
Tau-Charm Physics at BESIII 

吕 晓睿
Xiao-Rui Lu

(E-mail: xiaorui@gucas.ac.cn)

(on behalf of BESIII Collaboration)

Graduate University of 
Chinese Academy of Sciences (GUCAS)



Outline

LHEP2010, Nanning 22010-11-19 2

• Introduction to Tau-Charm Physics

• Status of BEPCII/BESIII experiment

– Accelerator and detector performance

– Data taking plan

– Selected results

– Future upgrade

• Charm experiments in the future 

• Summary



Why Charmonium Interesting: onia states
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? Masses 

? Widths 

? Production and decay 
dynamics

Partly discovery, partly 
precision measurements

cc: 589MeV

e+e-:510-6MeV

     

L=0         L=1         L=2

Spin-Orbit  
splitting: 
3PJ

3P0,1,2

–

  

Q

,

hQ

Q

• Strongly bound qq states

• Non-relativistic QM applicable 
(Appelquist, Politzer)

– QCD analog to positronium

– Provide insight into QCD

• Low Q2, non-perturbative

Spin-spin interaction: 
1S3S1, 

1S0 Notation: 
n2S+1LJ

J=L+S
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Charm from Dedicated Colliders
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ADONE, FRASCATI  ’69-’93 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
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A very long history 
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ADONE

?

BEPCII

CESRcBEPC

SPEAR



Physics at -Charm Factory
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Precision  -physics and QCD

• mass and  decays (lepton universality; CPV; LFV)

•R values

High statistic spectroscopy and search for exotics

•charm and charmonium spectroscopy

•light hadron spectroscopy in charmonium decays (NJ/ ~1010)  

Precision charm physics:

• precise measurement (~1.6%) of CKM (Vcd, Vcs)

• f D+, fDs, form factors in leptonic D decays

• D0 - D0 mixing

• CP violation, strong phase.

• Absolute BR measurements of D and Ds decays

• Rare D decay

•light meson spectroscopy in D0 and D+ Dalitz plot analyses.

BESI

test on standard model and search for new physics



D Meson Productions
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• Hadron colliders (huge cross-section, energy 

boost)

– Tevatron

– LHC (LHCb, CMS, ATLAS)

• e+e- Colliders (clean environment, ~100% trigger 

efficiency)

– B-factories (Belle, BaBar)

– Threshold production (CLEOc, BESIII)
• Quantum correlations and CP-tagging are unique

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

• Ratio of signal to background is optimum

• Lots of systematic uncertainties cancellation while applying 
double tag method



BEPCII/BESIII Experiment
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• A mainstream High Energy Physics project in 

China 

– A major upgrading from BEPC/BES(II)

– BEPCII : e+e- collider 

• ~60% Physics run 

• ~30% Synchrotron radiation run

– BESIII: particle detector

– Start testing run on July, 2008

– Start official data taking on March, 2009

– In 2010, 3 published papers and 5 – 7 more expected



BEPCII Storage Ring: Double Ring
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Beam energy: 

1.0-2.3 GeV

Design Luminosity: 

1×1033  cm-2s-1

Optimum energy:

1.89 GeV

Energy spread:

5.16 ×10-4

No. of bunches:

93

Bunch length:

1.5 cm

Total current:

0.91 A



BEPCII Luminosity (in 2010)
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The BESIII Detector
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A total weight of 730t, ~40000 readout channels, data 

rate 6000Hz ~50Mb/s, ~1000 man*year, 30 M$



First Hadronic Event on June 20, 2008
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Data Samples at BESIII
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6.58(0.98fb-1)
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Until June 2010:

Long Term Plan (>5 years):



Good Data Quality

LHEP2010, Nanning 142010-11-19 14



BESIII Physics Results
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hc: Spin-Spin Interaction

 Spin singlet P wave (L=1, S=0)
 Hyperfine Splitting of 1P states
 Test of QCD and potential model 
spin-spin-interaction tells us:

if spin-spin interaction.

PRL 101, 182003(2008) 

zero 1P hyperfine splitting???
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Introduction Ⅰ
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Introduction Ⅰ
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Short Summary of hc
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Clean Single D Tag at BESIII
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Prospects for Charm Physics
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Look for the size of the statistics/systematic/FSR errors 
for precision measurements at BESIII after CLEO-c. 
CLEO-c errors for D0 /D+ physics with 818 pb-1@3770

fD+ (D++ ):     4.1% (stat.)  1.2% (sys.) 
fπ(0) (D

0πl):     5.3% (stat.)  0.7%(sys.)
BR(D0Kπ):     0.9% (stat.)  1.8%(sys.)
BR(D+Kππ): 1.1% (stat.)  2.0%(sys.)

CLEO-c errors for Ds physics with 600pb-1@4170

fDs (Ds++, ):  2.5% (stat.)  1.2% (sys.) 
BR(Ds+KKπ): 4.2% (stat.)  2.9%(sys.)

Significant gains will be made with increased luminosity at BESIII 
even if systematic errors remain the same. 

CP and D0 mixing using quantum correlation are all statistics-starved 
at CLEO-c, improvement will be made at BESIII.



