>> Beijing Spectrometer (BESIII)

■

■ BESIII is a general-purpose detector located in the interaction region at
the BEPCII storage ring, where the electron and positron beams collide. BESIII

measurements of the transition rates of ψ(2S)→π0hc and hc→γηc , and determined the resonant parameters of the charmonium

BESIII reported the first observation of the charmonium magnetic dipole transition ψ(2S)→γη c(2S), made the first

ground state ηc with the world’s best precision.

has adopted many advanced detector technologies, and is like the “eyes” of the

■ The BESIII Collaboration announced the observation of a new resonant structure, which was named the “Zc(3900),” on March
26, 2013. The Zc(3900) contains a charmed quark and an anti-charmed quark pair, but it also carries an electric charge, so it must

BEPCII. It measures the particles produced from electron and positron collisions
to study the fundamental particles and the interactions between them on the

also contain light quarks. Composed of at least four quarks, this “charged charmonium-like state” is likely an exotic particle.

subatomic level.
■ The BESIII detector contains a small-cell helium-based main drift chamber
(MDC) which provides momentum measurements of charged particles; a time-
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of-flight system (TOF), based on plastic scintillators, which helps identify charged
particles; an electromagnetic calorimeter (EMC) made of CsI (Tl) crystals, which is used to measure the energies of photons and
provide trigger signals; and a muon system (MUC) made of Resistive Plate Chambers (RPC).
■ The BESIII drift chamber is a small-cell, low-mass drift chamber operated using a helium-based gas mixture and located in a
1T magnetic field, with a spatial resolution better than 130 mm averaged over the cell, a dE/dx resolution better than 6% for pi/K
separation up to a momentum of 700 MeV/c, and a transverse momentum resolution of about 0.5%@1 GeV/c.
■ The electromagnetic calorimeter is composed of one barrel and two end-cap sections, covering 93% of 4π. There are a total of
44 rings of crystals along the z direction in the barrel, each with 120 crystals, and 6 layers in the end-cap, with different number of

First observation of ψ＇→γηc＇

hcvia ψ(2S)→π0hc→π0γηc＇ transition

Observation of a charged charmoniumlike
structure at BESIII

crystals in each layer. The entire calorimeter has 6272 CsI(Tl) crystals with a total weight of about 24 tons.

>> Beijing Synchrotron Radiation Facility (BSRF)

■ The BES III superconducting magnet supplies a 1 Tesla magnetic field and is the first of its kind built in China. The vacuum
cylinder and the supporting cylinder are made in China in collaboration with the Wang NMR Company of California. The wiring of

■ As part of the Beijing Electron Positron Collider project, the Beijing Synchrotron Radiation Facility (BSRF) was constructed
almost in parallel with the BEPC and has been open to users since 1991. After the BEPCII upgrade project, BSRF runs with a 2.5GeV

the superconducting cable and the epoxy curing, the assembly and testing were all done at IHEP, with advice from experts all over

full-energy injection and a 250mA beam current in the dedicated synchrotron radiation mode. The intensity of the hard X-rays has

the world.

increased one order of magnitude and the stability has also improved greatly.

■ The BESIII muon counter is a gaseous detector based on Resistive Plate Chambers (RPCs). The muon detector consists of endcaps (east and west) and a barrel. There are 8 detecting layers in the end-caps and 9 in the barrel. Each detecting layer has two RPC

■ Currently, there are 3 experimental halls(#12,#13,#15), 5 insertion devices, 14 beamlines and 14 experimental stations at
BSRF. The synchrotron radiation light of BSRF covers the energy from vacuum ultraviolet to hard X-ray, and supports many kinds of

layers and one pickup strip layer, which are compacted as a sandwich.

experimental techniques, such as X-ray topography, X-ray Imaging, Small Angle X-ray Scattering, Diffuse X-ray Scattering, Biological
Macromolecule Crystallography, X-ray Fluorescence Analysis,X-ray Absorption Fine Structure,Photoelectron Spectroscopy, Circular

>> Fruitful Physics Results at BESIII

Dichroism Spectra, Soft X-ray Calibration, Mid-energy X-ray Optics, Diffraction under High Pressure and Temperature, LIGA and X-ray

■ BESIII confirmed the existence of the X(1835) observed by the BESII
experiment in J/ψ→γη’π +π -, and observed two new resonances, the

lithography. These techniques have many applications in fundamental and applied research, such as Condensed Matter Physics,
Chemistry, Material Science, Biology and Medicine, Geoscience, Environmental Science, Micro-electronics, Micromachining,

X(2120) and the X(2370).

Metrology and Optics.

