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November Revolution 1974
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Richter, Rev. Mod. Phys., 
Vol. 49, No. 2, April 1977
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Tau lepton discovery
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DELCO, 1978
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Beijing Electron-Positron Collider
October 1984

1979
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Research program of BES
L ~ 1031 cm-2s-1

BES = MARKIII
● J/ψ radiative decays for a glueball 

search
● D-meson decays, search for CP-

violation
● Search for Ds in annihilation
● Charmonium spectrum
● Charmed baryons
● τ hadronic decays
● R-ratio
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BES → BESII

Main Drift 
Chamber

Central 
Drift 
Chamber

Solenoid Coil

Muon Counters

Barrel Shower Counter

BESI BESII

BESII Upgrade: Remake MDC and TOF, replace Central Drift Chamber with a 
MARKI vertex chamber

1996 - 1997



  10Cern Courier, September 1999



  11Cern Courier, September 1999
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Tau-Charm domain in 1990-ies
● The discovery of the Z and W bosons in 1983 was the definitive, triumphant 

confirmation of the electroweak theory, the cornerstone of the Standard Model.
● By the mid-1990s, after the first LEP runs and the top quark discovery, the 

Standard Model was universally regarded as a precision-tested theory. Its 
predictions for electroweak observables were confirmed at the 0.1% level.

● Theoretical description of heavy quarkonium via effective theories became 
available, which required precise measurements of quarkonium spectroscopy 
and decays

● Precision Measurement of CKM Elements needed for studying the CP-violation 
● As a result, a great interest to precision experiments. Electron-positron colliders 

provide high luminosity, low background and well known initial state → flavour 
factories!
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Physics Program
Hadron 
Spectroscopy & 
QCD
● Charmonium 

Spectroscopy
● Light Hadron 

Spectroscopy
● R-ratio

Charm Physics
●  CKM Matrix Elements-

Semileptonic Decay
● D0 — D0bar mixing and 

CP violating decays
● Purely Leptonic D 

Decays and fD 
measurement

● LFV decays and New 
Physics

Tau Lepton Physics
● the decay 

branching ratios
● the Michel 

parameters 
● the tau neutrino 

mass 
● the tau dipole 

moment 
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Physics Program
Hadron 
Spectroscopy & 
QCD
● Charmonium 

Spectroscopy
● Light Hadron 

Spectroscopy
● R-ratio

Charm Physics
●  CKM Matrix Elements-

Semileptonic Decay
● D0 — D0bar mixing and 

CP violating decays
● Purely Leptonic D 

Decays and fD 
measurement

● LFV decays and New 
Physics

Tau Lepton Physics
● the decay 

branching ratios
● the Michel 

parameters 
● the tau neutrino 

mass 
● the tau dipole 

moment 
Largely covered by LEP 
and B-factories in 
the next decade
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Tau Charm Factories
√s = 3 – 5 GeV, L ~ 1033 cm-2s-1

CERN, 1987 Spain, 1990
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Tau Charm Factories
√s = 3 – 5 GeV, L ~ 1033 cm-2s-1

ITEP Moscow, 1990

ANL, 1993
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JINR c-tau factory
The project discussed involves: heavy-ion 
storage rings with energy up to 1 
GeV/nucleon ;
a tau-charm factory with colliding beam 
energy up to 2.5 GeV;
 a high resolution neutron source (HRNS);
 a synchrotron light source — 8-10 GeV 
positron (electron) storage ring (NK-10).

The tau-charm factory, that must be built
 in the first stage is the base of the electron 
(positron) accelerator and storage ring 
complex.
 In the second stage it is planned to 
increase the injection complex energy up to 
10 GeV, that is necessary for the storage ring 
NK-10 building. The high resolution neutron 
source is to be built on the base of a linac, 
having common elements with the tau-charm 
factory preinjector. 
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CLEO-c
● CESR at Cornell ran at 

reduced energy in 2003-
2004 (L ~ 5x1031 cm-2s-1)

● CLEO detector was 
modified to detect low 
momemntum particles

● ~100 papers on 
charmonium and charm 
physics
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Site:
IHEP CAS, Beijing, China

BEPC-II beam energy: 
1.0-2.3 GeV

Luminosity 
1 x 1033/cm2/s @ψ(3770)

