60 | {
40 } {
20 H*H* }H’r *
oy t
4 +++* Hhy L, + A *+
Oliasn sttt P v S Nt
3.3 3.4 3.5 3.6
m,, (GeV)



Flrst observation of Xes 9 (D(I)

“? % i ~data §35 ~ data
: E30f- £ 30t
b 20 —MC i —MC
15;— E 20:— _ 205 _
o ] ? SR ¢ E
13 ER s - 102 + E
L =l 0§ SRR NERE Lt -+-A¢F“|i +&*ﬁ:~ = + i 1r+_+_++
Y fos 1 102 104 1. ﬂ26(691‘003 8770720.740.760.78 0.8 0.820.840.86 088 0.9
M:+(GeV)
4+ Background from 25 Yo BESIII preliminary
sideband & 100M MC -
events 15
+ Clear signal from e
Xeo A1 2 o n°)o(K*K?) E%ll .

e
(=1

17



Light hadron spectroscopy

+ Motivation:
+ Establish spectrum of light hadrons

Glueball spectrum from LQCD

+ Search for non-conventional hadrons ol I
4+ Understand how hadrons are formed 0 —
4+ Study chiral symmetry in QCD 0 2+'—%ii= .
4+ Why at a BESIII ? e g
4+ Gluon rich 8| . —~
. . o) 2 _1+'— 13 %
+ Kinematics favorable e 2 — o
4+ Clean environment, JPC filter 70 2t 3
| 2

4 { O mm—m
hadrons
Many results in BESII: )M'W< 5| |1
~ 50 publications
Much more from BESIII: }Tﬂ;ﬂ( . ;
x100 statistics, hagrons o+ -

+10 yresolution
¥ Y. Chen et al., PRD 73 (2006) 014516

18 details = Liaoyuan’s talk in parallel session



Probe QCD

non-gg or non-gqq hadron spectroscopies:

Pentaquarks:
e.g. an $=+1 baryon L\ d
i@
Glueballs: e

gluon-gluon color singlet states ATh

W

Multi-quark mesons: c s

‘u

dg-gluon hybrid mesons ' c f‘f‘f?a

19



pp threshold enhancement @ BESII

+What could it

be? oV TP erL 91 (2003 022001
+pp bound state? | . X(1860)  BESII-
4+ FSIl effect? Ewo— J
+or both S [ M b

A e A S sl

0.10 0.20

M(p p) - 2m, (GeV/c?)

20

— +3 +5 2
M 1859_10 - MeV/c

I' <30 MeV/c? (90% CL)




X(1860) in pp close threshold

Several none observations...

PRL 99 (2007) 011802
20_IIIIIIIlIIIIIIIlIIIlIIIIIIIII_

- p(25) — ypp (BES-II) ]
15 =

.

No significant signal of
X(1860) found
(only 2o significance)

21

“FY({s) = 7pp (CLEO):
10f | ]

L L
i g

I LI I T NI I I
1.9 2.1 2.3 2.5 2.7 2.9 3.1

M(pp) (GeV/c?)

Events / 25 (MeV/c?)

8] o
IIIIIJ—“—I._,L

<
~~
S
|
£
i
W
[T]
¢
=

Events /{ 0.01 GaVic)
5

&

I
ol + EPJ C53 (2008) 15

EID 0020045 0.8 0.08 D1 120 J}-‘_I ﬂﬂﬂﬂﬂﬂ f-c'l? 2
"Mip Errl (GeVic)



pp threshold enhancement @ BESII|

Events/(0.005GeV/c?)

Published in

Chinese Physics C 34(2010)421

70 [y

6o+

50 | 1

BESIII

30 B g b =
20 s -~ }

.~
"""""
---------------------

10
i

Y s am 3y — P -
HA RGN

8.00 0.05 0.10 015 020

025 030
M __-2m (GeV/c?)
PP p

M=1865 + 5 MeV/c?
I' <33 MeV/c? (90% CL)

Events / (10.002)

300 0\

250 - o B\
o0}
150 f
100 F

50

)

—————— BESIII preliminary —

= R T N P HP R B Hf i
00 0.02 004 006 008 0.10 0.12 0.14
Mpﬁ-Zmp(GeV/cz)

M=1861.6 + 0.8 MeV/c?
I' <8 MeV/c? (90% CL)

Consistent observation by BESIII !

22



X(1860) In y(2S) decays (prelim.)

4+ Checked also for enhancement in y’
decays (High statistics)

W(28) — ypp (BES-III)

. 40f
,— S 35-
Confirmation of no e a0

observation of 9 25F ’ J | H ’

enhancement in 2 0- H‘ | H

y(2S) channel!! > 15F
S 1of

—pure FSI effect i 5§—+5E5' F_Bﬁﬁ”r:

unlikely 805 0 0. 6‘5‘ 01 015 0.2 025 03

m(pp)-2m_ (GeV/c?)