■ BESIII confirmed the proton-antiproton threshold enhancement first
observed by the BESII experiment in J/ψ→γ p p- decays, and determined its

■ The operational time for the dedicated mode of synchrotron radiation is at least three months per year. Additionally, six
beamlines (Mid-energy X-ray Station, Soft X-ray Absorption Spectroscopy Station, Photoelectron Spectroscopy Station, Vacuum
Ultraviolet Station, Small Angle X-ray Scattering Station and Macromolecular Crystallography Station) can also run while BEPCII

JPC to be 0-+.

is running in high-energy physics mode, which supplies more experimental time to users. Totally, BSRF can supply beam-time to
upwards of 500 experiments for over 1000 users from more than 100 institutes and universities at home and abroad.

BEPCII interaction region and BESIII

the installation of the barrel crystal
calorimeter

Scientists were wiring the BESIII Main Drift
Chamber.

The experimental halls of the Beijing Synchrotron Radiation Facility
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beams as thin as a piece of hair collide, requires much more sophisticated technology. This is why colliders were actually not utilized

Meanwhile, the superconducting magnets and cryogenics system were debugged off-

until the 1970’s when various technologies, particularly computers, automatic controls, and ultra high vacuums, were developed.

line.

particles against a stationary target or two beams head-on. Colliders are used as a research tool

■ Why do scientists spend over one billion dollars to build huge machines such as the LHC? Our current understanding of the universe
is incomplete. The Standard Model of particles and forces summarizes our present knowledge of particle physics. However, it leaves many

■ In October of 2007, the second phase of the BEPCII commissioning with
superconducting magnets in the interaction region started, and the BESIII was

in particle physics by accelerating particles to very high kinetic energies and then letting them

unsolved questions. People are desperate to find out whether there are undiscovered natural rules, how to understand the dark

assembled and tested off-line.

impact other particles. Analysis of the byproducts of these collisions allows scientists to probe

matter and dark energy, whether there are extra-dimensions, what the properties of neutrinos are, where the anti-matter is, etc.

>> What is a collider?
■ A collider is a type of particle accelerator that collides directed beams of particles.
Colliders may either be shaped like a ring or be linear, and may collide a single beam of

the structure of the subatomic world and the laws of nature governing it.

>> Beijing Electron Positron Collider (BEPC)

>> The Accelerator—a facility to explore the mysteries of the microscopic world

■ The Beijing Electron Positron Collider facilitates research in the area of τ-charm physics. Since its start of operations in 1989,
BEPC has developed into the premier collider in the τ-charm energy region in the world. Since 1990, the BES Collaboration has

■ In April of 2008, the BESIII was moved to the interaction point, and the third
phase of commissioning, i.e., the joint commissioning of the accelerator and detector,
On the early morning of November 18,

started.
■ On July 19, 2008, BESIII acquired its first set of hadronic events. After that, test
operations with high luminosity signified the completion of the BEPCII construction.

2006, the electron beam was successfully
accumulated in the storage ring of BEPCII.

■ To explore the universe at larger and larger distances, one needs bigger and bigger telescopes made with increasingly
advanced technologies. The same is true in the study of the structure of matter on a deeper level. One must resort to apparatus

obtained a number of results using BEPC, such as the precise measurement of the τ-mass, R values in the energy region of 2-5GeV,

equipped with advanced technology and use detection methods of higher and higher precision and sensitivity.

τ-charm physics studies and has become one of the premier research centers for high-energy physics.

■ One way to study the structure of microscopic matter is to shatter it. High-energy particle beams, produced at state-of-theart accelerator facilities, can achieve this goal. The more energetic the charged particle beams are, the more effectively they can

■ On July 17, 2009, the Upgrade Project of the Beijing Electron Positron Collider
(BEPCII) successfully passed the National Acceptance Test organized by the National

>> The Layout of the Beijing Electron Positron Collider (BEPC)

Development and Reform Commission (NDRC), which marked the successful completion of the upgrade on schedule, within budget,

■ The contour of BEPC resembles a giant badminton racket. The 202-meterlong injector can accelerate electron and positron beams to between 1.1 and 1.4

and concluded that its commissioning over the past six months had proved that it had become an advanced collider in the tau-

penetrate into the deeper layers of matter, thus allowing the observation of the structure of matter at a deeper level. With energies
from several eV to several keV (1000 eV) charged particles as “shells” with energies of several hundred MeV (108 eV) are needed. To
observe quarks, which are the constituents of hadron, one would rely on “shells” with energies of several tens TeV (1013eV). This is
why people invest a lot of money and resources building technically more and more complicated particle accelerators and detectors
with larger sizes and higher energy ranges. The energy of accelerators increases on average one order of magnitude every ten years.

the discovery of a new resonance called the X (1835), etc. These achievements demonstrate that IHEP has taken a leading role in

Scientists took a group photo to celebrate
this significant moment.

and at high quality. The Panel unanimously agreed that the BEPCII had reached the specifications of the national acceptance test,
charm energy region and in the study of new physics, and a synchrotron radiation facility of high performance.

