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Introduction – BES2
CM Energy ranges from 2 to 5 GeV
Luminosity at J/ψ ~ 5 x 1030 cm–2 s -1 BES2Luminosity at J/ψ ~ 5 x 1030 cm 2 s 1

Detector Performance:
Beijing, China

BES2

j g,

A unique e+e- machine in the τ-charm energy region from 
1989 – until CLEOc (2003).



The future of BEPC
• Decision to build BEPC in the early 1980s was a great success:

– Rich physics results:  (See talk by Xiaoyan Shen)
• A total of ~120 papers in PRL  PRD  PLB  etc• A total of ~120 papers in PRL, PRD, PLB, etc.
• A total of ~300 entries in the Particle Data Book.
• Several highlights well known to the community. 

– Established foundation of particle physics and its related 
technology in China.

– Started the era of synchrotron radiation studies in China.tart  th  ra f ynchr tr n ra at n tu  n h na.
– Technology transfer.

• In the 1990s, there was discussion of the future. The conclusion 
was to continue tau charm physics with a major upgrade of the was to continue tau-charm physics with a major upgrade of the 
accelerator and detector (BEPCII/BES3).

• The physics window is precision charm physics and the search 
for new physicsfor new physics.
– High statistics: high luminosity machine + high quality 

detector.
ll   h h l  d– Small systematic error: high quality detector.



We are unique
CLEOc stopped in March 2008.

Tau charm physics with BEPCII/BES3:

• In transition region between pQCD and non-pQCD.

Tau charm physics with BEPCII/BES3:

• Can provide calibrations and tests of lattice QCD.
• Rich spectra of light hadrons for quark model 

 d h  f   h dtests and searches for new hadrons.
• Rich gluonic matter production for tests of QCD.
• Near threshold production for tau and charm.  Can 

provide very high precision measurements of 
standard model parameters and tests of quantum standard model parameters and tests of quantum 
correlations.



BEPCIIBEPCII



BEPCII: a high luminosity double–ring colliderg y g

SC RFSC RF

Beam magnets



BEPCII DesignBEPCII Design
Energy range 1 – 2.1 GeVEnergy range 1 2.1 GeV

Optimum energy 1.89 GeV 

Luminosity 1 x 10 33 cm-2s-1 @ 1 89 GeVLuminosity 1 x 10  cm s @  1.89 GeV

Injection Full energy injection:  1.55 − 1.89 GeV 
Positron injection rate > 50 mA/minj

No. of bunches 93 

C 0 91 ACurrent 0.91 A

Bunch length 1.5 cm 

Synchrotron mode 250 mA @ 2.5 GeV
 

Use many bunches and SC mini-beta.



BEPCII Status
• Nov. 2006 – start commissioning; beam stored in storage ring.

• Mar. 2007 – e e collisions with normal magnets.

• June 2007 - SR radiation for users at 2.5 GeV/c; 200 mA, τ = 5.5 hr.

A  2007 b  t h d 0 5 A• Aug. 2007 – beam current reached 0.5 A.

• Nov. 2007 - e+ e- with SC quads; collisions with 400 ma and 99 bunches.

Linac
IP – Nov. 2007



M  15  2008  d t t  t IP  i t lli  SC d  d b  i
BEPCII Status

• May 15, 2008: detector at IP; installing SC quads and beam pipe.

• June: expect collisions.



BES3BES3



BES3 DetectorBES3 Detector

SC magnetM C SC magnetMuon Counter

TOF

Be beam pipeBe beam pipe

Drift Chamber  

CsI(Tl) calorimeter



MDC
Parameters
R inner: 63mm ; R outer: 810mmR inner 63mm ; R outer 810mm
Length (out.): 2582 mm
Inner cylinder: 1.2 mm Carbon fiber
Outer cylinder: 11.5 mm CF with 8 windows
Sense wire : 25 micron gold-plated tungsten (plus 3% Rhenium ) --

- 6796- 6796
Layers (Sense wire ): 43 (19 axial, 24 stereo)
Field wire: 110 micron gold-plated Aluminum --- 21884g p
Gas: He + C3H8 (60/40)
Cell: inner chamber --- 6 mm

outer chamber 8 1 mm @1GeV/C%50~

130~ m

P

x

σ
μσ

outer chamber --- 8.1 mm
Polar angle: |cos θ| < 0.83 (all layers)

