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ABSTRACT * Having more precisely measuredepton mass as [3]
m, = 1776.% 0.2+ 0.2 MeV
BEPC operation status over the past years with the It is furthermore precise in statistical errbran the
results in exciting physics and integrated luminositpne we firstly measured in 1992 by fittingata with
enhancement are summarized. The status of the luminosikglihood method using more eventnd more decay
upgrade project is described. The future plans on tamodes, and furthermore tend to fit the lepton universality.
charm factory and new generation light source are * Having confirmed the existence of t§6230), and

presented. have discoveredts very important new decay modes,
§(2230) - pp and§(2230) - i1t with vary narrow decay
1. OPERATION STATUS widths, which is a big progress in understanding its nature

and it looks very like a glueball.

The Beijing Electron Positron Collider (BEPC) [1,2]  In the SR runs,BEPC co-operated with Beijing
has been well operated for about 6 years since 198nchrotron Radiation FacilitBSRF)hasalso obtained
serving for High Energy Physics (HEP) as a collider anghe rich experimental results in the pgsars since 1991.
for Synchrotron Radiation Research (SR) as a light sourgghout 1000 hrs. and3500 hrs. beam time peryear in
It operated 55000 6000 hrs. each year. The typicaldedicatedand parasitimodes respectivelgre provided to
operation statistics in a year (e.g. 1994) for HEP, SRbout 80 usersinits from institutesand universities in
machine study (MD), injection (INJ), recovering &China. In thededicated SR mode, BEPC is operated at 2.2
commission (RC) and failure time is listed in Table 1geV and 30090 mA with the small horizontal emittance

showing the operation efficiency is higher than 90%. of 70 nm-rad.
o o In the progress of servinfpr HEPand SR, BEPC
Table 1. Statistics of BEPC operation in 1994 itself has been improved withmaintains and machine

studies. Themain characterization of thenprovements is
: HEP | SR | MD | INJ | RC | FALL Total] the raise of the integrated luminosity. Tabler®l Fig. 1
;I(;?:e(:trS) ;2222/ ;(1)84%) 18;; 71‘;18/ ?11800/ 259(2) 518(?3/ showthe statistics oBEPC operation at Denergy (2.015
age i I e ity e ° GeV per beam) in 1992--1994 [4], in which the integrated
luminosity per day was significantly increased from 97 nb
In the HEP runs, due to thenigh luminosity and the in 1992 to 161 nbin _1994, t.hat_is with an enhancement
reliable operation, BEPC cooperated withe detector factor of 1.65. Themain contribution to this enhancement

Beijing Spectrometer (BESjas acquired plenty of data, Were made by following factors:

as shown in Table 2, in which thmain operation o )

average luminosity per day) are also listed. in 1992--1994.
Table 2. Operation parameters and acquired data vesr ‘éi‘;;"'”g :m A) z‘l'"('focm,z ) "(;‘ﬁf Y I(‘F')"B,T)Otal
1992 | 68 60.7 5.3 97 6.6
Iy TT P D. (D) 1993 | 85 56.0 4.0 110 9.3
Energy (GeVv) 2x1.548 | x1.777 | 1.843 | %2.015 1994 | 108 67.0 5.6 161 17.6
Max. current (mA) 50 55 60 65
Max. lumi. 3-4 4-5 5-6 5-7 * The tunes were optimized and thenjection
(10"em’s’) conditions were improved as possible.
Int. L;g’r'a‘;r Event | 100 K/day 120 nb | 107 nbf | 161 nbf * Some beam instabilities related to RF cavitie=re
Total Evenf or 10 10 suppressed by using thdOMs coupler inthe BEPC
Int. Lumi. 4.74 pb 23.5pb' cavities.

* By improving the vacuum situatioand thefast
BEPC/BES is an unigue machine whichsoperated protection for RF windows.
in the tau-charmenergy region,and fortunately it has * All of the magnets in theing have been carefully
obtained a lot of important experimental results antealigned in the summer-shutdown periods, after that much
exciting physics, among which are:



better closed orbit was obtainatid thebackground was permanent quadruples which installed inside digector
improved. andvery near the interaction poirfsay 1.3 maway from
* By improving the linac operation, e.g. stability arite IP), as shown in Fig.2.
reliability of klystron modulators, sahat the injector The most crucial factor fahe minif3 optics in BEPC,
operation efficiency has been risen. having a ringwith lower energy oR.0 GeV and smaller
17658 circumference of 240 m, is bunch length and its
lengthening. In the routine operationBEPCthe ratio of
p-/o, would be aboutl.2, which makesigherluminosity

oEgh’ and better signal to noise ratio. It means thehould be
f.6ph i 161n' about3.0 cm in the min@ optics, while at preserd, is
| 10z about 5017 cm.
To shrink the bunch length @bout3.0 cm, a method of
having higher RFvoltage inthe cavitiesvas chosen. By
1997 1993 1994 addingtwo cavities (used i8PS, CERN)and re-grouping
the available RFpower supplies, togethervith two BEPC
O Int Lum sy (") cavities, a total RF voltage 8f4 MV can beexpected. With
[0 Int. Lumivear (pb') this minif3 scheme, the luminosityain factor of 200 3 was

expected.

