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Abstract bunch pretzel scheme (BEPC-II) are proposed to be the

candidates of the future program at IHEP. The feasibility
Beijing Electron and Positron Collider (BEPC), a 1.55—study of BTCF was supported by Chinese government in
2.8GeV accelerator facility serving for both high energf¥ebruary 1995, and successfully performed in the
physics experiment and synchrotron radiation applicatiofgllowing one and half ye&8k It was positively reviewed
was constructed in the years from 1984 to 1988. Thw an international review panel in November 1996. The
BEPC has been operating since 1989, in the meantime fireposal on BEPC-II was discussed as early in ¥991
BEPC upgrades were conducted and Beijing Tau-Charmd a preliminary design was carried out in the last few
Factory, a 1.5—2.5GeV double-ring collider wasyear§'. The studies on both BTCF and BEPC-II are all
designed in the period from 1993 to 1996. In this papeagping on at IHEP now, the R&D of the key issues
the BEPC and its current status are briefly introduced, tikencerned BTCF and BEPC-Il is expected to be
recent progress and the achieved results of the BER@proved in the coming years.
upgrade project are presented, and the future program of
BTCF/BEPC-II is described.

2 BEPC OPERATION STATUS

1 INTRODUCTION BEPC has been well operating since May 1989,

Beijing Electron and Positron Collider (BEPC) is the firssome important physics results, such as precise Tau-mass
high energy accelerator facility ever built in CHindt measurement, and a lot of synchrotron radiation research
consists of four main parts, a 200m-long Linac injectaachievements have been obtained, which makes an
providing electron and positron beams of 1.1—1.55Ge\¢fficient “dual uses in one machine”. Even in the BEPC
a storage ring in a race track shape and with wpgrades period from 1993 to 1995, while hardware
circumference of 240m accumulating and acceleratirgystems upgrades were being made in progress, the BEPC
electrons and positrons to 2.2—2.8GeV, a generakas still kept in operation.
purpose magnetic spectrometer located in the south The running time of BEPC was about 5500-6000
interaction region, and the synchrotron radiation facilithours each year and the operation efficiency was above
(BSRF) around the south part of the storage ring. 90%. Table.1 shows the main operation parameters and

The construction of BEPC began in October 1984ollected events or integrated luminosity before 1996. The
and the electron and positron collision was first realizedinning time was shared by high energy experiments,
in October 1988. The Beijing spectrometer (BES) wasynchrotron radiation applications and machine
moved into the interaction region in May 1989. Sincstudies.
then the BEPC has been operating for high energy physics
experiments as a collider and for synchrotron radiation Table 1. Operation parameters and collected data
applications in parasitic and dedicated modes as a light
source. The BEPC layout and machine configuration and W T W Ds(Do)
parameters were reported in details elsewtiéte

The BEPC upgrades project was performed in th
passed few yedt§, aiming at higher luminosity for high Energy(GeV)
energy physics experiment and higher brightness f¢
synchrotron radiation applications. This project wa
approved by Chinese Academy of Sciences in May 1998,uminosity
the upgrading works of hardware systems were completg@10°cm’s’)
before 1996, and the collider luminosity gain by a factdfTotal Events dr
of 1.5 at W energy was achieved in May 1996 through qint. Luminosity
preliminary commissioning about two months. The newly

developed multi-period permanent magnet wiggler (3Wit the consistent and tremendous efforts in the machine
was installed into the storage ring in June of 1996, a mponent improvements and machine studies, the
then the photon brightness about 10 times higher than thkgrated luminosity was increased year by year. Figure
from the existed beam line was provided by the newly shows that the integrated luminosity per day at Ds
constructed beam line 3W1A in May 1997. __energy (2.015GeV per beam) grew up by a factor of 1.65
The rich physics in Tau-Charm energy regionom 1992 to 1994. Figure 2 shows that the integrated
encourages the Chinese high energy physics Commuq%inosity per day a¥’energy (1.845GeV per beam) was

