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UCTION 

Decisive progress in particle physics will 
require the exploration of two comple- 
mentary fronters: high-energy and high- 
precision. 

China is a developing country with lim- 
ited economic power and at present there 
is no possibility to build a very large col- 

-4ider. 
. 

We have made a good starting point iu 
the area of -r-charm physics research since 
the BEPC put in operation. In order to 
develop. the physics research in this area, 
China has been thinking to build a r- 

.charm Factory in the BEPC site. 

Considerable economies can be achieved . 
by siting the T-charm Factory (xF) at 
BEPC. The injector system (linac) of BEPC 
can be used for the injector of the TCF 
and there are substantial opportunities to 
use hardware and existing buildings and 
other infrastructure for BEPC. 
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The collider rings would be located at 
the east site of the BEPC linac, where 
there are no any buildings except the con- . 
ference hall. The site is about 19Om long 
and 80m wide, which is very suitable to 
the shape of the TCF. 

If the proposal to build the rcF in the 
BEPC site is approved, the BEPC stor- 
age ring will be changed as a dedicated 

..kychrotron radiation facility. 

- ’ - Fig..1 shows the general layout of the 
rcF on the BEPC site. Fig.2 shows the 
schematic design of the storage ring. 

The Design Goals 

(1) maximum peak luminosity of 10 33crn~2s~1 
at the energy of 2.OGeV; 

e 

(2) rings capable of operating over the 
range l.XEC3.OGeV; - m 

(3) first-stage operation of the collider 
at 10 33cn2-2s-1 with a conservative design; . 
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Subsequent operation of the collider with 
several upgrade options: 

l monochromator optics to reduce the center- 
of-mass energy spread from 1 MeV to 
0.1 MeV at the J/$ resonance. 

, 0 longitudinal beam polarization. 

(4) reliable operation. 

- General Description 
. 

--~ - - Luminosity, assuming optimum coupling 

L+&l + q 
e !J a; 

For flat beam, the luminosity 

The strategy, adopted to achieve high 
luminosity is common to many other Fac- 
tory designs: high current, multibunch 
-and separate rings. -=. 

. 
Comparison of the BEPC storage ring 

at E=2.0 GeV 
-- 
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BEPC rcF - 

Number of bunches Kb 1 '32 _ 
Bunch separation Sb(m) 240.4 11.48 

Particles/bunch N 2.16~10'~ 1.32~10'~ 
Bunch Current Ib(mA) 45 17.16 
Current/beam I(mA) 45 550 

p-function &(cm) 6. 1 
Bunch length aL(cm) 4.5 a.0 

B-B parameter t 0.04 0.04 
Luminosity L (cm-%-l) 1.5 x 1031 l.ox1o33 , 

Comparison RF with BEPC, the im- 
provements in luminosity are due to: 

(1) 1 ncreased beam current, with multi- ._ -_ - 
bunch the improvement in I is 550mA:45mA, 
i.e. a factor 12.2; 

(2) Using micro-p scheme to decrease 
the ,&function, the improvement in ,@G is 
lcm:6cm, i.e. a factor 6. 

These factors combine’to give an overall 
luminosity increase over BEPC of about 

_ 74. So it’s possible to design a TCF with 
a luminosity of 1033cm-2s-1 using known 
collider design principle. 

The design luminosity would be expected 
energy dependnce as E2 below 2.0 GeV. 
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. The average luminosity would be main- 
tained at 70~ 75% of the peak luminosity. 

The Lattice Design and the Storage Ring 

The collider consists of two rings, one 
above the other, with one interaction point 
(IP). Each ring is .61.4m wide and 143.4m 
long with a circumference of 367.5m. 

There are 32 bunches with about 1.32~10’~ 
particles per bunch, the total current per 

__- beam is 550 mA and the bunch separation 
is 11.5m. ._. -_ - 

Fig.3 shows the lattice of half of one 
ring. 

One long utility straight section contains 
the wigglers and RF cavities. The op- 
posite straight section is about 48m long 
and contains the interaction point, micro- 
p insertion and electrostatic vertical sep- 
arators, the vertical separation and RF 
cavity section. 

(1) Interaction region 

As shown in the Fig.4, the interaction 
- 
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region contains m icro-p insertion, e+ e- 
orbits separation section and t,he ,&function 
matching section. ’ A superconducting m icro- 
,8 quadrupole doublet is used to achieve 
low /?-function at IP. 