=Sl

The rich opportunities of high energy physics in BEPC J‘HM

energy regionand theexciting physics results obtained L

with BES encouraged us to upgratie BEPC luminosity, H@&r’?’ : S T
N

oTnb

Fig. 1 Integrated Luminosity at Ds energy

2. UPGRADE STATUS

eventhough the realized luminosity of x60* cm’S" at — e e
2.0 GeV is already met with the design goal. The actions of
the upgrade project involve: =4 e —

* Luminosity upgrade by mainly usingini-p optics, Sl W T T T T
and by using single interaction point collisiand bybeam =
emittance control . - .

* Linac energy upgrade Fig. 2 Min-B QP in Detector

*
Control system upgrade and To measure the real bunch length whigher RF

* Reconstruction of the Detector (BES-II) . . . : .
The upgrade plamvas firstly discussed in 1990 Involtage is the most important issue in examiningBE®C
_ ,.mini-B scheme. As the firsBPS cavity waput into

June of 1991, thevorkshop on BEPC luminosity ngradeoperation,and the higher RFoltage of 1.5 MV was

washeld in IHEP,and 14 foreign experts were invited to . ;
o . obtained in the Autumn of 1993, a great number of bunch
participate thisvorkshop. In May 0fl992, IHEP sent an length data with different RPFvoltage, different beam

official proposal tothe ~Chinesécademy of Science energyand currenwere obtained bysing streak camera

(CAS), and then t€hinese Government. Finally theand simultaneously by using beam spectrum analysis
upgrade project wasfficially approved in May 01993 method. By fitting all of the measured data, @l#ained

Since then theproject is going well, even facingome : .
technical difficulties. ng scaling law of the bunch lengthBEPC storageing:

2.1 Mini{3 Optics
Ol,(MmAa, E[VZ-BO
The mosteffective way toget a significangain of 0, (cm = 0-4OAWD
luminosity is to uséhe minif optics. Since keeping the 0( eV)US 0

beam current constant, the Iluminosity is inverse

proportional to the verticgd function at interaction point By this scalinglow one findthatfor E, = 2.0GeV,
- in the case of optimum coupling between horizontal and,; = 2.002.4 MV and | = 35 mA (as the same as in
vertical motions. routine low-p operation)then o, will be 4.2 0 3.9 cm,

In the routine operation with lo@-optics in BEPC the Which is longerthan thepreviously estimated one. If the
g° is 8.5cm, and in the primarglesign of the minp optimum g/g, is still aboutl.2, then thecorresponding

With g'= 5cm, the luminosity gain factor is only about 1.7.



If one increase thbeamcurrent upto 46 mA, whicimeets * Replacing three sets of old Klystrorend old
the saturatetbeam-beam paramet&r= 0.04, then in the modulators by new constructed 65 MW Klystrand 150
case ofp” = 5 cm, the luminositygain factor could be MW modulators. With careful consideration to reliability
reached to about 2, evéinough the bunch length will be and EMcompatibility, theprototype ofthe new modulator
increased to 4.5 cm. hasbeen designedandconstructed. The measuredltage
Since the designeBEPC lattice is reliable and output showshat it meets with the design requirement. A
flexible, the calculation withg? = 5cm opticshasshown 3.7 ps wide pulsewith 354 kV voltageand 430 A peak
[7] that without adding any hardware BEPC the g7 = currentwere successfullgenerated [11]. Other three new
5cm opticscan be reached just by moving the insertioWOdUIatorS have also been fabricafEde prototype of the

quadruples Q1 and Q2 towards to the interaction point b)P w Klystronhasbeen made irChina anddelivered to

distances of 37 crand 47.7 cmiespectivelyand abetter :<I Ft) |n'F§b'ruarty %9§5Thtempr|maryt teftdotf t?et r:gw
dynamic aperture can be also obtained. ystron 1S being tested on W constructed test station

To finally realize themini-B optics in BEPC, we [12]. Other three new Klystrons are being constructed.

should furthermore compresise bunch lengthfor which X Incregsmg the RF pulse width fro”ﬁ :.i‘l@ .to 3:5us
one of thepossibleway is bydecreasing the longitudinal or more W|§jer sdahat higherenergy multiplication factor
coupling impedance of the storagag. Thecalculation can 'llz')etaltl:hltivel('i il be i dto 1G8V
and mea-surements on impedance with different elements . otally the linac energy will be increased to '
in BEPC have showihat the 4kickersand 40bellows W ich pan mgke the fuénergy injection intaing for J&
made the main contributions to ring impedance. &NdTT experiments.

