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(1) From BEPC to BEPCII(1) From BEPC to BEPCII

☯ Status of the BEPC

☯ Why BEPCII

☯ What is BEPCII
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1.1  The Status of the 1.1  The Status of the BEPCBEPC
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Main ParametersMain Parameters

Beam Energy (E) 1.0 ~ 2.5 GeV 
Revolution frequency (fr) 1.247 MHz
Lattice Type FODO + Low-ββββ Insertions
ββββ*

x -function at IP (ββββ*
x/ ββββ*

y) 1.3/0.05 m
Transverse Tune (ννννx/ννννy) 5.8/6.8 (Col. Mode)    8.72/4.75 (SR Mode)
Natural Energy Spread (σσσσe) 2.64E ××××10-4

Momentum Com. Factor (ααααp) 0.042 (Col. Mode)      0.016 (SR Mode)
Hor. Natural Emittance (εεεεx0) 0.4@1.55 GeV, 0.076@2.2GeV(SR) mm⋅⋅⋅⋅mr
RF Frequency (frf) 199.533 MHz
Harmonic Number (h) 160
RF Voltage (Vrf) 0.6~1.6 MV
Bunch Number (Nb) 1*1 (Col.), 60~80 (SR)
Maximum Beam Current 50mA@1.55 GeV (Col.,) 130mA (SR)
Luminosity 5 ××××1030 cm-2 s-1 @1.55 GeV, 1 

  

 ××××1031 cm-2 s-1 @1.89GeV
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2.1 2.1 Why BEPCIIWhy BEPCII
☯ BEPC/BESI collected 9 ××××××××101066 J/ψψψψψψψψ

events in about two yearsevents in about two years;;;;;;;;

☯ Upgraded BEPC/BESII obtained 
5××××××××101077 J/ψψψψψψψψ events in two yearsevents in two years;;;;;;;;

☯ BEPC/BESI collected 4 ××××××××10106 6 ψψψψψψψψ′′′′′′′′ eventsevents;;;;;;;;

☯☯ BEPC BEPC /BESII operated for ψψψψψψψψ′′′′′′′′ from from 
Nov.  23, 2001 to March 13, 2002; 

☯☯ With 1 With 1 ××××××××10106 6 a week, 1.4a week, 1.4××××××××10107 7 ψψψψψψψψ′′′′′′′′ was was 
collected in 100 days;collected in 100 days;

☯☯ Nice physics results are expected;Nice physics results are expected;

☯☯ For our physics goal, 6 For our physics goal, 6 ××××××××10109 9 J/ψψψψψψψψ 22××××××××10109 9 

ψψψψψψψψ′′′′′′′′ per year are expectedper year are expected ������������������������

BEPCII/BESIII!BEPCII/BESIII!
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Observation of a narrow resonanceObservation of a narrow resonance
below/at 2mbelow/at 2mpp in                    at BESin                    at BES--IIII

Phys. Rev. Lett. 91, 022001 (2003)

pp/J γ→ψ

M=1859 MeV/c2

ΓΓΓΓ < 30 MeV/c2 (90% CL)

J/ψψψψ����γγγγpp

M(pp)-2mp (GeV)
0 0.1 0.2 0.3

3-body phase space
acceptance

χχχχ2/dof=56/56

fitted peak 
location

acceptance 
weighted BW +3    +5

−−−−10  −−−−25

ProtonProton--antiproton bond state? antiproton bond state? 
Multiple quark state?Multiple quark state?
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SARS-CoV Mpro and inhibitor

SARSSARS--CoVCoV MMpropro

and the complex with inhibitorand the complex with inhibitor
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Scientific Goal of the BEPCII Scientific Goal of the BEPCII 
Remains a dualRemains a dual--purpose facilitypurpose facility

Charm and ττττ physics   
☯ Light hadron spectroscopy, charmed mesons and ττττ at the 

thresholds;
☯ Hadron production mechanism, low energy QCD;
☯ Precision R values, ambiguous’ structures in 3.8-4.2 GeV.
☯ Searches for glueball, hybrids and exotic states;
☯ New physics: probing rare decay, CP violation from the 

decays of J/ψψψψ and ψψψψ(2S);
☯……………………
Synchrotron radiation research

Serve as a platform of multi-discipline researches with 
improved performance.
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1.3 What is BEPCII1.3 What is BEPCII
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ξξξξ++++××××====

