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THE BEAM LIFETIME FROM ELASTIC SCATTERING ON NUCLEI OF
RESIDUAL GAS IN ELECTRON STORAGE RING WITH THE VARIOUS
SHAPE OF THE VACUUM CHAMBER.

N. Mocheshnikov, A. Zelinsky, NSC KIPT, Kharkov, Ukraine

Abstract passing through a volume with residual gas with number
of atomsN and thicknessydloses a of particles:
In report the process of elastic scattering of the storedn=-n,o N dx, (2)

beam on nuclei of residual gas with take into account Qfhere o - the cross section of scattering of electrons
size and shape of the vacuum chamber of a storage ring:ig;sing to it to loss.

considered. The expressions permitting to calculate fhen the time of loss of electrons by a relativistic beam
cross section of elastic scattering of electrons on nuclei @i make:
residual gas and partial lifetime of a beam, stipulated by 1 dn

this process for the various shape of a cross of the:——E:CUN, (3)
vacuum chamber (ellipse, cylinder, rectangle) aré Mo
obtained. wherec — velocity of a light.
Defining the lifetime as the time it takes for the initial
1 INTRODUCTION particle intensity to be reduced Hye and considering

o ) o residual gas distributed is uniform in the chamber of a
The total lifetime of an electron beam in storage Bn%  storage and number of atorhg in unit of volume to

determined as the sum of inverse partial lifetimegonstants, the lifetime is determined by the equation [4]:
stipulated by various processes. As main processesg

defining lifetime of a beam in a storage ring it is possible— =€ Ng. (4)

to consider the following: elastic scattering of electrons SC

on nucleuses of residual gas, bremsstrahlung on nucleud@s for definition of lifetime of a beam stipulated by
of residual gas, inelastic scattering of electrons oflastic scattering of electrons on atoms of residual gas, it
nucleuses of residual gas, quantum fluctuations of i§ necessary to determine a cross section of scattering of
radiation, collective effects. Experimentally and@n €lectron causing to it to loss. Obviously, that the
theoretically is shown [1,2] that for small beam current§?agnitude of this cross section will depend on the shape
the lifetime is determined by elastic scattering ofind sizes of the vacuum chamber.

electrons on nuclei of residual gas. There is a number of

diagnostic techniques [3], based on a measurement of 3 CROSS SECTION OF ELASTIC

lifetime of a beam for "zero currents" and definition SCATTERING.

through it of other parameters of a beam in particular cB
dynamic aperture. In the present work the technique ?f
deriving of dependence of lifetime of a beam stipulatede
by process of the elastic scattering for various shapes of EZ HL—BZ sinZQH

ifferential cross section of elastic scattering on nuclei of
sidual gas has the form [4]:

o N 2
the vacuum chamber from characteristic geometric sizedo - z r2Hmec 0 20
.40
4
sin’ —

: ®)

of the chamber is indicated and the expressions obtainetQ 4 0 H,B p
for the elliptic, round and rectangular chamber are

indicated. where d2=sinf d d¢ - the solid angle in which electron
is scattered,
2 LIFETIME OF ELECTRONS ¢, 0 -axial and polar angle of scattering,
STIPULATED BY SCATTERING ON Z - charge of nuclei of residual gas,
RESIDUAL GAS. r, - radius of an electron,

B ¢ —velocity of an electron,

The loss rate of electron beam in storage ring is given by: p — momentum of an electron

1__14dn (1) 'tcan rewrite as:

T Modt BL—stinZQH

wheren, — the number of electrongln/dt - velocity of z2 2HMCH O 0.
do(6,0)==-r¢ sin@dodg .(6)

the lost. 4 °Hep 4

. . sin® —
In case, when the main channel of losses of electrons is

the scattering on residual gas, electron beam, after
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For small angle of scatterind <<1 and relativistic S ds
electronsy>>1 the equatlon 6) we can write in the form: advance =0 On this azimuth, we can
do(6,¢)= Z- re 1 do d¢
6% write expressmn for a determinatidh,. For it we need
2 . (7)  only to make out a radius vectorof the boundary of the
_Z% , 1 8d6d¢ vacuum chamber. For example, for the elliptic vacuum
T o0 7 93 chamber:
2
Thus the cross section of elastic scattering in (4) '§—+——lZ psing,x= pcosp ,

possible to receive by an integration of expression (6) oa® b?
6 from 6 — minimum angle, the scattering on whichfrom here

min

results in loss of an electron upfoand ong from 0 up p2 _ 1
to 2t Aft; zzalnzln';egratlon o we find: H ir|2 c052 P H
r
dofp)==5 - (8) H a® 2
y min Then we get:
For the various shape of the vacuum chamber expressmn 7 2
for 6., will differ, besides for case is axial of the HS' ¢ cos ¢ H
asymmetrical chambe_ will be function fromg. 02, a2 b2 H (10)
The cross section of elastic scattering, causing to loss of
an electron is possible to note as: [B )sz ¢+ Bx ( )B (SL)COSZ ¢]
222 2 o dé Integrating (10) fromD up to2mr and averaging on all
o= _ZJ' 5 = azimuths is received expression for functiofor case of
y 9min(¢) ©) the elliptic vacuum chamber. Substituting it in (9), and
222r02 ' then (9) substituting in (3), we receive lifetime stipulated
> F(b,a,ﬁx,<ﬁx>,[32,<ﬁz>) by elastic scattering on atoms of residual gas in the

chamber of a storage ring the elliptic vacuum chamber.
where a and b geometric parameters of the vacuum

chamber on a vertical and horizontal plane, 4 LIFETIME FOR CASES OF THE

B, <B>, B, <B> - maximum and average value of  \/AR|OUS SHAPE OF THE VACUUM
amplitude functions on a horizontal and vertical plane.

After collision with atom of residual gas on azimsjtthe CHAMBER.

particle deviates on angles x = sind cog andWe obtained expressions for functibnfor several most

z =sing sip . Then on some azimuththis particle will  typical variants of the vacuum chamber and disposition in

have coordinates: it of the diagnostic equipment bounding the geometric
H aperture of the chamber. For a simplicity all devices

bounding the aperture of the vacuum chamber, we shall

X=Xy ﬁx(sojﬁx(sljsmﬂ

) name as "shutters”. Is clear, that from expression for the
vacuum chamber with a shutter it is easy to proceed to
Esl ds E] expression for the vacuum chamber without a shutter.
sin@ cosp /By (50 )Byx (1) singy D 1. The rectangular vacuum chamber, rectangular shutter.
.Bx(s E aZ
_ . Eﬁ ds H a
z=1, BZ(SO)ﬁZ(Sl}SIn@ ( )ﬁ b b X
’ -a
. . _ le ds E
S|n65|n¢,/[32f505ﬁzislismg 0
:BZ(S)E .
Figure 1.
Tge r(:dlus2 vector of this particle will be noted as =%8<B>%£ _3b2arcga a2 b2 . %
r :?( +Z . . . z @_ 2 a2b2 b 2ab(a +b2) a( + )
Considering, that on azimuty) the particle reaches the
2 2 2_ .2
boundary of the vacuum chamberp and that phase [&(Bx)%h—lz-b 232 arctg L b -a A+ 2a %
Fad 2ah b 2able?+b?) bla? +b2)g
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2. The elliptic vacuum chamber, elliptic shutter.

Figure 2.
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4. The round vacuum chamber, rectangular shutter.
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3. The eII|pt|c vacuum chamber, rectangular shutter..
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Figure 3.
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F= DBZ<BZ> % N ik i arasin® + 22 § (3‘02 2&12)%r
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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).
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