
Decay Rates and Average Luminosity in a B-Factory 

H. Braun, W. Joho, PSI (Paul Schemer Institut), 5232 Villigen, Switzerland 
K. Hiibner, CERN, 1211 Genbe 23, Switzerland 

Abstract have written a computer code named LUMIFILL solving the 

The different effects contributing to the decay of the electron general case of the beam decays and calculating the average 

and positron beam are discussed and the coupled differential luminosity. We assumed that the beam cross-section at the 

equations describing this decay in an asymmetric B-factory interaction point would be constant during a physics run. 

are given. The effect of the vacuum pressure rise by gas de- For the calculations two cases of operation for the main 

sorption owing to synchrotron radiation is taken into account. rings were taken into account (see table 1). The first case 

These equations can be solved numerically and the average is the performance of the machine which should be reached 

luminosity can be calculated as function of the running time fairly early, while the second case corresponds to a machine 

T for data taking with the filling time F as parameter. The upgraded for ultimate luminosity. In both cases two interaction 

proper choice of T for a given F can optimize the average lu- points and a circumference of 963 m were assumed. More 

minosity. Examples relevant for a B-factory in the TSR tunnel numerical examples have been worked oul for a variety of 

at CERN (BFI) are given, taking into account the constraints injector and main ring scenarios and compiled in a report 131. 

of the LEP injector chain, which is proposed to be used also 
for this collider. 

Introduction 
CERN and PSI have investigated the possibility of building a 
B-Factory in the ISR tunnel (BF’I) [1,2]. This collider facility 
with two separate rings could operate in an asymmetric mode 
(3.5 GeV ef vs. 8 GeV e-). The beam currents decay after 
a till due to particle losses. The luminosity is proportional to 
the product of the intensities in the two beams and has thus 
an even stronger decay rate. For the experimentahst the key 
number is the average luminosity (L), which depends on the 
useful running time T between two titlings and the tilling time 
F, which cannot be used for physics. A schematic curve for the 
time depe.ndent luminosity is shown in fig. 1. The preferred 
filling method is topping up: After each running period T the 
circulating beams are supplemented by injecting new particles 
to bring tie luminosity back to its peak value. 

For given fill parameters one can optimize the ratio n of 
avcmge to peak luminosity by an appropriate choice Topt of 
the running time T. The optimization of the average lumi- 
nosity has been treated in several reports [4,5,6,7,8]. In our 
approach we take into account that the currents and the beam 
energies can be very different in the two rings. Therefore we 
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Case 1 1) 13 = 1oascrn-2s-t 1 2) fz = 1034Cm-*s-’ 
1 et e- et e- 

E [GcV] 3.5 8.0 3.5 8.0 
I [A] 1.28 0.56 2.62 1.15 

Table 1: Main ring parameters at t = 0. 

Beam Decay 
The following effects which can lead to beam decay have 
been considered: Beam-Beam Bremsstrahlung (BBB), which 
is sometimes also called radiative Bhabha scattering, Beam- 
Gas Bremsstrahlung (BGB), Quantum life time and Touschek 
effect [9]. The cross section crbb for particle losses due to BBB 
e+ + e- -+ e+’ + e-’ + y was computed with the formula 
given in [lo]. It has the highest cross section of all beam-beam 
effects. For a B-factory running on the T(4S) resonance and 
having a momentum acceptance of f0.5% it is 0.3.10-24cm2. 
The dependence of the cross section on the bucket height is 
very weak. The initial beam lifetime due to BBB is given by 

?Ji 
7, = - 

%ubbC 
(1) 

N, is the total number of particles in ring i and 71, is the 
number of interaction points and C is the initial luminosity. 
For the parameters above the numerical values arc 

Ti = 20h 
I, [A] c [km] 

n, c [1():3”cm-‘s-l] (2) 

1, is the beam current in ring i and C the circumference. 
This formula shows thal: 
1) The lower current beam decays faster. 