Micro-ββββ:ββββy* =5cm �������� 1.5 cm
SC insertion quads

Reduce impedance +SC RF
σσσσz =5cm �������� <1.5cm

DR: multy-bunch kbmax~400, kb=1 �������� 93

(LBEPCII/ LBEPC) D.R.=(5.5/1.5) ××××93 ×××× 9.8/35=96
LBEPC=1.0××××10 31 cm-2s-1 ���� LBEPCII =1××××10 33 cm-2s-1

Choose large εεεεx & optimum
param.: Ib=9.75mA, ξξξξy=0.04
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BEPCII:BEPCII: a high luminosity doublea high luminosity double––ringring collidercollider
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Adapt to high event rate of BEPCII:
1033cm-2 s-1 and bunch spacing 8ns

Reduce sys. errors to match high statistics
Photon measurement,  PID…

Increase acceptance

MDC:  small cell & He gas
σσσσxy=130 µµµµm

sp/p = 0.5% @1GeV
dE/dx=6% 

EMCAL:   CsI crystal
∆∆∆∆E/E  = 2.2% @1 GeV
σσσσz = 0.5 cm/√√√√E

TOF:
σσσσT = 100 ps   Barrel

110 ps  Endcap

Magnet:  1 T   Super conducting 

Muon ID:  9 layer RPC

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s

BESIII DetectorBESIII Detector
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(2) The Basic Design(2) The Basic Design
Detailed in theDetailed in the Working Group talk: Working Group talk: 
Accelerator Physics Issues of BEPCIIAccelerator Physics Issues of BEPCII

☯☯ Design Goals  and Main ParametersDesign Goals  and Main Parameters
☯☯ TheThe Lattice and Dynamic ApertureLattice and Dynamic Aperture
☯☯ Single Beam Effects Single Beam Effects 
☯☯ BeamBeam--Beam EffectsBeam Effects
☯☯ Beam Lifetime & Average LuminosityBeam Lifetime & Average Luminosity



13

2.1 Design Goals and Main Parameters2.1 Design Goals and Main Parameters

Beam energy range 1–2 GeV 

Optimized beam energy region 1.89GeV 

Luminosity @ 1.89 GeV  1××××10 33 cm-2s-1 

Injection from linac Full energy injection: Einj=1.55−−−−1.89GeV 

Dedicated SR operation 250 mA @ 2.5 GeV 
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Main ParametersMain Parameters
Parameters Unit BEPCII BEPC 

Operation energy (E) GeV 1.0−−−−2.0 1.0−−−−2.5 
Injection energy (Einj) GeV 1.55−−−−1.89 1.3 

Circumference (C) m 237.5 240.4 
ββββ*-function at IP (ββββx

*/ ββββy
*) cm 100/1.5 120/5 

Tunes (ννννx/ννννy/ννννs)  6.57/7.61/0.034 5.8/6.7/0.02 
Hor. natural emittance (εεεεx0) mm⋅⋅⋅⋅mr 0.14 @1.89 GeV 0.39 @1.89 GeV 
Damping time  (ττττx/ττττy/ττττe)  25/25/12.5 @1.89 GeV 28/28/14@1.89 GeV 

RF frequency (frf) MHz 499.8 199.533 
RF voltage per ring (Vrf) MV 1.5 0.6−−−−1.6 

Bunch number (Nb)  93 2××××1 
Bunch spacing m 2.4 240.4 

Colliding 910 @1.89 GeV ~2××××35 @1.89 GeV Beam current 
SR 

mA 
250 @ 2.5GeV 130 

Bunch length (cm) σσσσl cm ~1.5 ~5 
Impedance |Z/n|0 ΩΩΩΩ    ~ 

  

 0.2 ~4 
Crossing angle mrad ±±±±11 0 

Vert. beam-beam param. ξξξξy  0.04 0.04 
Beam lifetime hrs. 2.7 6−−−−8 

luminosity@1.89 GeV 1031cm-2s-1 100 1 
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2.3  2.3  Single beam collective effectsSingle beam collective effects
Bunch length and impedance
Vrf = 1.5MV, Z/n|Z/n|effeff∼∼∼∼∼∼∼∼ 0.20.2ΩΩΩΩΩΩΩΩ,, IIthth = 37mA = 37mA �������� Ib = 9.8mA,  σσσσl ~ 1.3 cm

