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Abstract be installed inside the BES with a distance of 1.27 m to the

L . . nteraction point(IP). The insertion quadrupole Q1 would
The luminosity upgrades of the BEPC are briefly rev'(_EW(EdD'e moved frpom it(s t%e original distar?ce of 2p5 m?o 213 m
The initial testing of the storage ring system and its preseﬂtOm the IP ’ '
performance are described. The feasibility study on the '

Beijing Tau-Charm Factory is discussed. fi
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1 INTRODUCTION el Ll F i
The Beijing Electron-Positron collider (BEPC) has beer; If}l '_|'1 o 111' f

running smoothly for about 10 years since its first bear | 1] , —r"f,':' , F
collision on Oct.16 1988[1]. The BEPC storage ring has i 'gr‘-' : B F— 1 = ‘.:!,' '
circumference of 240.4 m with two interaction points anc]| &7 T~ ] T i
T |

mainly works in the tau-charm energy region for high en] & —7 |
ergy physics. The Beijing Spectrometer (BES) has take; |I.J.Z~-~_-

..ﬂ....,..‘.,ll .

data at different energies fond/y’, Ds andt physics stud- * =2 o i i i oy
ies. About 9 million 3 and 3.5 millionyy events were col- ] ' ] ]
lected. A data sample at the C.M. energy of 4.03 GeV cor- Figure 1. Interaction region of BEPC.

responding to an integrated luminosity of 228 were
accumulated. Several important experimental results suchThe major parameters between designed rinptics
as the precise measurement éépton mass and the confir- and 8.5 cm lattice are shown in Table 1.

mation of the existence @{2230) have been obtained[2].

In order to further improve the performance of BEPC
and to provide a significant improvement on luminosity, the
plan of BEPC upgrades were carried out in recent years,
consisting of the injector improvements, control system
and luminosity upgrades. The latter will be mainly de-
scribed in this paper and the others can be found else- Exldy
where[3].

The BEPC luminosity upgrade program includes nfdni-
scheme and single interaction point (IP) operation. After
finishing the hardware changes and a preliminary acceler-

ator commissioning, we obtained the luminosity in EXC€Rhere r is the aspect ratio, others have common meaning.

of 4 10*%n 25~ at the energy of 1.55 GeV. . The expected luminosity gain from the miBischeme is
As a ne.xt step to further devglop the tau-charm p.hy5|q:ﬁam|y determined by the following factors:

research in BEPC, Chinese high energy community has

proposed to build Beijing Tau-Charm Factory (BTCF) and e The experiences from the BEPC show that the Ilu-

a feasibility study on the BTCF has been finished atthe end  minosity was optimized whefj ~1.0~1.20s. This

of 1996. means a bunch length o=3 cm is needed to match
By=3.6 cm.

2  LUMINOSITY UPGRADES e The most crucial factor for the mirfi-optics in BEPC

is how to reduce the bunch length.

Table 1: Main parameters of mifiand normal lattice
Parameters mini-p optics | 8.5 cm optics
Bx/By(m) 0.9/0.036 1.3/0.085
VylVy 5.785/6.710 | 5.85/6.82
0.04/0.04 0.04/0.04

The luminosity is given by:

L(cm 25 1)=2.17 x 1034 (1+1)I(A)E(GeV)B*(cm)

The main efforts for the BEPC luminosity upgrades consist
of adopting a minig insertion, shortening the bunchlengtho o RE System Improvements in BEPC
to match they, verticalf function at the interaction point,

and running the machine with a single interaction point. BEPC RF system was designed at a frequency of 200 MHz
with two cavities and gave a bunch length aboutl® cm

with available RF voltage at the energy of 2.0 GeV. To re-
duce the bunch length to a value @§~3 cm, the BEPC

In the original design of the BEPC mifliinsertion[4], a RF system has been improved with the aim of providing
strong vertically focusing permanent quadrupole(QP) withigher RF voltage, which includes 1) two SPS retired cav-
an outside radius of 11.5 cm and a length of 0.56 m wouliies were added in the BEPC tunnel, 2) re-grouping the