< 0.93 (20 layers)
%6

@1GeV/C%5.0
P

dx
dEσ

Expected performance
%6~

dx
dE

dx



MDC construction



MDC wiringg



Cosmic ray test of completed MDCy p

resrevoverall
Entries  78190835000

resrevoverall
Entries  781908
Mean   -2.772e-05
RMS     0.123

 / ndf 2χ   2234 / 154
Prob       0
p0        24.2±  5551 
p1        1.416e-04± 9.471e-05 
p2        0.00022± 0.07865 
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p2        0.00022± 0.07865 
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CsI(Tl) crystal calorimeter

• Design goals:
E  2 5% @ 1G V

• Crystals:
– L = 28 cm (15 X0)

A  (5 2  5 2 6 4  6 4) 2– Energy: 2.5% @ 1GeV
– Energy range: 20 MeV- 2 GeV
– Spatial:  0.6cm @ 1GeV

– A = (5.2 x 5.2 – 6.4 x 6.4) cm2

– Barrel: 5280   w: 21564 kg
– Endcaps:     960  w:   4051 kgEndcaps:     960  w:   4051 kg
– Total:       6240   w:    25.6 T



CsI(Tl) crystal calorimeter
• Readout:

– 2 PDs + 2 preamps + 1 ampp p p
– PD: Hamamatsu S2744-08
– 12480 PDs total (1 cm x 2 cm)
– Preamp noise: <  220 keV– Preamp noise: <  220 keV



Structure of EMC

Barrel EMC

Super module

St t f d EMCStructure of endcap EMC

Endcap EMC

19



TOF
Crucial for particle ID and for Crucial for particle ID and for 

fast trigger.
• Barrel

– 50mm x 60mm x 2320 mm 50mm x 60mm x 3 0 mm 
(inner layer).

– BC408 
– 2 layers – 88 in each

Endcap

– Radius from 810 to 930 mm.
• Endcap

– 48 fan shaped pieces – each 
endend.

– BC404
• PMT: Hamamatsu R5942

fine meshfine mesh
– 2 on each barrel scintillator
– 1 on each endcap counter

• ResolutionResolution
– Barrel: σT = 100 ps
– Endcap: σT = 110 ps

TOF – IHEP
TOF electronics - USTC Barrel



Structure of TOF

Structure of Barrel TOF

Structure of Endcap TOF



Superconducting Magnet
Coil: single layer solenoid 
Cooling mode: two phase helium force 

fl

Sup rcon uct ng Magn t
C t t

First of its kind built in China.

flow
Superconductor: Al stabilized NbTi/Cu
Winding: inner winding

Cryostat

Inner radius 1.375m

Outer radius 1.7mg g
Cold mass support: tension rod
Thermal shield: LN2 shield, MLI
Flux return: barrel/end yoke  pole tip

Length 3.91m

Coil

Mean radius 1.482mFlux return: barrel/end yoke, pole tip
Length 3.52m

Cable dimension 3.7mm*20mm

Electrical parametersp

Central field 1.0T

Nominal current 3650A

Inductance 2HInductance 2H

Stored energy 10MJ

Cold mass 3.6ton

T t l W i ht 15tTotal Weight 15ton

Radiation thickness 2X0



BESIII SC Magnet Progress
Thermal insulation assemblywiring

field mappinginstallation



BESIII SC Magnet Progress
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Field mapping of magnet completed.



Muon Detector

B l  E dCBarrel + EndCap;
RPCs as μ detector;
Barrel:  9 layers – 72 modulesBarrel:  9 layers – 72 modules
EndCap: 8 layers – 64 modules



Muon Detector

Barrel

EndcapEndcap



RPCs
• Electrodes made from a special type of phenolic paper 

laminate on bakelite.
• Have good surface quality（~200nm).

E t si  t sti  d l  t  li bilit  t sti  d• Extensive testing and long term reliability testing done.
• Have high efficiency, low counting rate and dark current, and 

good long-term stability .
• One dimension read-out strips (4 cm wide) - 10 000 channels  • One dimension read-out strips (4 cm wide) - 10,000 channels. 
• Gas: Ar:C2H2F4:Isobutane = 50:42:8
• HV voltage: 8000V;

On  m d l  nt ins t  RPC l s nd n  d t l• One module contains two RPC layers and one readout layer.