Status of BEPCII/BESIII
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• BEPCII

– Commissioning and stable running of Linac necessary

– 1/3 of the luminosity design value was reached, further studies are 

needed.

– The dark current of detector limits the beam current right now, and 

needs to be improved.

• BESIII

– 22 analysis memos are under the referees review, and 5 - 7 will be 

submitted in a few months

– Systematic studies for neutral tracks (,0, (’)) are in good shape 

(MC agrees with data)

– It will take time to fully understand the systematics for the charged 

tracks (expecting <1% per track) 



Long Term Upgrade
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• BEPCII

– Crab-waist for higher luminosity

• Some changes in the IR (crossing angle of collision 

beams, magnets’ positions near the IP, etc.)

• Limit from the constraints of BESIII solenoid

– Beam Energy: Emax = 4.6 GeV  5 GeV

– polarized e- beam

• BESIII

– Beam energy measurement system: Δε= 40keV

– PID system : Endcap TOF counter (MRPC, ~80ps)

– Inner Drift Chamber: to tolerate high beam noise



Future Charm Experiment(s)
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Hadron Colliders
FAIR/PANDA Experiment (Under 

construction, operating on 2015?)

Fermilab proposals

e+e- Colliders (Running at threshold?)
Super tau-Charm factory

Super B factory (Approved, complete on 
2014?)

Super Flavor factory (Linear collider?)

Other ideas…



Summary
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• BEPCII reached a luminosity of 3.31032 cm-2s-1

• BESIII detector performance excellent, physics results 
published  

– High quality data samples in hand (110 M ’ and 230 M J/, 
910pb-1 (3770) data obtained)

– Analysis in progress, more publications in a few months

– “Open Charm” analyses have already be launched, expect 
more exciting results

• Few billions of J/ and ’ , ~10 fb-1 open charm data 
will be accumulated in the future

– Test on Standard Model and New Physics Search

• Rich physics topics in Charm sector. More experiments 
are coming.



Thank You!

谢谢！
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Europe(10)

, Mainz 

~300 physicists  
from 48 institutions



Backups

LHEP2010, Nanning2010-11-19 32



Absolute Charm Branching 

Fractions at Threshold

 s(MBC) ~ 1.2-1.3 MeV, x2 with 0

 s(DE) ~ 7—10 MeV, x2 with 0

kj fkfjDD
efffDBrefffDBrN )()( 

Nj = number of single tags Dfj

jfjDD
efffDBrN )( 

Njk = number of double tags 

Dfj and Dfk

kfj

jk

k
effN

N
fDBr



 1
)( 

No dependence on NDD or efffj

BESIII should do even better
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fD+ and Challenge of QCD

BES-III reaches 2%  with 

20 fb-1 data @ psi(3770).

7.6%

2.0%

2.0%

PRL 100, 062002(2008)
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fDs – Challenge LQCD

4.0 sigma discrepancy between  LQCD 

and experimental determination  in the SM.
H.B.Li ,J.H.Zou arXiv:0804.1822

1.2%

3.2%

See Hewett  [hep-ph/9505246] &

Hou, PRD 48, 2342 (1993).

1.0%

CLEO-c, Belle and BaBar: 

2.0% 276±6

PRL 100, 062002(2008)
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Semileptonic decay and CKM Matrix
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Supposing ΔFF/FF ~3%.
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Neutral D Meson Mixing

x mixing: Channel for New Physics.

y (long-distance) mixing: SM background.
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Quantum Coherence at Threshold

Suppose Both D0 decay to CP eigenstate f1 and f2 .  
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Mixing Rate

no mixing:   D0 K-+ D0 K+-

mixing: D0 K-+           D0 D0 K-+

Golden channel

D0
K

Semileptonic channel

Ke, K, etc
Sensitivity: current limit: 10-3

Double tag measurements. 

At BESIII sensitivities of  RM will @ 10-4—10-5
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CP Violation
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1. Direct CP Violation (in decay) 

2. Indirect CP Violation (in mixing)

3. CP violation in the interference between decays w/o mixing 

Above all, SM predicts an unobservable asymmetry of ~10−4

• 1% level CPV likely indicates new physics.

Needs extremely good control of systematic effects at the 10-3 level -- very 
challenging! 
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CP violating asymmetries can be 
measured by searching for 
events with two CP odd or two 
CP even final states. For 
example:

Direct CP Violation 

0D

-K

K

-π

π

In 20 fb-1 y(3770) data, > 1000 double CP+ and CP-

tags can be obtained. if 100%CPV, it lead to  ACP~10-3 level

0D

Thus if a final state such as  (KK)() 
observed, we immediately have evidence 
of CP violation 

-, KK-, 00, Ks0 , 
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Rare and forbidden decays

Search for New Physics in Charm Sector:

• Lepton flavour and lepton number violating 
decays of charmonium and open charm

• Rare charm decays heavily GIM suppressed: 
BF(c→ull)~10-8

• Weak charmonium decays: J/ψ→DX 

– BES almost reaches down to rates predicted in SM

• Charm Mixing (Large CPV in mixing indicates 
New Physics)

• CP Violation - Direct (New Physics could be ~%)
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