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Tau & charm from dedicated colliders
ADONE, FRASCATI  ’69‐’90 SPEAR, SLAC,  ’72‐’90

6×1029 cm‐2.s‐1
BEPC, IHEP,  ’90‐’04
5×1030 cm‐2.s‐1

VEPP‐4M, Novosibisk,  ’02‐’12(?)
1×1030 cm‐2.s‐1

CESRc, Cornell,  ’04‐’08
7×1031 cm‐2.s‐1

BEPCII, IHEP,  ’08‐’18(?)
1×1033 cm‐2.s‐1



A very long history 
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CESRcBEPC
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Tau-charm production: e+e- collisionp
qe+

γ Vγ,V

qe-



Why it is interesting
in the past 
in the era of LHCWhy it is interesting

• Abundant resonances(J/ψ family huge Xsections)

in the era of LHC
in the future 

Abundant resonances(J/ψ family, huge Xsections)  
• Tau-charm threshold production(in pairs tagging 

background free, no fragmentation, kinematic constraints,background free, no fragmentation, kinematic constraints, 
quantum coherence,…)

• Charm quark: A bridge between pQCD and non-pQCDq g pQ pQ
• A ruler for LQCD
• J/ψ decay Gluon rich environmentψ y
• Flavor physics Complementary to LHC: virtual vs real
• A broad spectrum & efficient machine:p

⎟
⎞

⎜
⎛ tcu

⎟
⎞

⎜
⎛ τμe

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
bsd⎟⎟

⎠
⎜⎜
⎝ τμ ννν

μ

e



What (highlight) physics interested us
• Light hadron spectroscopy

– Full spectra: normal & exotic hadrons  QCDp Q
– How quarks form a hadron ? non-pQCD

• Charm physics
CKM t i l t SM d b d– CKM matrix elements SM and beyond

– mixing and CPV SM and beyond
• Charmonium physics

DD
hep-ex/0809.1869
IJMP A V24 No 1(2009) suppCharmonium physics

– Spectroscopy and transition pQCD & non-pQCD
– New states above open charm thresholds exotic hadrons ?

QCD l b QCD ?

IJMP A V24,No 1(2009) supp

– pQCD: ρπ puzzle a probe to non-pQCD or ?
• Tau physics and QCD

– Precision measurement of the tau mass and R valuePrecision measurement of the tau mass and R value
• Search for rare and forbidden decays 

Precision test of SM and search for new physics



BEPC II Storage ringBEPC II Storage ring:: Large angle, double-ring 
RFRF SR

Beam energy: 
1 0 2 3 GeV1.0-2.3 GeV

Luminosity: 
1×1033  cm-2s-1

O ti

0.

Optimum energy:
1.89 GeV

Energy spread:

2
mr
ad

8ns
.1cm 5.16 ×10-4

No. of bunches:
93
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2.5m
8ns

1.5cm Bunch length:
1.5 cm

Total current:Total current:
0.91 A

SR mode:
0 25A @ 2 5 GeV

IP

0.25A @ 2.5 GeV



BESIII detectorBESIII detector

SC magnet 1TM k SC magnet, 1TMagnet yoke
RPC

TOF, 90ps 

Be beam pipeBe beam pipe

MDC, 130 μm

CsI(Tl) calorimeter, 2.5 %@1 GeV



Drift Chamber：great performance
R S 130Reso. Spec.：130μm

Eff.: ~ 98%

Beam related backgrounds

σP=11.0 MeV/cdE/dx spec :6%
P



Drift chamber：data & MC comparison
Effi i l Effi i d ift di tEfficiency vs layer Efficiency vs drift distance

Wire reso. vs drift distance dE/dx vs P



TOF：best time resolution
B l D bl L(b l σt Barrel Double Layerσt (barrel 

single layer) 
& MC 

Z (cm)
Ti R l ti D i Bh bh Di

σt (endcap) 
Time Resolution

（ps）
Design 
Target

Bhabha Dimu

Barrel Single 
L

100~110 98.0 95.3

& MC 

Layer

Barrel Double 
Layer

80~90 78.9 76.3

Endcap 110~120 136.4 95.0



EMC: Excellent performance & data/MC agreement
Barrel energy resolution energy deposit for e+e- γγ

spec：2.5%@1GeV

energy resolution for Bhabha events Position resolution for Bhabha

4.4 mmspec：6mm/√E



Many great features
Photon detection: 
EMC+TOF 

Lowest electronic noise: < 200 KeV

Using timing info. 
to reject bks.