2.1 Proposed minf Scheme
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available RF power supplies for four cavities and 3) in-
stalling the HOM damper in the BEPC cavities and replac-
ing the cavity tuner by a new version without contacts. Fi-
nally, two SPS style cavities, together with two BEPC cav-
ities have been put into operation and provide a maximum
RF voltage of more than 2.0 MV[5]. T

£
=
e

rrrrrrrr 6,=0.651(1,0, fE,v )

6,=0.404(1,0, fE,v 2123

2.3 Attempts to Reduce Coupling Impedance

The phenomenon of current dependent bunch lengthen- 1 . S ‘;DLD b
ing has been observed in BEPC. An early estimation of TG /EV, A GV

the impedance budget revealed a longitudinal broad band Figure 3: Scaling law of bunch lengthening.
impedance O‘f% lo ~4.5Q, and the main contributions came

from kickers and bellows, etc. To reduce the bunch length-

ening effects, a preliminary measure was made, such asre-  1able 2: Main parameters of low@rscheme

moving the two idling kickers, a reduction of about Q.5 Bx/By(m) | 1.3/0.05
in the longitudinal coupling impedance was expected. An- VxlVy 5.82/6.82
other effort came from shielding the bellows. There are ExlEy 0.045/0.04

40 pieces racetrack shape bellows assemblies distributed

along the BEPC ring. Each side of the assembly is con-

nected by a flange in which a cavity structure exists. The The results also tell us that the bunch length reaches

status of flanges before and after shielding is depicted #2 cm forl,=35 mA at E=2.015 GeW;¢=2.0 MV. which

Fig. 2. is longer than the required value @ ~3cm necessary for

the minif3 scheme. On the other hand, the longitudinal

i T L@ coupling impedance%\o deduced from the measurements

cavity

of the variation of betatron tunes with current before and
after shielding the bellows are almost same. It can be seen
that there are no distinct improvement for shortening the
bunch length by shielding the bellows. The reason is not
yet understood. It is evident that the bunch lengthening
would limit the effective operation ofij=3.6 cm. So the
mini-P lattice has been modified from the original design.

spacer

o - o - 2.5 Lowerf Design
Figure 2: Flanges in BEPC before and after shielding.
Taking the operating experience of BEPC, the optimum
The measurements show that the cavity between tWgtio By/0s for the luminosity is about 1.2, with the
flanges made a remarkable contribution to the impedand® ~4-2 ¢m, the optimum value @ would be 5 cm.
To improve this structure of the assembly, spring contact 'Ntensive studies showed that the lattice wgjF5cm
spacers have been put into the cavities in each bellows &Quld be realized by moving the quadrupoles Q1,Q2 to-
sembly. These changes could be expected to reduce #@rds the IP by a distance of 35 cm and 45 cm respec-
impedance about 1.24for the total 40 assemblies. tively, without installing the permanent quadrupole QP.

With the above efforts, a reduction of more than 10% id "€S€ changes would decrease the maxirfyt the in-
bunch length would be expected. sertion quadrupole and natural chromaticities. The vacuum

chamber in the interaction region (IR) have been rebuilt

and the new one has larger aperture and smooth transition.

2.4 Measurements of Bunch Length Wm@omemainparametersforS@popticsareIistedinTabIe
Higher Voltage 2.

The measurements of bunch length with functions of beam o . .
current, RF voltage and beam energy have been pe?-6 Commissioning with Lowed- attice

formed with a streak camera and beam spectrum analyih the first priority given to physics experiments, only a

method[6],[7]. fraction of operating time was spent on the machine exper-
The measurement results show that the daid,ents and studies.

are well parameterized by the scaling law of ping the commissioning, several different optical

1(mA) . . .
oz(cm)=0-651(vs§27@)23))1/3'49, showing in Fig. 3. configurations (tunes anfl*) were tried with adjusting
The solid slope line describes the old scaling law whiclmany other parameters such as orbit corrections, sextupole
was measured before shielding the bellows. strengths and coupling corrections[8]. As a preliminary re-
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sult, the luminosity of BEPC has increased by a factor dEven though, the early SIP experiments gave no positive
1.5 and reaches a peak value @8x 10°%cm2s 1 atthe results. The reason is considered to be the vertical orbit
energy of 1.55GeV. A beam-beam paraméter0.037 is  distortion created by north separators leakage to the active
also obtained. Fig. 4 draws the luminosity and the vertilP. With adding 4 new power supplies in the north insertion
cal beam-beam tune shift as functions of the beam curremegion, a new lattice with more favorable conditions to SIP