Installation

Barrel EMCBarrel EMC

MDC/TOF



Installation complete



Installation complete



DAQevent rate - 3kHz
data rate - 50 MB/s

Online computer room 

VME Crate（17）/ 
MDC

Online Farm
（IBM Blade HS20 × 42）

Storage Server

Fiber
Twisted-pairCPUs - ~1360 by end of year

MDC

VME Crate（16）/ 
EMC

Storage Server
(X346 × 2，3TB)

EMC
Computer Center
Tape Repository

DAS
10TB

VME Crate（2）/

Slow control switch

4 Cisco 
3750 StackCi

To Intranet

VME Crate（2）/ 
TOF

BEPCII switch

W b S
File, Service and 
Manager Server

3750 StackCisco 3750 

Outside of DAQ

VME Crate（1）/ 
MUC

Web Server
(X346)

Manager Server
(X346 × 2)

BESIII control room

Electronics room

X terminal (PC×8)
Online Histogram Display

Single Event Display

VME Crate（3）/ 
TRG



Online computer room

3 blade centers
5 servers

3 blade centers



Particle ID Summary
TOF

Two layer barrel time-of flight,time resolution < 90ps

1 layer endcap TOF, time resolution ~ 110ps

dE/dx

Resolution ~ (6-7)%, 3σ K/π separation up to 600MeV/c

EMCEMC

CsI crystal

Energy deposition  “shape” of showerEnergy deposition, shape  of shower

MUC

t ff t   l   500M Vcut off momentum, as low as 500MeV

μ-ID efficiency > 90%, π punch-through < 5% @ 1GeV

Provide good e/μ/π/K/p separation in large solid angle 
coverage of BES3 detector (2)



Particle ID

K

BOSS6.3.3

K/pi separation

π

P t /K  tiK/pi separation
K/π likelihood combines TOF and 
dE/d  i f ti

Proton/Kaon separation

dE/dx information.
For K /π separation, efficiency > 
90% and contamination rate < 10% 
@ 1G V/@ 1GeV/c.
e likelihood combines TOF, dE/dx 
and EMC information.
Excellent electron-ID is expected 
in full momentum range.E/pi separation



Commissioning
Trigger, DAQ, and Detector (MDC, EMC, TOF, Muon) weregg , Q, ( , , , )
commissioned in spring of this year with cosmic rays.
w



Commissioning – Cosmic Ray Event



Recent Historyc nt H story
• 2/2003 Official approval of BEPCII/BES3 project.
• 7/2004 BES2 detector shutdown7/2004 BES2 detector shutdown.
• 5/2005 Magnet yoke and muon chamber installation.
• 6/2006 Super conducting magnet cool down.p g g
• 6/2007 Magnetic field mapping.
• 8/2007 EMC installation.

10/2007 MDC/TOF inst ll ti n• 10/2007 MDC/TOF installation.
• 1/2008 Cosmic ray run.
• 6/2008 BES3 detector at IR6/2008 BES3 detector at IR.
• 6/2008 Joint tuning of detector and machine.



May 2008 – At IR



e+ e- physics at BES3e e physics at BES3



Physics Topics at BES3
Open charm factory :p y

• Absolute BR measurements of D and Ds decays
• Rare D decay
• D0 - D0bar mixingD D bar mixing
• CP violation, strong phase.
• f D+, fDs form factors in  semi-leptonic D decays
• precise measurement (1 6% stat ) of CKM (Vcd  Vcs)• precise measurement (1.6% stat.) of CKM (Vcd, Vcs)
• light meson spectroscopy in D0 and D+ Dalitz plot analyses.



Physics Topics at BESIII
• Light hadron spectroscopyLight hadron spectroscopy.
• Charmonium:  J/ψ, ψ(2S), ηC(1S),  χC{0,1,2} , ηC(2S), hC(1P1), ψ(1D), etc. 
• New Charmonium states above open charm threshold.
• Exotics  : hybrids  glueballs  and  other exotics in J/ψ and ψ(2S) • Exotics  : hybrids, glueballs, and  other exotics in J/ψ and ψ(2S) 

radiative decays.
• Baryons and excited baryons in J/ψ and ψ(2S) hadronic decays.

M  d i i  f k d l  i  J/ d (2S) d• Mesons and mixing of quark and gluon in J/ψ and ψ(2S) decays.
• Electromagnetic form factors and QCD cross section (R values).
• tau mass and tau physics near the threshold.
• Search for new physics.

Very rich and interesting energy region.