Beam-cavity interaction (with KEKB SC cavities)

Resistive wall
ννννx/ννννy = 6.6/7.6, Nb = 99, Ib = 9.8mA,  ττττ = 4.3ms; 
Ion effects: Nb = 93 , τFII=3ms;
Electron cloud instability: 

Antechamber with TiN coating for e+ ring
Bunch feedback：：：：ττττL=5=5=5=5    ms,,,,    ττττT =1 ms  ��������

Single beam instabilities can be damped !Single beam instabilities can be damped !

 a ττττ     (ms) a ττττ     (ms) 

Longitudinal 0 12.8 1 304 

Transverse 1 26.6 2 1076 
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HeadHead--on beamon beam--beam effect:  similar to BEPCIbeam effect:  similar to BEPCI
���������������� ξξξξξξξξ=0.04 has been demonstrated=0.04 has been demonstrated

Parasitic beamParasitic beam--beam effectbeam effect ����������������

φφφφφφφφcc=11=11××××××××2 mrad2 mrad
Horizontal crossing angle  Horizontal crossing angle  φφφφφφφφcc ����������������

((5.55.5--11)11)××××××××2 2 mradmrad (BEPCII)(BEPCII), , 2.32.3××××××××2 2 mradmrad (CESR)(CESR)
1111××××××××2 2 mradmrad (KEKB)(KEKB), 12.5 , 12.5 ××××××××2 2 mradmrad (DA(DAΦΦΦΦΦΦΦΦNE)NE)

BeamBeam--beam simulation for BEPCII with BBC code beam simulation for BEPCII with BBC code 
has shown that the beamhas shown that the beam--beam parameters and beam parameters and 
crossing angle of 11 crossing angle of 11 mradmrad are acceptable. are acceptable. 

2.4  Beam2.4  Beam--beam effectsbeam effects
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2.52.5 Beam Lifetime and Average LuminosityBeam Lifetime and Average Luminosity

Taking ττττ =1.5 hrs., tf= 0.4 hr. and L0=1××××1033 cm -2s-1, the 
optimized collision time is calculated as 1.0 hrs. and the 
maximum average luminosity is calculated as <<<<L>>>>max~ 0.5××××1033 

cm-2s-1. The top-off injection will further improve the average 
luminosity to <<<<L>>>>max> 0.6××××1033. 

Effect Condition Lifetime (hrs.) 

Beam-gas interaction P= 5××××10-9 Torr; 80%  H2, 20%  CO 26 

Quantum effect Ax~10 σσσσx >105 

Beam-beam bremsstrahlung ξξξξ x,y=0.04, ββββy
*=1.5 cm 5.1 

Touschek effects Ib = 16 mA，，，，Vrf = 3 MV 7.1 

Overall lifetime ττττ -1=ΣτΣτΣτΣτ i
-1 3.0 

fc

t
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fc
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tt
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tt
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(3) Key Technologies(3) Key Technologies
� Injector Upgrades
� RF System
� Injection system
� Magnet System
� Power Supply System
� Vacuum System
� Beam diagnosis
� Control Upgrade
� Cryogenics
� Interaction Region
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3.1  3.1  Injector upgradingInjector upgrading
Basic requirement: 
� Higher intensity: positron injection rate ≥≥≥≥ 50 mA/min.;
� Full energy injection with E=1.55 ~ 1.89 GeV;

To enhance the current and energy of the electron 
beam bombarding the target and to reduce the 
beam spot;
To design and produce a new positron source and 
to improve its focusing;
To increase the repetition rate from present 12.5 
Hz to 50 Hz.
To consider multi-bunch injection (fRF/fLinac=7/40);
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Technical Measures Factor 

Primary e- beam current on target 2.5A����6A（（（（IG=5A ���� 10A）））） 2.4 

Repetition rate：：：： fr=12.5Hz ���� 50Hz 4 

Primary Electron beam energy: Ec = 140MeV����240MeV  1.7 

Positron yield at linac end: ηηηη =1.4%���� 2.7% (e+/e-·GeV) 1.9 

Two bunch injection：：：：nb =1 ���� 2 1.5 

Shorter injection pulse ：：：：T = 2.5ns ���� 1ns 0.4 

Total positron intensity increase 18.6 

Technical measures to increase positron intensityTechnical measures to increase positron intensity
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3.2  RF System3.2  RF System

Basic requirement
� Sufficient RF voltage for short bunches. 
� Sufficient high RF power.
� Suppressing the instabilities related to RF system. 
� Stable and reliable RF system
Strategy: to take advantage of collaboration with 
SSRF, Cornell and KEK and to apply the existing 
industrial technology.