After the head-on collis ion at IP, the or- 
b its of e+ and e- are gradually separated 
by an e lectrostatic separator ES, two ver- 
tical septuk magnets BVl and BVZ, and 
a vertical bending magnets BV3. The two 
rings- are vertically separated 1.46m. The 
two beams are separated by 2.5 0, for 

----standard mode and lla , for monochro- 
mator scheme in the parasitic interaction 
point which is 5.74m (Sb/2) away from the 
IP. 

Six quadrupoles are used to fin ish focus- 
ing and vertical d ispersion matching be- 
tween BV2 and BV3. The quad. QT will 

- be switched off and Qg will be changed 
polarity in the monochromator scheme. 

(2) A rc region 

The arc region consists of seven non- 
standard FODO cells in which more inde- 

-- 
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pendent power supplies of quad.s would 
be used to adjust beam parameters. The 
experience of BEPC’shows that the non- 
standard cells make the lattice very flexi- 
ble. Each bending magnet gives the bend- 
ing angle of 7.5O. One bending magnet is 
missed in the sixth cell and replaced by a 
Robinson wiggler. 

The emittance control strategies include: 
changing the phase advance per ce!l, ad; 
justing the maximum dispersion D, and 
using Robinson wigglers and damping wig- 
glers. The emittance can be varied from ._, -_ - 
maximum 550nm (2.0 GeV) to 1Onm (1.55 
GeV). 

Fig.5 and Fig.6 show the lattice of the 
storage ring. - 

Instability Control 

(1)Multibunch instability 
_ 

The coupled-bunch instabilities in the . 
XF are ti potentially serious problem due 
to large currents of about 550mA, dis- 
tributed into 32 bunches spaced by 11.5m. 

-- 
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The important mean to control this in- 
stability is to reduce the impedance of the 
RF system. 

A superconducting cavity would be bet- 
ter than warm cavity to control the multi- 
bunch instability. Such a cavity can pro- 
vide a large accelerating voltage gradient 
which leads to reduce the number of cav- 
ities, and therefore results in a lower ma- 
chine impedance. Furthermore a super- 

,.. - conducting cavity has a large aperture, 
which reduces the parasitic impedance due 

--Y ‘to higher order modes(HOM). 

Even if the HOM’s in the accelerating 
cavities are heavily damped there are some 
unstable modes which have a rise-time 
faster than the natural damping time. There- 
fore, a powerful active feedback system is 
necessary. 

(2)Bunch lengthening 

In order to match a very low py* value, 
the~length (TV should be: 



The most important topic is to minimike 
the longitudinal impedance IZ/NI so-&hat 
short bunch length could be maintaindd. 

The Keil-Schnell-Boussard criterion! for 
the absent of turbulent bunch-lengthening 
gives a relation between 12/N) and I -3 

~--Applying this at top energy, we find ; 

--. -_ - [Z/N1 < 0.32 St - 

To achieve this value will require’ that all 
vacuum system components, including-RF 
cavities, kickers; separators and vacutim 
bellows must be designed to minimize -the 
cross-sectional variations. The transition 
between different size chambers will have 
to be very smooth and gradual. The bel- 
lows and pump-out ports will be shielded. 

The careful design of a smooth vacuum 
chamber and the use of RF cavities with a 
smoothed shape make it possible to have 
a low impedance of 0.32 0. i _ 

-- 
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Injection Scheme 

The BEPC injector system would be im- 
proved in order to be adequate for the 
required luminosity of the xF. 

. 

The linac of BEPC would be upgraded 
as a full energy injector of the xF in or- 
der to finish the positron injection in 5 
minutes and to get higher average lumi- 
nosity. 

The repetition rate of the linac would 
be increased to 50 Hz. ._. -_ - 

The electron energy on the e+ target 
would be upgraded from now 150 MeV 
to 300 Mev with the 65 MW klystrons. 

A high current electron gun would be 
developed to increase the electron strength 
on the e+ source. 

The injection scheme consists of produc- 
ing a train of 3 or 4 micropulses to be in- 
jected simultaneously in the storage ring 
bucket equally spaced on one train. 
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The expected injection parameters are 
following. 

No. of e+ per beam to be stored I 4.2~10~~ I 
Injection-repetition rate (pps) 50 j I 

Electron energy on the e+ target 3OOMeVl 
No. of e- per pulse on the target 4x1010 1 

The positron yield (e+/e-,GeV) 0.025 j 
No. of micropulses 4 ! 

The filling efficiency 20% i 
The full fill time (minute) 4.9 j 

Engineering Design and R & D Program 

Although.the design of the XF is based 
on known accelerator technology and on 
existing collider design principles, some 
challenging work remains to be done in 
details. the engineering design and R & 
D phase are required. 