Fig. 5 gives a picture of tune scan for the luminosity. operation has been designed:
slm®™h . . . i e Larger beta function§;=0.65 mpj=4.62 m at the
o | north IP.
i e Exact 180 phase advance between two north separa-
— Jim tors.
o Different tunesvx=6.12yy=6.62 from that in the two
ol IP’'s mode, which are just above the integer horizon-

. tally and half integer vertically. The beam-beam shift
for given beam-beam force would be minimized.

e Smaller natural chromaticitiesfyx=-11.2¢,=-16.7
would reduce the perturbation due to sextupoles.

a

£, {mnl
Figure 4: Luminosity and tune shift vs beam current.  With the new lattice, the miscrossing in the experimen-
tal IP due to the perturbation of north separators has been
eliminated, which makes the beams perfect collision. The

Machine studies on the tune scan show that the workingresent machine experimental studies with the new lattice
points atv,=5.805 and,=6.800 yield a higher luminosity. f B;=7 cm show that the beam-beam tune shift per rev-
olution decreases significantly comparing with that in two
IP’s operation. In the meanwhile, both beam-beam param-
eter and maximum colliding beam current have increased,
which results a higher luminosity. The further experiment
with the 3{=5 cm lattice is under way.

Several hardware improvements including control sys-
tem and magnet power supplies have been responsible for
the luminosity upgrade. The next step in BEPC upgrades
will include multi-bunch operation and micfd-scheme.
Those will provide a further increase of luminosity and es-
tablish a solid technical basis for the Beijing Tau-Charm
Factory design.

Figure 5: Tune scan for the luminosity.
. _ L . 3 BEIJING TAU-CHARM FACTORY
In the machine study for optimum luminosity, an insta- DESIGN
bility has been observed that the luminosity drops as the RF
voltage is raised, while th@j, keeps unchanged. The stud-The design of BTCF[10] focuses mainly on the high lumi-
ies show that luminosity dropping is caused by an enlarg@osity mode and provides the possibility to realize polariza-
ment of the vertical beam size due to beam-beam interagon and monochromator operation with the priority order:
tion. It seems that a synochro-betatron resonance excitgigh luminosity mode (152.5 GeV), longitudinal polar-
by a residual vertical dispersion at the interaction pointgation mode{-2.0 GeV), and monochromator mode(1.55
happens when beams collide with higher RF voltage. Son®eV). According to the requirements of the physics, the
detailed studies and simulations are still under way. design goals aim at:

2.7 Single Interaction Point (SIP) e Maximum peak luminosity of I¥cm2s~! at the en-
ergy of 2.0 GeV.

A scheme to increase luminosity by running machine with ¢ Rings capable of operating over the range

only one collision per revolution has been testing[9]. Two 1 5<E<2.5 GeV and providing the potential up

beams are separated vertically at the north IP with separa- g 3.0 GeV.

tors since there is no detector there. e Basic design compatible with polarization mode and
At beginning, we tried the SIP scheme on the base of monochromator mode.

high luminosity mode. But as the phase advance between

two separators was not exact I8€he orbit difference of  The strategy, adopted to achieve high luminosity, is com-

two beams perturbed the collision in the south IP. Two trinmon to the many other factory designs: mi@gdaigh cur-

separator supplies were used to eliminate such an effecént, multibunch, and separated rings.
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The design approach is to maintain single-bunch paramfable 3:

eters within currently achieved values but use a larger num-
ber of bunches and choose a small crossing angle collision
optics as a main scheme.

Main parameters of high lumi. scheme for BTCF

Crossing angle

2(:=2.6x2 mrad

Bunch spacing

3.78 m

Bunch number

86

Natural emittancg €,=140 nmrad
Beam current 570 mA
Bx/By 0.65m/0.01 m

3.1 Lattice Design and Layout

The lattice is designed with the emphasis on the high de-
gree of flexibility of adjusting linear optics and the com-
patibility of different modes[10]. The schematic layout of
the BTCF storage ring is shown in Fig. 6.