R F  f r e q u e n c y  f r f 7 /4 0 ×××× 2 8 5 6 = 4 9 9 .8  M H z  

R F  v o lt a g e  V r f  1 .5  M V  

N u m b e r  o f  C a v it ie s  N r f c  2 ×××× 1  

E n e r g y  L o s s  p e r  T u r n  @  1 .8 9  G e V  U r f  1 2 3  k e V /r in g  

T o t a l  B e a m  S R  P o w e r  @  1 .8 9  G e V  P b  1 3 1  k W /r in g  

T o ta l  P o w e r  o f  R F  t r a n s m it t e r s  P r f 2 ××××  2 5 0  k W  
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The BEPCII injection is similar to BEPC. The incoming
beam is injected horizontally into the ring with a 
Lembertson magnet and a pair of kicker magnets.

The modified slotted-pipe kicker combines advantages of the 
slotted-pipe and ceramic vacuum chamber kickers. The results 
simulated using OPERA-2D and MAFIA show that the new 
kicker magnet satisfy all requirements.

3.33.3 Injection SystemInjection System

I n t e g r a t e d  f i e l d  s t r e n g t h  2 0 0  G s ·m  
B e a m  s t a y  c l e a r  ( H  ××××  V )  9 0  ××××  3 8  m m  
G o o d  f i e l d  r e g i o n  ±±±±  2 0  m m  
B o t t o m  w i d t h  o f  f i e l d  w a v e f o r m  6 0 0  n s  

Y = 0  p l a n e  ±±±±  1 %  
Y = 5  m m  p l a n e  ±±±±  2 %  F i e l d  

u n i f o r m i t y  
Y = 1 0  m m  p l a n e  ±±±±  5 %  

R e p e t i t i o n  r a t e  5 0  H z  
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Type�
��

� Quantity    Status�
��

�

Dipole 48    new 
Dipole 44 old 
Quadrupole 89 new 
Quadrupole 6 old 
Quadrupole 28 old need to be modified 
Sextupole 72 new           
IR Magnets  14 new 
Dipole corrector 56 new  
Dipole corrector 20 old    
Total 377 In progress 

3.4  3.4  Magnet SystemMagnet System
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Magnet Quantity Type 

Dipole   4 Thyristor phase-controlled converter 

Quadrupole �
��

� 123�
��

� Chopper (bulk converter)�
��

�

Sextupole  36 Chopper (bulk converter) 

IR NC magnet  14 ZVS converter 

IR SC magnet 5�
��

� ZVS converter�
��

�

IR SC magnet 11 PWM converter 

Dipole corrector 136 PWM converter 

Total 329    
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The BEPCII poses two challenges to the vacuum 
system, one is vacuum pressure, other is the impedance. 
The dynamic vacuum at a high beam current should 
satisfy the requirements of sufficient beam lifetime, low   
background in the detector. The design vacuum pressure is 
5××××10-9 Torr in the arc and 5××××10-10 Torr in the IR. 
In order to improve vacuum and save the longitudinal space, 
the antechamber structure will be used for both e+ and e- rings.
To reduce the impedance, the vacuum chamber should be as 
smooth as possible in order to reduce coupling impedance.
Inner surface of the arc vacuum chambers for the e+ ring will 
be coated with 100-nm of Titanium Nitride (TiN) to prevent 
electron multipacting. A test setup using DC sputtering has 
been developed.