Collaborated with Tsing-hu&niversity a special group
has been organized to furthermorstudy the precise
measurementand impro-vement on impedance. The
primary results have showhat with theimproved bellow, ] 4 - A
its impedance can be reduced from @@6 0.01R/each reliably for 40,009 .hours since wtas built athe end of
and with slotted kickers, its impedanoean bereduced 1987 But the original contratystem was proved to be

from 0.35 to 0.07@/each [8], sahat theircontribution to IL.m(.jteSJrable In m?tnhy af,/r;e;/t%osuch It(MI CPU ?ower,d
the ringimpedance could be reduced by a factor ab3 Imited memory ofthe control computer an

We have to make more effort trying to reduce theing som_?hc;ther r;::jdewgfntahzr?:glrirrne&stem is taransform this
impedance with machinstudy and finally realize the ¢ upgrade ( y ! IS

S . systeminto a distributed onbased on DECnet to make it
mini- scheme in BEPC.

The minif permanent magnet, made N8FeB, has faster in responsand more reliable in performance. The

the length of 500 mnand thefield gradient of 8T/m. It new control system is shown in Fig.3.
consists of 10 magnetiings longitudinally,andeachring
consists of 24 magnet piec@his configuration makes the

harmonic components of magnet much small. The

2.3 Control System Upgrade

The BEPC control systerhasbeenrunningsafely and

Console

prototype ofsingle-ring anddouble-ring have been made, @ L=ll-=l L =] L =Jreme

and themeasured harmonic contents after tuningadueut 1 L |

a few of 10[9]. E E E
Thetwo SPS cavitiehave beerput into operation in Tocomputer | 4500 VAXIl 750

the Autumn of 1994. Together witivo BEPCcavities, the #@ #@
total RF voltage of four cavities ithe operation can be

reached to 2.0 MV. Thiwo additionalpower supplies for CAMAC CAMAC
Q1 and Q2were prepared foithe mini schemeand for I I
the study on single interaction point. |Devices | | Devices |

) Fig. 3 Upgraded control system structure
2.2 Linac Energy Upgrade

: , ) With two VAX4090 workstations appended on
The linacoffersthe electrorand positron beams with jEcnet used ashe new consolethe old oneand its
theenergy of 1.35eVinto the storageing atpresent. The 4o ver Grinnell are eliminated. TR@&X4500 and Micro
beams withhigher energy fromthe linac will make the \;ax)| computer are connected with DECnet to carry out
injection more effectiveThe linac has 1&lystrons with o (o1 time control. Replacing VAX756nd the VCC

the average RF output about 19 MW each in routine i the Qbus/CAMAC adapter interface, both VAX4500
operation,and has 12nergy doubleswith the energy ,.4 vAXIl can independently contrall BEPC
multiplication factor of 1.4 each.

The procedure of the linacenergy upgrade
includes[10]:

equipment.



The upgradingwas carried out without interrupting

* By using a microB scheme, so that thg is 1 cmin

the normal operation of BEPC, therefoa#t of the low (CF, which is 1/5 of the one in BEPC.

level CAMAC system havaot been changed. A lot of
software development have also been done to meet with
upgrade requirement.

The upgrade ofBEPC control systemhas been
finishedand theew system wagut into use irDctober
1994[13].Now, the new BEPC console is a friendiyan-
machine interface. We u$&o workstationsandtwo VAX
computer systems am-line control, thesystem ismuch
more reliable. Th&€PU powerand memory resource have
also been increased, so the response time is shortened.

3. FUTURE PLANS

3.1 Tau-Charm FactorytCF)

Even though therevere fourtCF workshops in the
world since 1989 to 1993, to confirm thecessityand the
feasibility of atCF in existence of two B-factories in the
world aninternationaltCF workshop [14] wabeld again

at Stanford, California in August 1994. The meeting hason-zero vertical dispersion at IP, ttudy the

th€able 4 The comparison betweedF and BEPC

BEPC 1CF
Number of bunches 1 32
Bunch separation (m) 240.4 11.48
Particles per bunch 2.1610" 1.3x10"
Bunch current (mA) 40 17.16
Current per beam(mA) 40 550
B- function at IP (cm) 5 1
Bunch length (cm) 4.5 1.0
B-B parameter 0.04 0.04
Luminosity(cnf[3") 1.5¢10" 1.0:10°

So that thetotal luminosity enhancement factor of

68.75 could be achievedihe construction of BeijingCF,

as the same aSERN design [16]would probably have
following three phase program: 1) Standard phase,
conventional design withigh luminosity at theenergy of
T-lepton production threshold. 2) Monochromatic phase at
the energy of 3 resonance, witHow emittanceand a
CP-

concludedthat:” In certainbasic areas of particle physics.violation. 3) Longitudinal polarization phasepmbined
such as the seardbr glueballs, possible CP violations inwith monochromatic collision. For the firsto phases, the

lepton systemand the charmonium structure, tHeF
provides an unique facility". Since such searatesonly
be precisely madeear theirproduction threshold with a
1CF. The meeting also encouraged us to construCfan
future at IHEP, Beijing in the frame of international
collaboration.

