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Abstract

In report the process of elastic scattering of the stored
beam on nuclei of residual gas with take into account of
size and shape of the vacuum chamber of a storage ring is
considered. The expressions permitting to calculate a
cross section of elastic scattering of electrons on nuclei of
residual gas and partial lifetime of a beam, stipulated by
this process for the various shape of a cross of the
vacuum chamber (ellipse, cylinder, rectangle) are
obtained.

1  INTRODUCTION
The total lifetime of an electron beam in storage ring τΣ is
determined as the sum of inverse partial lifetimes
stipulated by various processes. As main processes,
defining lifetime of a beam in a storage ring it is possible
to consider the following: elastic scattering of electrons
on nucleuses of residual gas, bremsstrahlung on nucleuses
of residual gas, inelastic scattering of electrons on
nucleuses of residual gas, quantum fluctuations of a
radiation, collective effects. Experimentally and
theoretically is shown [1,2] that for small beam currents
the lifetime is determined by elastic scattering of
electrons on nuclei of residual gas. There is a number of
diagnostic techniques [3], based on a measurement of
lifetime of a beam for "zero currents" and definition
through it of other parameters of a beam in particular of
dynamic aperture. In the present work the technique of
deriving of dependence of lifetime of a beam stipulated
by process of the elastic scattering for various shapes of
the vacuum chamber from characteristic geometric sizes
of the chamber is indicated and the expressions obtained
for the elliptic, round and rectangular chamber are
indicated.

2  LIFETIME OF ELECTRONS
STIPULATED BY SCATTERING ON

RESIDUAL GAS.
The loss rate of electron beam in storage ring is given by:
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where n0 – the number of electrons, tn dd  - velocity of

the lost.
In case, when the main channel of losses of electrons is
the scattering on residual gas, electron beam, after

passing through a volume with residual gas with number
of atoms N and thickness dx loses dn of particles:

xNnn dd 0σ−= , (2)

where σ - the cross section of scattering of electrons
causing to it to loss.
Then the time of loss of electrons by a relativistic beam
will make:

Nc
t

n

n
σ

τ
=−=

d
d11

0

, (3)

where c – velocity of a light.
Defining the lifetime as the time it takes for the initial
particle intensity to be reduced by 1/e and considering
residual gas distributed is uniform in the chamber of a
storage and number of atoms N0 in unit of volume to
constants, the lifetime is determined by the equation [4]:
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Thus for definition of lifetime of a beam stipulated by
elastic scattering of electrons on atoms of residual gas, it
is necessary to determine a cross section of scattering of
an electron causing to it to loss. Obviously, that the
magnitude of this cross section will depend on the shape
and sizes of the vacuum chamber.

3  CROSS SECTION OF ELASTIC
SCATTERING .

Differential cross section of elastic scattering on nuclei of
residual gas has the form [4]:
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where dΩ=sinθ dθ dϕ - the solid angle in which electron
is scattered,

ϕ , θ  - axial and polar angle of scattering,
Z – charge of nuclei of residual gas,
r0 - radius of an electron,
β c – velocity of an electron,
p – momentum of an electron,

It can rewrite as:
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For small angle of scattering θ <<1 and relativistic
electrons γ >>1 the equation (6) we can write in the form:
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Thus the cross section of elastic scattering in (4) is
possible to receive by an integration of expression (6) on
θ  from θmin – minimum angle, the scattering on which
results in loss of an electron up to π  and on ϕ from 0 up
to 2π. After an integration on θ we find:
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For the various shape of the vacuum chamber expression
for θmin will differ, besides for case is axial of the
asymmetrical chamber θmin will be function from ϕ.
The cross section of elastic scattering, causing to loss of
an electron is possible to note as:

( )

( )zzxxabF
rZ

rZ

ββββ
γ

ϕθ
ϕ

γ
σ

π

,,,,,
2

d2

2

2
0

2

2

0
2
min

2

2
0

2

== ∫
, (9)

where a and b geometric parameters of the vacuum
chamber on a vertical and horizontal plane,

βx, <βx>, βz, <βz>  - maximum and average value of
amplitude functions on a horizontal and vertical plane.
After collision with atom of residual gas on azimuth s0 the
particle deviates on angles  and

ϕθ . Then on some azimuth s1 this particle will
have coordinates:
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The radius vector of this particle will be noted as
222 zxr += .

Considering, that on azimuth s1 the particle reaches the
boundary of the vacuum chamber r= ρ and that phase
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 On this azimuth, we can

write expression for a determination θmin. For it we need
only to make out a radius vector ρ  of the boundary of the
vacuum chamber. For example, for the elliptic vacuum
chamber:

ϕρϕρ cos,sin,1
2

2

2

2

===+ xz
b

x

a

z
,

from here











+

=

2

2

2

2

2

cossin

1

ba

ϕϕ
ρ .

Then we get:

( ) ( ) ( ) ( )[ ]ϕββϕββ

ϕϕ
θ

2
10

2
10

2

2

2

2

2
min

cossin

cossin1

ssss

ba

xxzz +











+=

(10)

Integrating (10) from 0 up to 2π  and averaging on all
azimuths is received expression for function F for case of
the elliptic vacuum chamber. Substituting it in (9), and
then (9) substituting in (3), we receive lifetime stipulated
by elastic scattering on atoms of residual gas in the
chamber of a storage ring the elliptic vacuum chamber.

4  LIFETIME FOR CASES OF THE
VARIOUS SHAPE OF THE VACUUM

CHAMBER.
We obtained expressions for function F for several most
typical variants of the vacuum chamber and disposition in
it of the diagnostic equipment bounding the geometric
aperture of the chamber. For a simplicity all devices
bounding the aperture of the vacuum chamber, we shall
name as "shutters". Is clear, that from expression for the
vacuum chamber with a shutter it is easy to proceed to
expression for the vacuum chamber without a shutter.
1. The rectangular vacuum chamber, rectangular shutter.
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2. The elliptic vacuum chamber, elliptic shutter.

Z

X
-b b

a

-a

Figure 2.
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3. The elliptic vacuum chamber, rectangular shutter..
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4. The round vacuum chamber, rectangular shutter.
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5  CONCLUSION
The obtained expressions allow analytically to connect
lifetime of a beam stipulated by elastic scattering on
residual gas, to amplitude functions of a storage ring and
geometric sizes of transversal area of circulation of a
beam. Besides that it allows to evaluate influence of the
shape of the vacuum chamber to lifetime of a beam, the
installation of such relation allows by a measurement of
lifetime for " zero currents " to determine sizes of area of
stable motion of a beam (dynamic aperture).

REFERENCES
[1] P.I.Gladkikh, A.Yu. Zelinsky, S.G. Kononenko et all “Collective

effects in intensive electron beam of storage ring N-100”, JTPh,
1991, v. 61, is.4, pp. 118-122.(In Russ)

[2] V. Nemoshkalenko, V. Molodkin, A. Shpak et. all., “Synchrotron
radiation complex ISI-800”, Journal de Physique, Vol.4, november
1994, pp. C9-341 – C9-348.

[3] A.Yu. Zelinsky, N.I. Mocheshnikov, L.V.Reprincev,
A.A.Shcherbakov “Measurement of dynamic aperture of Kharkov
electron storage ring N-100”, XIII symposium at accelerators of
charge particles, UINI, Dubna, 13-15 oct. 1992, D-9-92-380,
pp.101.(In Russ)

[4] CAS CERN accelerator school. Fifth general accelerator physics
course. Geneva, 1994, v.1, p.421.

2926

Proceedings of the 1999 Particle Accelerator Conference, New York, 1999