Each arc consists of 2 dispersion suppressors and 10
standard FODO cells with more independent power sup-
plies of quadrupoles for the lattice flexibility. The utility
region consists of an injection insertion, 4 FODO standard
cells and a transition section. There are enough straight
sections for correctors, RF, injection kickers, wiggler sys-
tems and polarization elements.

The main scheme is chosen to use the collision with a
small horizontal crossing angle created by a pair of hori-
zontal dipoles BHs which located at the places where the
horizontal phase advance from the IP is 180 he main
parameters for this scheme are listed in Table 3.

The polarized beam energy is required around 2.0 GeV,
and the scheme with polarized electron only can meet the
requirements of physics at beginning. The electron will be
polarized transversely before filling the ring using the po-

The two rings are vertically separated about 1.6 m. Eaqfyized electron gun. The current spin rotation schemes are
ring is 53.4 m wide and 165.4m long with a circumferenc@onsidered to use solenoids and horizontal bends, located
of 385.4 m, and can be divided into four parts: interactioBetween the IR and the arc part[11].
region, arc region, utility region, polarization region. For the monochromator scheme the polarity of

Two iron-free superconducting quadrupoles (Q1, Q2) aiguadrupoles Q1, Q2, Q6, QV2 will be changed and the
used as a strong doublet to reach the requiremenfs ofmagnets Q4, Q8 and BH will be switched off. The
functions at the IP. The quadrupoles Q1, Q2 lie completebain parameters are chosen #=1.0 cm, By=15 cm,
within the detector. The two beams are separated withelegx — 1+0.45 cm and the luminosity would expect
trostatic separators and vertical bending magnets. Sev8( 132 cn25-1. The Robinson wigglers will be used to

guadrupoles (Q3Q9) are arranged to match the beta a”%djust the emittance and the energy spread.
dispersion functions to the arc. Fig. 7 shows the beams

separation in the IR region.

Figure 6: Schematic diagram of the BTCF storage ring

3.2 Instability Control and Beam-Beam Effects

cs BVE

e HWBWM%%“ T The bunch lengthening effect must be controlled in order to
Sk S o L" geto, < Bj. The criterion to avoid the microwave instabil-
e = ity gives an impedance threshold requiremeBfN|et <

Side View 0.51Q (6.7 mA/bunch), and the present estimation for the
impedance of ring components indicat&s/N|o ~ 0.24Q.
Thus,we may expect a short bunch could be obtained.

The coupled-bunch instabilities in theF are a poten-
tially serious problem due to large currents and short bunch
spacing. It could be limited by reducing the number of cav-
ities and their impedance, using HOM dampers to reduce
external Q value lower than 100, and using the fast feed-

Figure 7: Beam separation and crossing angle schemepack system to suppress the instability[12].

The mechanism of the transient ion trapping and beam-

To compensate the effects of detector solenoid on thghotoelectron interaction are being investigated with sim-
beams, an anti-solenoid with -3.0 T, 0.3 m long is located alation programs, and related machine studies are in
0.6m away from the IP to cancel the detector solenoid fielprogress in the BEPC and other laboratories. It would
between the IP and Q1. A shielding solenoid coil will bebe expected that these instabilities in the BTCF should be
placed by surrounding the insertion quardrupole magnetstouch weaker than that in a B-factory. The studies of beam-
eliminate the detector solenoid field in the Q1, Q2 regionbeam effects with linear lattice has been carried out us-

Fopr View

- Bacrich
FParasitic Crossing Foind
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ing simulation code, which gives a valuable guide for thadopted. Although a factor of 1.5 has been got in both

choices of parameters[13]. peak and average luminosity, much time for machine study
is needed. Some luminosity related phenomena such as in-