1, 

2) It is advantageous to have a large circumference. 

t 
3) Increasing the luminosity by reducing p‘ alone reduces 

the lifetime (/I* = P-function at interaction point). 
The effect of the residual gas due to beam-gas interaction can _. . _ - ^ _. 

Figure 1: Luminosity decay in a collider (F=flllmg+preparatlon be described by three parameters, the static pressure PO with- 
time, T=colliding time) out beam, the dynamic pressure g . I due to gas desorption 
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induced by synchrotron radiation and the k,,, value, which 
is the product of total pressure and lifetime. The energy de- 
pcndcnce of s and kE,,, is ncglectcd, since it is rather weak 
in the region WC considered. We assumed PO = 1 n’Torr, 
fl = In’Torr 1 A-’ and k,,, = 17nTorr. h based on the 
ed:perience from LEP [ 111, taking into account the effects of 
BGB and inelastic scattering. Since BBB and BGB dominate, 
we restricted our calculations to these effects. 

Equations for the beam decay 
The beam decay in the two separate rings is given by the two 
differential equations for i = 1,2: 

dNi dNi dNi -=- 
dt dt 8138 + dl 

BGB 

with hri the number of particles in ring i. The decay due to 
BBB can immediately be derived from the definition of the 
luminosity 

dN1 dNz 
dt =- dt 

= -72, ebb c(o) Nl(4 Ndt) (4) 

EBB BBB Nl(O) Nz(O) 

where n, is the number of interaction points, while the decay 
due to BGB is given by 

dNi -1 
dt =- k 

BGB UaC 

with e =elementary electric charge and rrev =revolution time. 
Substituting for JVi the normalizd currents 

y, _ Ni(t) A(t) 
I 

Nice,=- Ii(O) 

in (3) gives together with (4) and (5) the two coupled differ- 
cntial equations 

-?I = AlzYl Yz + AG~Y~ + BGY~ 

-pz = AzlYl Y2 + AGzY; + &Y2 (6) 

with 

A = 1 dP 
Cl - y--j+(O) k 

A 
21 

_ n,cbbC(o) 
Nz(Q) 

A = 1 dP 
G2 - u(Ic z 12(O) k 

BG E -!f!?.n 
k vat 

The relative luminosity I(t) is detined as c(t)/c(O) giving 

l(t) = x(t) Y2(4 (7) 

Hence the ratio ‘7 of average luminosity to peak luminosity in 
temx of relative populations is given by 

E; Yz dt (8) 

An analytic solution of (6) and thereby a closed expression of 
(8) exists only in the two special cases where either ‘4~~ = 
AG2 = BG = 0 (no BGB=perfect vacuum) or Al2 = A21 = 
0 (no beam decay due to BBB). This solutions are given in 
[3,4,6]. In ail other cases (6) can only be solved by numerical 
means. This is done in a new Fortran program LUMlFlLL with 
a Runge-Kutta algorithm. Fig. 2 gives an example of Yl(t), 
Y2(t) and l(t). The ratio n is also evaluated by this code. The 
assumed injector performance together with T determines the 
filling time. The interval F (see fig. 1) is the sum of the latter 
and the time required to switch on the detector, which was set 
to 2 min in the examples given later. 

0.04 I 1 I # 
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Figure 2: Decay of normalized beam currents and luminosity 
of case 2 (JC = 1034~m-2~-1). 

Injector parameters 
The LEP injector chain [12] is planned to be used as the BFI 
injector. It consists of the LEP Injector Linac (LIL) providing 
either positrons or electrons for the Electron-Positron accumu- 
lation ring (EPA). The Proton Synchrotron (PS) and the Super 
Proton Synchrotron (SPS) form the rest of the injector com- 
plex. 

The BFI high energy ring will be filled with electrons of 
8 Gel/ using the chain LIL-EPA-PS-SPS-PS, while the low 
energy ring only needs LIL-EPA-PS to bring the positrons to 
3.5 GeV. There are various schemes for the operation of the 
injection chain, which differ in the number of bunches and the 
cycling pattern. The most favoured schemes are based on the 
use of 8 bunches in the PS and SPS. 