Air gapcrystal 
center Energy resolution 

in gaps: minimum 
dead materias 



μChamber
• Position resolution:

14 8 16 1

Noise rate

• σrφ＝14.8 mm，σz＝16.1 mm
• No technology for bakelite 

surface treatment: no linseed oilsurface treatment: no linseed oil 
• Good performance 

 
Depth of muons

No. of hits in each layer

MC
data

MC
data

Depth of muons
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BEPCII/BESIII physics runningBEPCII/BESIII physics running
• July 18, 2008，first collision event
• Nov. 2008, 13M ψ(2S) events
• Jan.-Mar., 2009：complete detector calibration, 

reconstruction, software tuning and physics preparation
• Mar.-Apr., 2009: 100M ψ(2S) events
• May, 2009： 45 pb-1   at 3.65 GeV
• June-July, 2009： 200 M J/ψ events
• Aug.-Oct., 2009：summer maintanance 
• Jan. 2010： ψ”data taking，∼400 pb-1



BEPCII commissioning: continual improvement 

Lattice optimization：
matching with

Beam current in BER 650mA
June 22, 2008 – Dec. 13, 2008

matching with
designed values
Debug systems: beamDebug systems: beam
obstacles, vacuum leak,
etc…
Increase current
gradually ： improve Beam current in BPR 700mA

June 26 2008 – Dec 13 2008g y p
vacuum
Increase luminosity ：

June 26, 2008 Dec. 13, 2008

Improve collision
parameters

16



L i it i tLuminosity improvement
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BEPCII Peak Luminosity evolution
Peak Lum history 3.2×1032cm-2s-1
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Luminosity improvement in 2010: Luminosity improvement in 2010: 
withwith 1W21W2 for SR applicationfor SR application

Luminosity（E32/cm2/s）
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Stable data taking of BESIII: eff. > 80%
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Primary physics results of BESIII
• Confirmation of BESII results

threshold enhancement γppbar  γωφ X(1835)– threshold enhancement γppbar, γωφ, X(1835), …
• New improved measurements

– hc, ηc, χcJ, , …
• New observations  

Exp.  Months  from the first 
event to the first paper

LEP 1

– χcJ decays
– hc decays

BELLE 17

Babar 20

– Light hadrons, … BESI 39

BESII 18

BESIII 18

Only a few approved 

BESIII 18

Three papers published 

8 papers in memo stage 
results to be shown here

p p g

Many more analysis on going



EM  transitions: inclusive photon spectrum

χc2
χc1

χco

χc1,2 γ J/ψ

ηc

BESIII preliminary



Confirmation of the BESII observation: 
th h ld h t i J/  d

BESIII

pp  threshold enhancement in J/ψ decays 
pγpJ/ψ ππJ/ψ,ψ(2S) →→BESII

M=1861 MeV/c2+6   +7
13 20

pγpJ/ψ →

M 1861 MeV/c

Γ < 38 MeV/c2 (90% CL)

−13 −20

0 0.1 0.2 0.3
J/

BESIII

M=1859 MeV/c2+3    +5

Mpp-2mp (GeV) pγpJ/ψ →
M=1861.6 ± 0.8 MeV/c2

Γ < 8 MeV/c2 (90% CL)
M 1859 MeV/c

Γ < 30 MeV/c2 (90% CL)
−10  −25

arXiv:1001.5328, accepted 
by Chinese Phys. C



Confirmation of BESII observation：
X(1835) in J/ψ γη’ππX(1835) in J/ψ γη’ππ

??? T ？??? Two new resonance ？

21σ：cesignifican
BESIII 
preliminary

 MeV2.8(stat)1842.4M
21 

±=
σ：cesignifican

BESII

MeV2.92.99 ±=Γ

BESII

MeV2 7(syst)6 1(stat)1833 7M
 7.7  

±±=
σ：cesignifican

 MeV)7.7(syst(stat) 3.207.67
MeV2.7(syst)6.1(stat)1833.7M

±±=Γ
±±=

Hadron 09



Confirmation of BESII observation: X(2075) 

..' ccpK +Λ→ψ ..J/ ccpK +Λ→ψ
MM
BESIII

X(2075) X(2075)MMppΛΛ

BES III preliminaryBESIII BES III preliminary 

BESII



Observation of hc in ψ(2S) π0hc,hc γηc

BK subtraction

BESIII preliminaryBESIII preliminary
N(hc)= 2540±261   
χ2/d.o.f = 39.5/41.0

M(hc)Inc  = 3525.40±0.13±0.18 MeV
I

arXiv:1002.0501
acceptedΓ(hc)Inc   = 0.73±0.45±0.28 MeV 

Br(ψ’ π0hc )×Br(hc γηc )Inc

=(4 58±0 40±0 50) ×10-4 

accepted 
by  Phys.Rev.Lett.