g)dvgﬁf:i(gg rgggarcc:ﬁnfsa:{:lijlﬁ; aBer;j(iar\:\gl; :Ir—:ﬂgng:m If;égﬁfﬁcreased by a factor of 1.22 from 1994 to 1995. In the
(BTCF) and the further u,pgrading BEPC with multi- EPC run of 1996/1997, the preliminary machine
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commissioning for R-Scan physics experiment wdsngth versus different energy and beam current as well as
performed, and the electron and positron collision wa~ voltage were precisely measured by using streak
realized at 9 different kinds of center mass energy fromamera, which was described as a scaling'faw.
2.0GeV to 5.0GeV. From the above shortest bunch length in the existing
BEPC storage ring, the minimuf, is determined to be
UL, lyear about 5cm. Instead of adding the mhipermanent
17.6pb* quadruple magnets into the detector region, the insertion
OL.. /day quads of Q1 and Q2 were moved towards the interaction
point by 35cm and 45cm respectively. Correspondingly
§ the BDy was reduced from 8.5cm to 5cm. After a
9.3pPb" 161 preliminary machine commissioning about two months,
6.6 pbt 110 nDb the peak luminosity at W energy reached 4.880% cm
97 nb! s in May 1996. As shown in Figure 3, the luminosity
gain factor is about 1.5. The machine commissioning for
luminosity gain at Ds energy was scheduled this year.
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Figure 1. Integrated luminosity at Ds energy
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Figure 3. Luminosity versus total beam current
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Figure 2. Integrated luminosity#tenergy 3.2 Linac Energy Upgrade
In the test run of May 1996, the Linac energy of BEPC
3 BEPC UPGRADES STATUS was increased from 1.3GeV to 1.55GeV which met the
o requirement of the full energy injection to the storage ring
3.1 BEPC Luminosity Upgrades for JW physics experimefi. This energy gain was

In the initial plan, the min@ optics and single interaction obtained by using two sets of newly developed 65MW

point collision as well as the beam emittance control weklyStron and its 150MW modulator, and by stretching the
the main measures considered for BEPC luminosifjficrowave pulse from 35 to 3.7is to get more peak
upgrade®. The minig optics was believed to be the mosPOWer from the Energy Doubler.

effective way to upgrade the machine luminosity. Undef 3 control System and Beam Instrumentation Upgrades
this consideration, the vertical beta function at the )
interaction point@’,, was designed to be decreased fromfhe BEPC central control system and the Linac local
8.5cm to 3.6cm, and the peak luminosity enhanced facgfntrol system as well as the safety interlock system were
was expected to be 2.4 if the bunch length could @l upgraded or reconstructéd™. The architecture of
shrunk to 3cm at 2.015GeV and 35mA. In order téhe central control system was transformed from a
shorten the bunch length, the total RF voltage Wé‘ser)tralized system toadistributedlone based on Ethernet,
increased from 0.8MeV to 2.0MeV by adding two Sp&hich made the system faster in response and more
cavities and regrouping the existing high power REeliable in performance. All these control system upgrades
amplifiers. The ring impedance was reduced by taki ofited Fhe_stable operation of the BEPC Linac and
two kicker magnets out of the storage ring and b$torage ring inrecentruns. _ _

shielding the 66 small cavities formed by bellow flanges ~ The beam diagnostic system, including the tune,
of the ring vacuum chamber. However the buncRunch length and transverse beam size measurements, the
lengthening effect is still out of control, the shortesP®@@m position monitor, was well upgraded both in its

bunch length available in BEPC at 2.015Gev and 35mA fgeasurement precision and in its sﬁéedi_s shown in



measurement were also realized by reconstructing tbescoveries in physics could possibly be made by using its

data acquisition setups. higher intensity and polarization colliding beams, BEPC-
Il with luminosity of 1G°cm’s' at 2.0GeV is another

Table 2. Improvements of Beam Monitor System  possible way to continuously develop high energy

experiment physics in China, some important physics

Measurement Resolution Speed such as glue bgll could. be well studied by t.his upgraded
machine. The final choice of the future project at IHEP

Upgrade Before | After Before | After will be made after the R&D concerning the common key
issues both in BTCF and BEPC-II in few years.