A primary design of aCF in Beijinghasbeen made [15]. It
is a two-ring, one collision electron-positron collider with
design luminosity of 1® cm’$" and anenergyrange of 30

6 GeV. Its constructiogan be carried out on the site of the

existing IHEP compleandvery near theBEPC as shown in

Fig.4, and it can use the existing linear accelerator injector

N | JLBL_LBL LA Lot
= ﬁ‘%‘" i;’i"_k:

Fig.4 Layout of Beijing TCF

The performance comparistetweermCF andBEPC
is as shown in Table 4. Theain ways toapproach the
TCF luminosity from the one oBEPC are probably as
follows:

* By using a multi-bunch scheme to reach tieam
current of 550 mA intCF, which has a current
enhancement factor of 13.75.

primary parameters are listed in Table 5.

Table 5 Primary parameters of BeijinGF

Standard Monochromator

Beam energy (GeV) 2.0 15
Circumference (m) 367.5 367.5

3 g BI(m) 0.2/0.01 0.01/0.15
Dispersion at IP (m) 0.0 0.35
Momentum compaction 0.022 0.008
Natural emittance (nm) 251 10 (J=2)
Energy spread (1D 5.4 8.0
RF frequency (MHz) 499.58 499.58
RF voltage (MV) 9.0 9.0
Number of bunches 32 32
Current/beam (mA) 550 215
RMS bunch length (cm) 1.0 0.78
B-B parameter (hr) 0.04/0.04 0.031/0.015
Beam life time (hr) 4.8 15
CM energy spread (MeV) 1.53 0.105
Luminosity (cnf[5") 1x10° 2.2%10”

The designand construction of thetCF should be
started with a long term R&D, since it faces a lot of serious
challenges in the performanand techniques required
both in acceleratoand detector. Thecost estimation to
construct the BeijingtCF is about 120 millionUSD, a
quite big amount foChina. Therefore IHEP should make
its great efforts, with the national and international
collaboration, to prepare thgoject both in technical and
economical aspects. Fortunatéte feasibility research of
the Beijing TCF was officially approved by Chinese
government recently, which will take oaad an halfear,



making a conceptual design of the Beijin@F as well.
Then it might beollowed by athree or four year's R & D.

year's R & Dand followed by a five year'sonstruction

period.

The construction project is expected to start around 1999.

3.2 The New Generation Light Source

4. CONCLUSION

The BEPC has been well operated for about 6 years. In

Currently theBEPC dedicated SR operation time igshe HEP runs, due to thenigh luminosity and reliability

only about 20% ofhe total one, buabove 80users need

about 100020 times more fotheir interested experiments.

On the other handor the parasitianode it isnot easy to
well operatethe BEPC both as a collideand a light
source.

Due to these reasons, a proposal to construbird
generation lightsource inChina[17] (say CLS) is being

BEPC co-operated witthe detectoBES has acquired a
plenty of dataandobtained a lot of exciting physics. In the
SR runsBEPC co-operated witBSRFhasalso obtained
the rich experimental results in thdifferent scientific
areas. BEPC itselhas been improved as well on its
integrated luminosity.

The luminosity upgraderoject of BEPC, including

made at IHEP. Th€LS could be built by converting themaimy use ofmini-B optics, linacenergy upgrade, control

existing BEPC to dully SR facility if the BeijingtCF will

systemupgradeandreconstruction of the detector, is going

be constructed in the east side of BEPC, or by constructiagll, even facing someechnical difficulties. A luminosity

a fully new storageing in thewest side of BEPCand the

gain factor of 1.512.0 is expected in the coming years and

existing linac can baised asthe injector. The anotherof 3.,004.0 is also planed in theearfuture by improving

possibility is to construghe CLS in Shanghai, if itcould
be co-supported byhanghaicity, which is being also
discussed recently.

Some principles oflesigning theCLS have been

consi-dered as follows:

* The energy of CLS will be 2.02.5 GeV, so that will
be in median size (1901 250 m in circumference)
compared with 0.81.0 GeV and &18 GeV machines.

the ring impedance and others.

For the future plans, the Beijing Tau-ChaFactory
and the Chinese new Light Source are being proposed.
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