Also we assume a lepton acceleration interleaved with the 
proton acceleration, as it is done for LEP, so that the fixed 
target proton programme is not affected at all by the filling of 
BFI. Proper scheduling of the fills would avoid any conflict 
with LEP. The total cycle time is 14.4 s. If the current lepton 
cycling time of 1.2 s is taken, 4 lepton cycles fits between the 
proton cycles, but with some changes also 0.6 s is achievable, 
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EPA 0.8. 10’” e+ s-l.bunch-‘, 8 bunches 
11 . lOlo e- s-i-bunch-’ 

PS 5 . lOlo e+ bunch-‘, 8 bunches 
4.10” e- bunch-’ 

SPS 1.6. lOlo e-bunch-’ 8 bunches 
(~2 5 8 cm> 

Table 2: Present limits in the CERN injectors 

Table 3: Upper limits for average stacking rates i [mA/minl 
imposed by PS and SPS (a lepton-cycletime of 1.2 s and either 
4 positron or electron cycles per supercycle are assumed). 

leading to 8 lepton cycles per total cycle. More details of the 
LEP injector chain for BFI can be found in a special note [ 131. 
The present intensity limits are summarized in table 2. The fol- 
lowing transfer efficiencies based on LEP experience are used: 
EPA-PS 80%, PS-SPS 90% and 30% stacking efficiency in the 
BFI. The corresponding stacking rates of BFI are summarized 
in table 3. For the 8 GeV electrons the SPS is the bottleneck 
due to a longitudinal instability. For the positrons the stacking 
limit would come from the present positron production of LLL 
determining the EPA stacking rate. An improvement of the 
LIL performance is possible [14]. 

Results for the BFI collider 
Case 1 C = 1033cm-2s-1: 
With this luminosity long running times are possible. After 
2 h we still have 44% of the initial luminosity and the average 
luminosity is more than 60% (fig. 3). Operation of the injector 
complex could proceed in the following way: The lepton cy- 
cles are left at 1.2 s and the LEP preinjector (=LPI consisting 
of LIL and EPA) et-production is improved by a factor of 6.5 
in order to have topping up times of less than 15 min. 
Case 2, C = 1034ctn-2s-1: 
With this high luminosity only short runs provide a good aver- 
age luminosity. For example-after 1 h the luminosity decayed 
already to 27% of its peak value (fig. 2) and the average lu- 
minosity dropped to about 40% (fig. 3). To keep the filling 
times comparable with those in case 1 we assumed that the 
e--cycles have to be shortened from 1.2 to 0.6 s and that LPI 
positron production is improved by a factor of 13. 

The effect of various vacuum conditions (better or worse 
than assumed as nominal on the preceeding page) and of other 
filling schemes can be found in the more detailed account [3]. 
Fig. 3 shows q(T) also for a perfect vacuum when only BBB 
determines the beam decay. 

0.2- 

0.0+ 0 1 1 ’ ’ 1 
0 20 40 60 80 100 120 

T [mini 
Figure 3: Average luminosity as a function of running time 
for both cases (dashed curves: perfect vacuum, only BBB). 

Conclusions 
The CERN injector complex with LIL-EPA-PS-SPS gives 
acceptable filling rates for the BFI collider rings, provided 
that LPI is upgraded by an amount which depends on the 
case considered. The calculations with the computer code 
LUMIFILL have shown, that for the initial design goal of 
L = 1033~m-2s-1 run times of about 2 h or less give a rel- 
ative average luminosity 7 of more than 60%. For a 10 times 
higher luminosity the BBB-effect reduces the useful running 
times to less than about 1 h in order to keep v above 40%. 

We thank 1-. Baconnier, J.P. Delahaye and D. Mtihl for a 
number of useful discussions. 
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