(1) Some of machine physics issues of 
XF will be studied in the BEPC storage 
ring. 

. 

. 

(2) Detailed design of ‘superconducting 
magnets and specific wiggers. 
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(3) Careful design of superconducting 

RF cavity and vacuum chamber are net- 
essary to avoid high order oscillation modes. 

(4) Development of low-impedance vac- 
.uum chamber, separator and kicker. 

Detailed estimates and measurements of 
the imped&e due to the various compo- 
nents of the machine. 

(5) Design a fast and powerful feedback 
system for controlling multibunch insta- 

. bilities. _ 

--. -_ - The R & D program and construction of 
the XF would be done on the collabora- 
tion with other laboratories. 

The Schedule and Preliminary Cost Estimate 

_ 

The timescale is to complete the R & 
D in 2 or 3 years and the estimated con- 
struction period is -4 years after the ap- 
proval. 

The use of the BEPC injector system 
and existing infrastructure and facilities 
tit BEPC would be much cheaper than at 
“green field”. 

-- 
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Preliminary cost estimte for Beijing TcF 

(M RMB) 

(1) Civil construction: 170 
(2) Storage ring 365 

Superconducting quad.s $8 . 

Convential magnets 70 

RF system 120 
. 

Vacuum system 75 
._ -_ - 

Mechanical system 15 

Beam diagnostic and 

control system 
(3) Injector upgrading 

(4) Detector 

(5) Unpredictable cost 100 

Total cost 968 

65 
35 

300 
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ION S 

A T-charm Factory with a C.M. energy 
of 4 GeV and a luminosity per intera& 
tion region of I033cm-2s-1 is feasible c& a 

:  l 

rather conventional basis of multibtinch 
head-on collision scheme together with a 
micro-p insertion. 

To reach such a goal with limited risk, 
it is essential tp incorporate the advanced 
experience of different improved techno- 
logical achievements made oti most suc- 
cessful machines. 

Some challenging work on the design of 
the T-charm Factory need to be studied 
in details. 
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Parameters of Beijing TCF 

1 
Quent ity Sign . -and4 Standard Yoaochtom etot ~ 
Beem  engery E  

c’ 
! Gev a.0 I. 6 

Circaference ;Q 367.6 ?67. S- 
Bending’rediue 0 io 9.93 9.93 
B--function et lP 4m im 0.2/o. 01 : 0.01~0.1s 

Dispersion et IgP 
I 
D; im 0.0 0. 35 

M omentum  com paction l a p I , 0.022 
I 

a). 008 
1 

Natural emittence ic i am 251 10 (J,=2) 
’ 

i 
Vertical amittencc 4. i am 12 2 
Energy spread =, I I 5.4 x lo-’ ; sxlO-4 
E .nergr lost p-tr turn/ UC i keV j 145. Gtriggler 

I 
’ 45~siggler 

T renEircr6e dezping i x/ 5 i m r f 17134 ( wiggler1 2C./52 (wiggler) 
RF frequency ’ fRr 1 la: 499.68 499.58 -. __‘ . 
RF Voltege V  RF 1 Ia’ 9. 00 2. 70 
Kumbers of butches ,k,, 1 1 32 52 

Bunch spec itg 
[s, hl j 1 11. 6 

o 11.5 
Total currett/Beem  /I .d 5co 215 
Perticles/Bunch i N i 1. 32X 1O1l 5. 14x 1O’O I 
RMS bunch length ; 0, f cm 1. 00 1 0. 78 
Longitudinal 
broadband impedance i I Z /n I i Q 0. 32 
Beam -Beam  petem eter t/ &  * 1 0. 0410. 04 1 0.031/o. 915 
B_eem  life tim e ‘1 I ht 4. 8 ; 1.5 
T rrnt+retr Betetton 
tune 4 Q=/Q, 

’ Q. ; 
Sl. 192110.192 13.12[8.47 

Symckrotror ttne 

J 
i 0.098. 0.068 

Hatural Ckram rticit 1 Q’=/Q’, : -26.61-32.0 :35.91-44. 5 
Lum inosity L Cm-*6-l; 1x10= .2.2x105* 
CM energy spreed %  M et’ ; 1.53 0. lC5 

I 1 
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Fig.2 Schematic layout of the storage ring of 
Beijing TCF 
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Fig.3 Schematic layout of the storage ring of 
Beijing TCF 
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33.86 m 

Fig.4 Interaction region 
(micro-p, e+e- separation, P-function matching) 
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