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Abstract 

Two simple analitical formulae to evaluate a lifetime of a 
stored electron (positron) beam at storage ring have been derived. 
Comparison between the lifetimes measured under typical opera- 
tion conditions and calculated values has been carried out. 

I. INTRODUCTION 

Traditionally, to calculate a beam lifetime along with a 

bunch volume, revolution frequency, harmonic number, electron 
energy, bending radiusand current, the external parameters such 
as a vacuum chamber aperture, residual gas pressure and RF 

voltage have been used. [I], [‘2], [3]. However, discrepancies more 

than an order of magnitude may be observed between a 
calculated and experimental data [2], [4]. In our case we tried to 

obtain a lifetime estimations based only on beam parameters. 

Previously, such kind situation has experimentally acknowledged 
at TANTALUS (51 ring. 

II. THE FORMULAE DERIVATION 

Consider train of electron bunches moving throughout a 
magnetic field media supplied by bending magnets. It has been 
known that in plasma physics the relation of a plasma to magnetic 

pressure is commonly used to describe plasma behavior. By analogy 

of plasma pressure we introduce a single bunch electrons pressure 

P* as: 

Where: N - number of beam electrons, E - electron energy, 

V - bunch volume, K, - number of used bunches. 
Magnetic pressure P_ can be written as: 

p,=2, 

2k 
Where: B - magnetic induction of bending magnets, 

p,- permeability of free space. 

Then relation of electrons to magnetic pressure p can be 
written as: 

2*N.E.p 
P = vqpg 

Furthermore, let an electron be considered as a sphere of 

radius r, such as: 

h 
r=*, 

Where: hc - Compton wavelength, h~=2,42.10”* m,y - relativistic 
factor, y=E/EO, E, - rest energy. 

Also, let a scattering crossection of an electron be dependant 
on only this radius. 

Finally, let for a larger than the unit electron bunch 
behavior be similar to that of ideal gas cloud. When p is lower than 
the unit a separate spherical electron moving throughout a 

rmediumrwhose density is product of a single bunch density and 

number of used bunches must be considered. The latter condition, 
in turns, requires a some kind of density memory in a relativistic 

orbit region. p>l. Lifetime is calculated by means of a commonly 

used formula [6]: 

1 
z=- 

ne0.c ’ 
Wh ere: T - beam l/e lifetime, n - density of particles, 
(T - scattering crossection of a single spherical electron, c - speed 
of light 

cl = 2-r, 
n=: N 

V.K, ’ 

v = (4& ‘ox’oz’oL 

Where: O;, or, (TL - bunch sizes measured in bending magnets, 
P 

CT, = c-z,, 

Where: SX,Z,L - bunch FWHM sizes, ~~ - bunch duration. 

The followings relations also taken into account: 

y=1957aE(GeV), 
R(m).B(T)=3.34.E(GeV), 
I(A)=1.6~10“g~N~00(Hz), 

Where: R - bending radius, I - stored beam current, O- - bunch 

revolution frequency. 

On transforming the formula and p for practical use, we 

have: 

P= 5*R*(m)*I(ntA) 

(T,(mm).(Jz(mm).OL(mm).Kb.Oo(MHz).E(GeV) 

p<l. Write a total drag force F, which is applied to spherical 

electron moving in a medium of tie density p as [7]; 

F=C,AZp.c2 
Where: A - characteristic area, C, - coefficient of drag. 

According to the above suppositions: 

N-E 
fJ = v.c2 

A = K.($)~ 

Approximately constant over‘transcritical region of its 

dependence on a Reynolds number Re, coefficient of drag C, [8], 

[9] equal to 0,15 has been choosen. 
Energy Et, which the electron lost during one turn in a 

storage ring magnetic field is: 

Et=2x.R.F 

Full energy loss El during lifetime T is: 

EI=Et.w0.5 
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Due to this process a bending radius R become smaller. It is 
suooosed that the electron should be finally lost when it has come --rr -- 
full measured bunch width 3~~ in the radial direction. 

Energy change AE due to bending radius reduction is: 

.r(hours) = 
10,46~~ *(mm).az(mm).a (mm).E’(GeV) 

I(~A)~R~(I~I) 

AE + 

We obtain T equating Ex to AE: 

T= 
1,5o,,E 

mR*.C;A .pc2w0 ’ 

III. COMPARISON WITH EXPERIMENTAL 
DATA 

In the table storage rings parameters, maximum achieved 
beam lifetime - T. calculated lifetime - ‘5, , discrepancies 
between these lifetimes - A% are listed 
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Dependence of Q=, (rx, (T,, on current 1 has been taken into 
account using the beam sizes observed in presence of the current 
subjected to estimation, provided that such dependence was found. 
For SORTEC and TERAS rings the formulae give correct results 
if the gaseous model is applied. We belive that p can be properly 
changed in these special cases. It should be also mentioned that for 
TERAS calculated lifetime equal to only the expected one, which 
five times longer the achieved values if a residual gas wall 
desorption is suppressed. In many cases the results are in 
accordance with previously estimated one on the base of the 
Touschek scattering. 

The discrepancies between the experimental and calculared 
data have been found for Super.L\CO, SPEAR, PEP (15 CeV), 
VEPP-4. SPS-1, DORIS, C.E.A. storage rings.These machines were 
not included in the table. About fifteen new rings were not 
mentioned because of shortage in the presently available data set. 

The uncertainty of measurements of each beam size was 
evaluated in 5% r.m.s. The mean table uncertainty is 20%. 
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