Project timeline:
2004 – Start of BEPC upgrade
2006 - The detector installation
2007 - BEPCII/BESIII 
commissioning
2009 – Start of physics data 
taking



  20

The BESIII Detector

CGEM-IT 
installed in 2024
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The BESIII Collaboration

> 700 authors
94 institutes
17 countries
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Physics Program
● Light Hadron Spectroscopy

– Surplus mesons
– Missing baryons
– Search for exotic hadrons

● Charmonium Physics
– Spectroscopy and 

transitions
– Search for new states

664 papers published since 2009

● [Open] Charm Physics
– CKM matrix parameters |

Vcs| and |Vcd|
– fD and fDs measurement
– Search for rare decays and 

CPV 
● QCD & Tau Lepton Physics

– R-ratio
– Tau mass measurement
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Data samples
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Exotic hadrons
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Sci. Bull. Vol 68, 19, (2023) 2148-2150, 
arXiv:2310.09465
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XYZ hadrons

Scheme by C,Z,Yuan @ 2024

Over the last two decades, a new class of hadrons 
consisting of more than three quarks (unlike ordinary 
mesons and baryons) has been discovered. 
However, we still do not sufficiently understand their 
nature and properties.

Are there other states (gluons, hybrids, molecules) that 
are allowed in QCD?
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Hyperons and CP violation
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Hyperons at BESIII

● The spin orientations of the baryon and 
antibaryon are entangled

● The hyperons are polarized in the direction 
perpendicular to the reaction plane 

● The magnitude of the polarization depends 
on the angle (θΛ )

● Hyperon polarization is determined via 
decay products
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 J/ψ → Λ- Λ+ and  J/ψ → Ξ - Ξ+  
The Λ-baryon polarization has been measured in 
baryon-antibaryon decays of J/ψ followed by Λ→ pπ 
decays 

The value for the Λ+ → pπ decay parameter of α− = 
0.750 ± 0.009 ± 0.004, 17 ± 3% higher than the current 
world average, which has been used as input for all Λ 
polarization measurements since 1978. 

For Λ- → pπ the value α+ = −0.758 ± 0.010 ± 0.007, 
giving ACP = (α− + α+)/(α− − α+) = −0.006 ± 0.012 ± 
0.007, a precise direct test of  CP-violation in Λ 
decays.

Nature Physics vol 15, 631–634 (2019)

 Nature 606 (2022) 7912, 64-69

Sequential two-body decays of entangled multi-strange baryon–antibaryon pairs provide a 
separation between strong and weak phases

A direct determination of the weak-phase difference, (ξP − ξS ) = (1.2 ± 3.4 ± 0.8) × 10−2 rad 
in J/ψ → Ξ – Ξ+ decay
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Super Tau Charm Factories
L: ~10 33  cm-2s-1→ 1035 cm-2s-1

SCTF (Novosibirsk — Sarov, Russia)
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Super Tau Charm Factories
L: ~10 33  cm-2s-1→ 1035 cm-2s-1

STCF (Hefei, China) Ecm = 2-7 GeV, peak luminosity > 0.5x1035 cm-2 s-1

Potential for luminosity upgrade, and a polarized
electron beam
Site: Suburban “Future Big Science City” in Hefei

STCF CDR, Front. Phys. 19, 14701 (2024)
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The detector concept
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Physics Program
● Light Hadron Spectroscopy

– Surplus mesons
– Missing baryons
– Search for exotic hadrons

● Charmonium Physics
– Spectroscopy and transitions 

(+LQCD)
– XYZ states

● [Open] Charm Physics
– CKM matrix parameters |Vcs| and |Vcd|
– fD and fDs measurement (+LQCD)
– Search for rare and forbidden decays 

● CP-violation
– Charmed mesons
– Hyperons
– Tau lepton decays

● QCD and Tau Lepton Physics
– R-ratio
– mass and lifetime
– spectral functions
– LFV decays
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Expected data samples
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Sensitivity of precision measurements
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Sensitivity to rare and forbidden decays
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Expected timeline
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Summary
● Physics program of STCF is challenging and comprising understanding 

of QCD in a transition region and search for new physics
● Key goals are the detailed study of XYZ states, study of hyperons, 

search for rare and forbidden decays
– plus traditional TCF topics 

● Success of STCF will stronly depend on achieved precision:
– Collider luminosity
– Detector preformance and systematics
– Theoretical support 
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