待
定

33.6 .6 Vacuum SystemVacuum System
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Beam Position Monitors
Bunch Current Monitors
Beam loss monitors
Synchrotron Light Monitors
Beam Feedback System

IP beam position control

……

3.7  3.7  Beam DiagnosisBeam Diagnosis
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3.8 Control System: switch from BEPCI to BEPCII

VAX 
4500

CAMAC

PC subsystems

WS console

Ethernet

PS, Vacuum, RF

Injection
Beam diagnostic
Linac

Ethernet
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The system is composed of four sub-systems: the 
central cryogenic plant and the three satellite 
cryogenic systems for the SRF cavities, the SCQ 
magnets, and the SSM solenoid.
The main tasks
�Production of refrigeration power 
�Distribution of cryogen
�Preparation of cryogen 
�Cooling of components 
�Process control and monitoring
�Helium recovery and storage as liquid or gas Helium 

purification 
�Handling of safety aspects
�Others

Refrigerator 
Cold Box - IR/D

HIT-ICST

LN2 Tank

N2 Circulating Compressor

LN2 Circulating Heat Exchanger

Comp.
Skit

LN2 Purifier

Subcooler Dewar

IR Magnet - A IR Magnet - B

Cryogenic System Flow Diagram 

Detector Solenoid Magnet SRF Cavity - BSRF Cavity - A

LHe Dewar - RF

March 30, 2002

Copmressor
Skit-RF

LN2 Purifier

BEPCII e-p Collider Superconducting RF Cavity, IR Magnets & Detector Solenoid

Refrigerator
Cold Box-RF

HP GHe Storage

LP GHe Storage

3.9  3.9  Cryogenics SystemCryogenics System
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Collision Mode
�Separate two beams rapidly into the two rings with

Crossing angle            11 mrad ×××× 2
SCQ                             26 mrad ×××× 2
ISPB (inner ring)       65.5 mrad

�ββββ-functions at IP are 1.0m/0.015m.
�3.6-m, 1.0-T BESIII detector solenoid field is 

compensated by anti-solenoid and skew quadrupole
in the SC magnet package. 

SR Mode
Connect two half outer rings with

SCB                             27 mrad
COD @ IP −−−−6.7 mm

3.10  Interaction Ragion
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SC MicroSC Micro--ββββββββ MagnetsMagnets

IMAC Meeting Report - 24 - August 31, 2003

Coil Layout of SC IR Magnet

IMAC Meeting Report - 25 - August 31, 2003

Three Anti-Solenoid Compensation Scheme

IMAC Meeting Report - 26 - August 31, 2003

Anti-Solenoid Power Schematic

IMAC Meeting Report - 27 - August 31, 2003

Coil Parameters of SC IR Magnet
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Collaboration on Collaboration on BEPCIIBEPCII
Linac:  SLAC, KEK, INFN …………
Multiple bunches with Pretzel: Cornell …………
SC Micro-ββββ quadruples:  BNL, KEK …………
Interaction Ragion: KEK, SLAC, INFN…………
Superconducting RF cavities: KEK, Cornell, PU…………
Impedance study: LBNL, Tsinghua U., …………
Beam Instrumentation: CERN, SLAC, KEK…………
PC farm and Data management system: FNAL …………
BES III shower counters: Cornell …………
BES MDC IV:  Cornell, USTC …………
BES III VC:  FNAL D0 …………
BES III electronics: Tsinghua U.,……………………
……………………
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(4) Budget and Schedule
Linac Upgrading 44 
Storage Rings 240 
Detector 230 
Utilities 80 
Others 14 
Contingency 32 
Grand total 640M (77M$) 
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The project is expected to be finished in 4 years after its approval
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(5) (5) SummarySummary
The The BEPC has been well operated with many BEPC has been well operated with many 

exciting HEP and SR results for 14 years since it was exciting HEP and SR results for 14 years since it was 
put into operation in 1989.put into operation in 1989.
The BEPCII is designed as microThe BEPCII is designed as micro--ββββββββ plus plus 
multibunches with two rings and its design multibunches with two rings and its design 
luminosity is two order of magnitude higher than the luminosity is two order of magnitude higher than the 
present BEPC in energy range of charm and present BEPC in energy range of charm and ττττττττ . . 
Some key technologies is being developed in order to  Some key technologies is being developed in order to  
achieve the scientific goal of the BEPCII.achieve the scientific goal of the BEPCII.
The international collaboration and contribution will The international collaboration and contribution will 
be promoted in order to accomplish this challenging be promoted in order to accomplish this challenging 
and exciting project on schedule and budget.  and exciting project on schedule and budget.  
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ICHEPICHEP’’0404
32nd International Conference

on High Energy Physics
August 16-22, 2004

Beijing, China
http:// ichep04.ihep.ac.cn

Welcome Welcome Welcome Welcome 
to to to to 

BeijingBeijingBeijingBeijing
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Thank You 
for Attention
Thank You Thank You 
for Attentionfor Attention