23



X(1835) at BESI|

4+ LQCD predicts the =
glueball mass of 0+is Jw >yr'mn

~2.3GeV. 120

4+ For O* glueball, it
may have similar
property as n. (the
main decay mode Is

in’).
4+ Confirmation of

X(1835) is necessary 4 20 , 26
with BESIII ~220M J/y M(z"zn’) (GeVicT)

data sample PRL 95,262001(2005)

L BESII

0
o

£
o

EVENTS/(20MeV/c?)

o

24



X(1835) at BESIII

S a00f 1= N 140 + 1 — 7
2 380 S 120f
< 300F gl B
= 250 €
S 200 5
W 450f i

100

50

%2 16 18 2 22 24 26
M. (GeV/c?)
Statistical significance ~18c Statistical significance ~9c

X(1835) confirmed by BESIII

25



X(1835) at BESIII

26

Events / (0.02)

500

400

300

200

100

Whether there are two
new resonances, further
careful study is needed.

2774k

ut

BESIII prellmlnary

4 16 1.8 2 22 —24 2.6
2
M, ., (GeVicY)

Fit result(Statisticsignificant~210):
M =1842.4 + 2.8(stat) MeV

['=99.2+9.2(stat)MeV




Charm meson production
4+ Threshold production at 3.773, 4.03, 4.17 GeV
e'e” —» DD,D.D,,D,D;

+If a D meson is produced here it must recoll
from a D meson & nothing else: not enough
energy to make any other particles

4+ Quantum Coherent of DDbar meson pair

+Double Tag techniques: (partial-) reconstruct both
D mesons

+Charm events at threshold are very clean
4+ Ratio of signal to background is optimum

+Lots of systematic uncertainties cancellation while applying
double tag method

27



Charm program

4 Absolute branching fractions

4+ Semileptonic decays
+|V.| and [V CKM matrix elements

4 Purely leptonic decays
+fy and f, decay constants

4+ Neutral D meson oscillations

+ Exploiting quantum correlations @ the y(3770)
4+ CP violation
+...

28



T Physics,QCD Testing and Rare decays

+ Measurement of T mass and branching
fractions —requires precise beam energy
measurement

4+ Precise R measurements, including
spectroscopy above DD threshold

4+ Hundreds of branching fraction
measurements

4+ Studies of invisible decays
4+ Rare decays
4

4+ Upgrades planned:
4 — precise Beam energy measurement system
+— Better PID system

29



BESIII #% A %€

*BESllliﬁ\g(.?»??O)#-élé*#‘_L RIR#HE, T4

£ 4% T ~450pb' g # 42
+ 8/ 49 3 o 47 &4 3t N F| Referee &
+ BESIII i 4 A= # vt %1
Year Running
2010 y(3770) and y((3770) scan
2011 JIy (+ vy (2S5)) OR wy(3770)
2012 y(3770) OR J/ vy (+ y(29))
2013 Ds + R (E >4 GeV) OR y(2S)
2014 Psi(2S) ORD s +R (E>4GeV)
2015 R(E<4GeV)and =

30



&’

4+ BESINAA2009F i A4 E X £ £ 2 kg, BB
2 AL THAGHE
YELGHERTERTT. SATOHEEE, @4 106M
v 4], 220MJ/yE#], 450pbT w(3770)# & % #k 42
*HEMYhRg R END

4+ Confirmation of pp threshold enhancement (Chinese
Physics C 34(2010)421)

4+ h_from ¢y’ — ©h_: mass width and Br(y’ — n°h_) and
Br(h. —~ yn.) (PRL 104, 132002 (2010))
*+y > yn°n®, ynn @ ,n—1vy) (PRD 81, 052005 (2010))
4+ Confirmation of X(1835) (Preliminary)
+ Observation of x-; = ¢¢, ¢, omw (Preliminary)
B OWBLREARTLELARIRT, Ki
FMAAF, &A1tk F A

31
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Systematic errors for h,

TABLE [.  Summary of systematic errors.

Source M(h.) (MeV /c?) I'(h,.) (MeV) B,(107%) B, X Bo(107%) By (%)
Background shape and fit range 0.11 0.23 0.4 0.22 44
Energy scale, position reconstruction and 1-C fit 0.13 0.06 0.5 0.10 2.1
Energy resolution 0.00 0.15 0.2 0.03 1.0
Background veto 0.05 0.03 0.0 0.03 0.3
7 efficiency 0.00 0.00 0.3 0.14 0.0
E'1 photon efficiency 0.00 0.00 0.0 0.10 1.2
Number of 7° 0.00 0.00 0.6 0.35 0.6
Number of charged tracks 0.00 0.00 0.1 0.06 0.1
N(i') 0.00 0.00 0.4 0.19 0.0
M(y') 0.03 0.02 0.0 0.00 0.0
M(n,.) and I'(n,.) 0.00 0.00 0.0 0.01 0.3
Total systematic error 0.18 0.28 1.0 0.50 5.2

34



Systematic errors for y.,—>PP

TABLE II. Systematic uncertainties expressed in percent.

Mode Xo = 77 Xoo = 77 Xco = M7 X2 = M7
Photon detection 5 5 5 5
() reconstruction 2 2 2 2
pZ, 0.9 1.2 0.1 0.3
XT,;?; - - 0.6 26
Signal shape 1.6 1.2 1.4 1.5
Background shape 0.5 0.5 0.2 0.3
Fitting range 0.3 0.3 0.8 1.3
Trigger 0.1 0.1 0.1 0.1
Ny 4 4 4 4
Total 7.0 6.9 6.9 7.5

35
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