(4.58±0.40±0.50) ×10

Br(ψ’ π0hc ) = (8.4±1.3±1.0) ×10-4   

Br(h γη ) = (54.3±6.7±5.2) %

BESIII Confirmed the CLEOc 
observation,  new measurements of

0Br(hc γηc)     (54.3±6.7±5.2) %      
Γ(hc)Inc , Br(ψ’ π0hc ) & Br(hc γηc) 



ψ(2S)→ γπ0π0 , γηη (η → γγ , π0 → γγ )

ψ(2S) γπ0π0

Nχc0 16645±175 
±

ψ(2S) γηη
Nχc0 1541±56 
Nχc2 291±23 χc0

Nχc2 4149±82  χc2

χc2

χc2χco

χco

BR (10-3) χc0 χc2( ) χc0 χc2

π0π0 BESIII 3.23±0.03±0.23±0.14 0.88±0.02±0.06±0.04
PDG08 2. 43±0.20 0.71±0.08
CLEO 2 94±0 07±0 35 0 68±0 03±0 08CLEO-c 2.94±0.07±0.35 0.68±0.03±0.08

ηη BESIII 3.44±0.10±0.24±0.20 0.65±0.04±0.05±0.03
PDG08 2.4±0.4 <0.5
CLEO-c 3.18±0.13±0.35 0.51±0.05±0.06

CLEO‐c  arxiv:0811.0586Phys. Rev. D 81, 052005 (2010) 



Study of χcJ VV (V=ω,φ)

2cχ
BESIII preliminary

χcJ φφ

c
χm
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• Test QCD-based theory at χcJ decays
• Puzzles for χc0 VV: no helicity 

suppress

1cχ
χ

χcJ φ suppress 
� χc1 φφ, ωω is only allowed for L=2, 

suppressed ?

2cχ

First observation: 
φφ d

� χcJ φω OZI doubly suppressed

• χc1 φφ and ωω
• χcJ ωφ



Study of χcJ γ φ, γρ, γω

χc1 γ ρ
1cχ χc1 γ ωχ1cχ

1cχ

BESIII preliminaryχc1 γ φ

First observation:

S p e a yχc1 γ φ

First observation: 
χc1 γφ



BESIII data taking plan
Previous 
Data set 

BESIII Near future BESIII
target

J/psi BESII 58M 2009：200M，2011：1 B 10B
Psi’ CLEO：28 M 2009：100M，2011：0.5B 3 B
Psi” CLEO：0.8 /fb 2010：1.2/fb，2012：2.8/fb 20 /fb
ψ(4040)/ψ(4160)
& scan

CLEO 2013：5/fb
& scan
R scan & Tau BESII   2014



Prospects: reach charm programsProspects: reach charm programs
• BESIII (2008 – 2018 ?)
• Future charm programs

– LHCb at CERN（now @3.5TeV, 2010-2011 ）

– BELLE II at SuperB factory（~ 2014 ）

– PANDA at GSI（~ 2015）

• New machines under discussion:
– Frascati(super flavor factory) 2020 ?
– Novosibirsk(super tau-charm factory)
– Fermilab: fixed targe exp. under discussion 

L ~ 1035 cm-2s-1

Expand the life time of tau-charm colliders to > 50 years !p y



BESIII collaboration: new members

US (6)
Univ. of Hawaii

EUROPE (8)
Germany: Univ. of Bochum, 

Univ. of Giessen, GSI
Univ. of Washington
Carnegie Mellon Univ. 
Univ. of Minnesota 
Univ. of Rochester 
Univ. of Indiana

U . o G esse , GS
Russia: JINR, Dubna; BINP, Novosibirsk 
Italy: Univ. of Torino，Frascati Lab

Netherland：KVI/Univ. of Groningen Korea (1)
Souel Nat. Univ.

Japan (1)
Tokyo Univ.China(26)Pakistan (1)

Univ. of Punjab
IHEP, CCAST, Shandong Univ., 
Univ. of Sci. and Tech. of China
Zhejiang Univ., Huangshan Coll. 

Huazhong Normal Univ., Wuhan Univ.
Zh h U i H N l U i

j

Zhengzhou Univ., Henan Normal Univ.
Peking Univ., Tsinghua Univ. ,
Zhongshan Univ.,Nankai Univ.
Shanxi Univ., Sichuan Univ
H U i Li i U iHunan Univ., Liaoning Univ. 

Nanjing Univ., Nanjing Normal Univ.
Guangxi Normal Univ., Guangxi Univ.
Hong Univ., Hong Kong Chinese Univ.~ 300 collaborators
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Summary 
• Physics at tau-charm threshold are very rich
• BESIII is operational since 2008:• BESIII is operational since 2008: 

– Detector performance excellent, ready for physics
Hi h lit d t l i h d– High quality data samples in hand

– Analysis in progress, papers coming out

I h f h ill b l• In the next few years, there will be great leap on 
physics of light hadron spectroscopy, charm, 
h i d QCDcharmonium, tau and QCD
– 2010: ~10 papers
– 2011: ~20 papers
– > 2012: ~30 papers

• We are very excited about it  