3.3 Superconducting Magnets and Supportingabilities and beam-beam interaction, observed in perfor-

Syster4] mance, are still being studied. And some other further up-

The insertion quadrupoles and compensation magnets aqrreades like pretzel scheme for multi-bunch are also being

iron-free superconducting magnets. The maximum fielglarrled on. .
. A reference design of the BTCF has been done. The
gradients of Q1 and Q2 are 36 T/m and 20 T/m respec- S
; . Study shows that the luminosity at the energy of 2.0 GeV
tively with a length of 0.5 m. A common cryostat envelope . . . ;
X . . . .~ is feasible on a rather conventional basis of multi-bunch
contains Q1, Q2, anti-solenoids and shielding solenoids. : L .
. - and small crossing angle collision scheme together with a
The cryostat provides a rigid structure to hold the coil . . ;
. . : .~ micro{3 insertion.
windings to prevent them from moving during cooling

down and exciting. It could be supported with a movable

support table which can be moved along the beam line. 5 ACKNOWLEDGEMENTS
We would like to thank all those who have contributed
3.4 RF System to the work reported here. A particular thank goes to

Choosing single-cell and deeply damped superconductifigPse colleagues from the international community who
cavity (SC) with a frequency of 476 MHz has been considhave given useful advice during the feasibility study of the
ered based on: large gradient0 MV/m, with large beam BTCF.
pipe, and small impedance.
The RF voltage is designed at 9 MV in maximum and 6 REFERENCES

operated at 6.8 MV with 3 SC cavities per ring. Each cavity[l] S.X. Fang and S.Y. Chen, Proc. of 14th International Con-
delivers 50 KW to the beam. ference on High Energy Accelerator, 1989.

2] IHEP, Beijing, Feasibility Study Report on Beijing Tau-
3.5 Vacuum SyStem 2 Charm FaJct(?ry, Oct. 19936/3. g P "
The BTCF storage ring requires that the operating presf3] S.H. Wang, “Bepc Status and Plan”, Proc. of PAC'95, 1995.
sure should be< 1 x 10-°Torr in the arc region and 5 x [4] G.X. Li, Ph.D dissertation, 1993.
10~ 1%Torr in the IR. Total pumping speed of3x 10~%L/s .
with 110 sets of sputter ion pumps and NEG pumps aré ]
needed per ring to deal with the high thermal load and min-
imize the photo desorbed gas load. [

RF group, “Improvements on BEPC RF System”, BEPC in-
ternal report.

6] Z.Y. Guo, Q. Qin, C. Zhang, “Study of Bunch Lengthen-

The vacuum chamber will be made of extruded alu- "9 a BEPC", High Energy Physics and Nuclear Physics,
. . . . . \ol.20, No.11, Nov., 1996.
minum in the arc and stainless steel in the straight
section with the inner dimensions: arc regionx(): [7] Z.Y. Guo, et. al., “The Bunch Length Measurement with
90 mmx60mm , utility section: 90 mm, circular, and Q1, Streak Camera”, Proc. of BEPC’96 perfomance workshop,
Q2: 130 mm, 150 mm respectively, circular. 1996.
The vacuum pipes at bending magnet region consist o8] Y.Z. Wu, et. al., “The Status of BEPC Storage Ring in
two parts: the beam chamber and antechamber in which the 1996, ibid.
copper absorbers are installed to intercept the synchrotroi®] N. Huang, et. al., “Experiments on Single Interaction Point

radiation flux. Scheme in 1998", IHEP/BEPC/AP/98-07.
[10] N. Huang, et. al., “The Design Study of the BTCF Lattice”,
3.6 Injector Proc. of the 14th Advanced ICFA Beam Dynamics Work-

. . . shop on ée~ Factories, Oct. 1997.
The present BEPC linac is working at the energy of

1.55 GeV with a positron filling rate to the BEPC storage'H D- Wang, Y.Z. Wu, “Longitudinal Polarization Scheme on
. . BTCF”, ibid.

ring about 3 mA/min. It would be upgraded to serve as a N

full energy injector of the BTCF with an ability of finishing [12] Z.Y. Guo, et. al,, “Impedance and Instabilities for BTCF”,

the injection in 5 minutes. ibid.
[13] C. Zhang, et. al., “A Study on Beam-Beam Interaction for
4 SUMMARY BTCF, ibid.

) ) [14] Q. Peng, et. al., “Interaction Region Design of BTCF”, ibid.
The upgrades of BEPC stride on the road to higher lumi-

nosity and efficiency. After finishing the hardware changes,
we have obtained some preliminary results from lofer-
scheme and single interaction point in the machine stud-
ies, and in normal performance low@rhattice is being

52