GeV, which are then transported to the injection point of the storage ring via the
eastern and western transport lines. The injected electron and positron bunches
circulate in the storage ring in opposite directions with an extremely high speed.
The Beijing Spectrometer (BES), installed on the interaction point on the south of
the storage ring detects the tracks, and measures the energies and momenta of the
multitude of particles produced from the high-energy collisions. The Synchrotron
Radiation Laboratory flanks the east and west of the southern area of the storage
ring. Research is performed there in such fields as X-ray topography, X-fluorescence,

A bird’s eye view of the experimental area of
the Beijing Electron Positron Collider in 2009

EXAFS, diffuse scattering, small angle scattering, diffraction, photoemission spectroscopy, biological spectroscopy and lithography.
The double storage rings of the BEPCII

>> BEPC—one machine with two purposes
■ The BEPC fulfills its goal of “one machine with two purposes” by serving both high-energy physics and synchrotron radiation
applications. Beam lines and experimental stations at BSRF are open to both domestic and foreign users for their multi-disciplinary
research in condensed matter physics, chemistry, material science, biology, geo-science and environmental science, etc.

>> The Collider—a powerful type of accelerator
■ A collider (a machine where counter-circulating beams collide) has a
big advantage over other kinds of accelerator where a beam collides with a

just one train at full speed hits another at a standstill. The same is true in the

the course of operation, its luminosity and performance improved and significant
achievements were achieved.

The BEPCII is an advanced collider in the τ-charm energy region and in the study

■ On April 8, 2011, the peak luminosity of the Beijing Electron Positron Collider
(BEPCII) reached 6.492×1032cm-2s-1 at 1.89 GeV, which is 65 times higher than that of the BEPC before its upgrade.

of new physics, and a synchrotron radiation facility of high performance. The

■ In our daily life, the damage done by the collision of two trains heading
towards each other at high speed is far more serious than that produced when

most advanced cross-double-ring technology was applied. After the upgrade, the
luminosity of the BEPCII is nearly 100 times higher than that of the BEPC. BES has

■ On the early morning of March 8, 2013, the collision luminosity of the Upgraded
Beijing Electron Positron Collider (BEPCII) had reached a record of 7×1032cm-2 s-1 at

The Large Hadron Collider (LHC) is the world’s

also been substantially upgraded with improvements in precision, reductions of

largest and most powerful particle accelerator.

systematic errors, and upgrades to meet the challenges of the higher counting-

The LHC consists of a 27-kilometre ring of

rates of the BEPCII. The BEPCII continues to hold its leading position in its energy

high-speed particle beams is called a “collider.”

superconducting magnets with a number of

range, and will continue to be one of the most advanced high-energy physics experimental facilities in the world.

■ Compared to using a static target, a collider can produce higher
collision energies with less investment, which is why most of the high-energy

the particles along the way.

study of the microscopic world. The energy resulting from the collision of two
high-speed particles is much more than that produced by one high-speed
particle hitting a static target. The facility that can create the collision of two

accelerating structures to boost the energy of

accelerators constructed in recent years are colliders. Of course, to build such colliders, which can make two high-speed particle

New positron source installation

■ The construction of BEPCII started in January of 2004 with a planned five-year-construction period. The construction of the
storage rings was completed with the installation of the conventional magnets used in the interaction region of the BEPCII.
■

■ The BEPCII is an advanced collider in the τ-charm energy region and in the study
of new physics, and a synchrotron radiation facility of high performance. In terms

national acceptance, BEPCII started its stable operation in the following years. In

started its five-year upgrade (BEPCII) with a total budget of 640 million RMB.

fixed target would produce a collision of much less energy.

tunnel

technology, the BEPCII has maintained its leading position in the world. After passing

■ The high-precision frontiers of high-energy physics now require more data
and more precise measurements than before. At the beginning of 2004, the BEPC

sum of the energies of the two beams. A beam of the same energy that hits a

>> Stable Operation of BEPCII

The superconducting RF cavity in the BEPCII

of the collider, by adopting the most advanced double-ring alternating colliding

>> The Upgraded Beijing Electron Positron Collider (BEPCII)

stationary target. When two beams collide, the energy of the collision is the

The BEPCII cryogenic hall

In November of 2006, the BEPCII started its first phase of commissioning and the operation for synchrotron radiation.

the energy of 1.89GeV (stable), and the highest hit 7.08×1032cm-2 s-1 (instantaneous).
This was another new high record after the luminosity of 6.492×1032cm-2 s-1 was
reached at BEPCII on April 8, 2011.
■ From 2010 to 2011, the BEPCII collision luminosity kept going up. The red and
blue points are the beam currents of positrons and electrons, respectively, and the
green points are the luminosity.