Average Lum: L = 0 5×Peak Lum ;  One year data taking time: T = 107s

Production
Average Lum: L = 0.5×Peak Lum.;  One year data taking time: T = 107s

Nevent/year = σexp ×L× T

Resonance Mass(GeV)
CMS

Peak Lum.
(1033cm-2s-1)

Physics Cross 
Section (nb)

Nevents/yr

J/ 3 097 0 6 3400 10 109J/ψ 3.097 0.6 3400 10 × 109

τ 3.670 1.0 2.4 12 × 106

ψ(2S) 3.686 1.0 640 3.2 × 109ψ(2S) 3.686 1.0 640 3.2 × 10
D0D0bar 3.770 1.0 3.6 18 × 106

D+D- 3.770 1.0 2.8 14 × 106

DsDs 4.030 0.6 0.32 1.0 × 106

DsDs 4.140 0.6 0.67 2.0 × 106

Huge J/ψ and ψ(2S) samples
t BES3

A review (Yellow Book):
tau-charm physics atat BES3 tau charm physics at
BES3 done soon.



Lattice QCD predicts the lightest 0++ scalar glueball mass ~ 1 6 
Hadron spectroscopy - light scalars:

Lattice QCD predicts the lightest 0 scalar glueball mass  1.6 
GeV. 

• Radiative ψ decay is the ideal glueball hunting ground!Radiative ψ decay is the ideal glueball hunting ground!

M. Chanowitz – Charm06



X(1835)
Study of X(1835) at BES3 using J/Ψ → γη’π+π-, η’ → ηπ+π-

i  58 M tusing 58 M events
At BES2

 
At BES3
2 5 d2 years 2.5 days

mm(η’π+π-) mm(η’π+π-)



Charmonium spectroscopy
Precise measurement of ηc mass provides information c p
on the hyperfine (spin-spin) splitting of ηc and J/Ψ.

M(ηc) current status Status of Γtot(ηc) even worse!

Br(J/Ψ γηc) is off too! γ energy

keVmrdkeJ QifQc 85.23/||4)/( 22332 ==→Γ ∫ ψψαγηψ



ηC Predicts: Br =            = 3.1%   
ΓγJ/ψ
Γ

PDG:  1.27 ± 0.36%
CLEO:  1 98 ± 0 09 ± 0 30%Γtot CLEO:  1.98 ± 0.09 ± 0.30%

At BES3  measure the inclusive properties of At BES3, measure the inclusive properties of 
the ηc with > 10x improved precision:

δMηc: ± 1.2 MeV  ≈± 0.1 MeV
δΓtot:  ± 3.5 MeV  ≈± 0.5 MeVtot

δBr(J/ψ γηc):      ± 0.36% ≈± 0.05%
−+−+→→ ππππηγηψJ / →→ ππππηγηψ ccJ ,/
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Precision CKM meas rementsPrecision CKM measurements
Determined from charmed meson leptonic andDetermined from charmed meson leptonic and
semi-leptonic branching ratios:

Current BES3
V d 5% < 1%Vcd 5% < 1%
Vcs 10% < 1%
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BESIII TOF Monitoring BESIII TOF Mon tor ng 
System

b il   UH- built at UH



Monitor the amplitude and time performance of 
BESIII TOF Monitoring System

Monitor the amplitude and time performance of 
each channel including PMTs and electronics. 
Concept:Concept:

Use fiber cable bundles (2 cables) to distribute light to 
barrel and endcap TOF counters.
Use light splitter to illuminate one bundle at a time.

TOF barrel 176 fibers

Electronic switch
Fiber bundles

TOF endcap 48 fibers
Laser
Diode 

Light splitter

TOF b l 176 fib

TOF barrel 176 fibers

TOF endcap 48 fibers

Ref. PMTsTo TOF
electronics

TOF barrel 176 fibers

fib

connector
Beam splitter

electronics

Fiber
fiber

TOF barrelPMT PMT



TOF Monitor Systemy

5%5%

95%

1. Laser diode
2. Beam splitter (5%-95%)
3. Prismatic beam splitters (50-50)p
4. Shutters
5. Reference PMTs
6. Diffusers
7. Fiber bundles



TOF Monitoring

(a) (b)

(c) (d)

West Barrel TOF’s Qm and Qsigma vs  PMT numberWest Barrel TOF s Qm and Qsigma vs. PMT number.



TOF Monitoring

West Barrel TOF’s Tmean and Tsigma vs. PMT number.g

Accepted by NIM, arXiv:0804.4260 [physics.ins-det] 



Summary
• BEPCII/BESIII complete• BEPCII/BESIII complete.
• Commissioning of detector/machine soon. 
• Rich physics program after CLEO-c. Complementary R ch phys cs program after CLEO c. Complementary 
to B-factories.

• Many results for Meson 2010!y



Particle ID

μμ

π

Red: two parametersμ/pi separation Red: two parameters

Blue:four parameters
μ/pi separation