BPM(o >50um | <10um 50s 15s

) H * 4.1 BTCF
3 v
Tune@v/v) 10 10 >10s 2s The feasibility study on BTCF was initiated in the
Cross section|  10% 1% >30s <2s beginning of 1995 and reviewed by end of 1996. As a
(Aolo) result of this study, a reference deSigon BTCF was

completed and published with a preliminary BTCF
facility layout as shown figure 4. Moreover the
3.4 BES Upgrades concerning studies continued going on, and the lattice

The BES was reconstructed during the BEPC upgradif§sign and interaction region design as well as
period for getting lower background and faster acquisitid?P'ar'Za}t;](aQu%ﬁgeme study achieved satisfactory progress
rate of events. The test run showed that the time of flighst yeaf :

counter (TOF), the Vertex chamber, the relate _

electronics system, the on-line and off-line dat PR
acquisition were well improved in their performance
However the main drift chamber (MDC-II) failed to be in o
normal operation due to the discharge problem of i BTCE Double=Ring
feedthrough for wires. To solve this problem, the MDC-I w
was modified by applying the hybrid voltage to wires
The concerning test run was scheduled in the comi
April.

The hadron events rate a®Jénergy detected by the
upgraded BES (BES-Il) was doubled after BEP(
upgrades, in which about 70% was attributed to tF
collider luminosity upgrade, and 30% came from th
improvement of the detector acquisition rate.

3.5 BSRF Upgrade

As part of BEPC upgrades project, BSRF upgrade was
carried out in the last few years. The existing 7 beam lines
and the corresponding 11 experiment stations were
improved to enhance the BSRF ability for conducting
high quality research experiments. A permanent magneg
wiggler(3W1) was successfully developed and installeﬂﬁ@m
into storage ring to replace the existing electromagnet}
wiggler in June 1996. This wiggler has 5 magnet periods ¥,
and field strength of 1.5Tesla, its gap can be changed &%,
from 220mm to 43mm during the operation. Its equipping by
beam lines 3W1A and 3W1B for hard and soft X-ray
were constructed in the meantime, and the photon
brightness provided by 3W1A in last run reached one
order higher than that from the existing beam line.

Figure 4. BTCF facility layout

4 THE FUTURE PROGRAM

The BEPC achievements and the rich physics in Tau-
Charm energy region encourage Chinese scientists to
pursue a new Tau-Charm physics advanced research
facility, either BTCF or BEPC-II. Its energy range of

single beam is 1.5 to 2.5GeV, and the collider luminosi L .
ted iS10°2~ 10%8 enis'at 2.0GeV. BTCE is a nature epara;ed abqut 1.6m, each ring is 53m w@e and 165m
expec ' : long with a circumference of 385.4m. The ring can be

extension of BEPC, with which some potentialyyided into four kinds of regions: the interaction region,

Figure 5. BTCF storage rings

BTCF is a double-ring collider with one interaction
oint, as shown in Figure 5. The two rings are vertically



two polarization insertion regions, two arc regions and @nsidered and analyzed, some of them will be further
utility region with injection and RF sections. investigated in the future R&D project.
The BTCF design goals are: (1) the maximum peak
luminosity of 1033 cni’s* at energy of 2.0GeV, (2) the 4.2 BEPC-II
operating energy from 1.5GeV to 2.5GeV with thdJpgrading BEPC by means of multi-bunch collision like
potential up to 3.0GeV, (3) basic high luminosity desig€ESR, namely BEPC-II, is a challenging way to reach the
compatible with polarization mode and monochromatquminosity up to 102 cni’s* at 2.0GeV. Its pretzel scheme
mode. (4) stable and reliable operation with optimurgan increase the number of colliding bunches at one
average |luminosity of 72% peak luminosity. interaction point in the single storage ring while avoiding
The common strategy chosen in other new the other parasitic collisions. In BEPC-II, the pretzel
generation colliders to achieve high luminosity, includingrhits generated in horizontal plane and vertical plane by
microf withp =1cm, multi-bunch high current beamDC separators were considered. As a horizontal pretzel
about 570mA with 86 bunches per ring, small crossingrbit case shown in Figure 6, its operating tunes were
angle collision, is adopted for the BTCF main schemeesigned to be ©5.84 and (¥6.76, 6 bunches at most

The BTCF machine design lays emphasis on the flexibjger beam could be filled into the pretzel orbit. The main
lattice with an efficient and multi-functional interactionmachine parameters of BEPC-II are listed in Figure 4.

region, and the compatibility of different modes. Table 3
lists the main machine parameters for BTCF high
luminosity mode with a horizontal crossing angle. The
design details on high luminosity, polarization and
monochromatic modes are reported elsewliete

Table 3. Machine parameter of the BTCF
high luminosity mode

Beam energye  (GeV) 2.0
Circumferencec (m) 385.447
Revolution frequencyf, (MHz) 0.778
Crossing angle at IRy, (mrad) 5.2
B -function at IP g} / B, (m) 0.65/0.01
Dispersion atIB; , 5 ; (M) 0.0/0.0 Figure 6. BEPC-II pretzel orbit
Betatron tunesy 1Q, 11.75/11.76
Momentum compaction , 0.014 Table 4. Main parameters of BEPC-II
Synch. rad. loss/t KeV
yne : ra. oss/tu , (Kev) 172 Beam energe  (GeV) 2.0
Damping time; ; ,;, (MS) 30/ 30/ 15 CircumferenceC (m) 240.4
Natural emittance , , (nm) 138 Bending radiuso (m) 10.345
Vertical emittancesy(nm) 21 Number of bunchesk 6X2
Momentum spread 584x1074 Number of IPN,p 1
Synchrotron tun€, 0.068 B -function at IP B, / g}, (M) 1.2/0.02
Natural chromaticity q, /q, -17/-35 Bunch length 0} (cm) 1.5
Total current per beanl (A) 0.57 Bunch currentl, (MA) 26
Number of bunches 86
Bunch spaceS (m) 40.07
Particles per bunch 1
P Np (0% 0.54 Total currentl; (mA) 312
RF frequency f; (MHz) 476
RF frequencyf,s (MHz) 500
RF voltage v, (MV) 6.8
RF voltage Vi (MV) 35
Natural bunch lengtty; (cm) 0.76
Beam-beam effect, /&, 0.044/0.04 Beam life time T (hr) >4
T . . . -2 -1 1.0X 1032
Luminosity L (cm 2 1) 1x10%3 Design LuminosityL (cm “s ™)
CM energy spreadd,, (MeV) 1.7

Except for realizing the multi-bunch collision by

. . o employing the pretzel orbit in single ring, BEPC-Il has
The collider physical and technical issues, such any features like BTCF, such as mi@oat the

the beam instabilities, background masking, injection and o raction point, multi-bunch high current beam etc.

injector, hardware systems like SC magnets and SC Cav’—%wever in terms of the beam dynamics issues, BEPC-Il
as well as vacuum system etc., were also roughg more complicated due to the pretzel orbit induced. In



the last few years, many important issues on BEPC-Il httee BEPC upgrades, which will give us a great help to
been preliminarily investigatéd™”. The lattice design make our final decision.

with the solenoid coupling compensation and the
chromaticity correction was conducted, the beam
instabilities and beam-beam effects were analyzed, the

physigal aperture and beam injection scheme Wei%e BEPC has been well operating for about 9 years
exam|_ned, the related hardware systems upgrad_es Wilith fruitful  achievements in high energy physics

also dlscussed. All these correspondm_g Investigations X periments and synchrotron radiation applications. The
still going on now, and some experiments on pretz EPC luminosity upgrades were carried out and the

scheme are expected to be conducted at BEPC in Eu(raninosity gain by a factor of 1.5 was achieved &t J/

coming years. energy. The machine commissioning to obtain the
4.3 R&D for BTCF and BEPC-II luminosity gain at 2.0GeV and by employing single
) i , __interaction point scheme was scheduled this year. The
It is obvious that the best choice for future higheagibility study of BTCF was completed with a positive
luminosity collider in Tau-Charm energy region is BTCFayjew, the initial design of BEPC-Il was carried out with
However, its construction budget is several times of thataasible proposal. The corresponding R&D program of
for BEPC-II. Since most advanced technologies adoptedrcE combined with BEPC-Il was planed last year, and

in both BTCF and BEPC-II are very similar, as shown irn, expected to be approved in the coming years.
Table 5, and some of them should be carefully studied

before making the final decision and construction, the
R&D project on the key common issues extracted from
the two colliders were proposed to the Chinese Acaderw
of Sciences last year.

The R&D will focus mainly on optimizing and [2]
finalizing the overall design of BTCF and BEPC-II,
conducting machine studies at BEPC and othe e[3]
colliders, developing a few key prototypes on which ncf
experience existed, and establishing advanced technol 6&/
basis such as SC cavity etc. -

(6]
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On the other hand, it is essential to incorporate the
experience gained from the two B-Factories (KEK-B and
PEP-1I) and®-Factory (DAPNE) as well as CESR and



