|ON CORE PARAMETERSIN THE BENDING MAGNETS OF ELECTRON
STORAGE RINGS

E. Bulyak, National Science Centre "Kharkov Institute of Physics and Technology", Kharkov, Ukraine

Abstract

Effective m éghods o decreasing the density o ions
neutralizing the ace charge o dectron beams in dorage
rings are improving the vacuum onditions and gplication
of the dearing dectrodes. There ae presented the results of
both theoreticd ad rumericd gudies o the rdaion of ion
density with the density and composition o the residua ges
in the vacuum chamber. Seady dae o the ion @re wes
investigated for the ase o the dpole magnetic fidd and
dectrostetic ¢ learing dectrodes. Andyticd  expressions
describing the longitudinal, the verticd ad the horizontd
shapes o the mre density ae presented. It is shown tha the
core density and ionizing raes o ions is determined by the
gasto-beam density rdio. Transverse density o ions is
much s harper then the beam density, ad the ion induced
force is auffici ently nonlinear.

1. INTRODUCTION

Positive i ons @ptured by dectron beams ause
limitations in peformance o the dorage rings. The most
effective method o f etracting ions from the beam is
insetion of the dearing dectrostatic dectrodes into the
vacuum chamber of a dorage ring. This dearing is dfective
if there exists the longitudind @ ong the beam abit) gream
of ions, because the dearing paes cover asmdl pat o the
ring circumference. In this pgper we present results from
both t heoreticd estimations and dgitd cculaions o the
ion core parameters in dpole megnet o the dectron dorage
ring provided with dearing dectrodes. Mainly we ded with
the number o ions in the beam and its transverse density
shape.

2. MODEL

Let us assume the dectron beam to be round in the aoss
section o f radius a and have homogeneous density
ny(XY,2=n,=const, x2+z2<a2. T he frequency o hunches
passingi s much geder than the frequency o ion
oscill @ions, so the beam is wasting for the ions. Thus, n,
denotes the average beam density.

This beam pesses through a dpole magnet with afidd
strength of B,=B=const, and the abit length in the megnet
is Y. At the magnet ends there ae installed the dectrostetic
clearing dectrodes. The vacuum chamber of the forage ring
contans neutrd ges with a density o ng, consisting o
molecules of mass M and the ionization aoss sction o .
The positivei ons produced in llision o drculaing
eectrons with the residual ges molecules ae trgpped by the
dectric fidd of the beam. These ions oscillate vetically
(dong the magnetic fidd lines) and drculate aound dlipses

in the xy plane. The dli pses move dong the beam ais (so-
cdled drift in the aqossed fidds) ad findly reech the
deaing e lectrodes. The outer dlipses (.>0) d rift
downstream the dectron beam, the inner dlipses &.<0) --
upstream. During t his dift the ions impat alditiona
focusing to the beam parti cles.

We | imit our onsideaion to the @se o low
neutralization when the density o the ion @re is negligibly
lower than tha o the beam, eg. we @nsider the ese of
effective dearing.

Considering t he dlipses as new dbjects we find the
density o f dlipse enters (EC) n. at the dstance y
downstream the dearing gation [1], which reads &s:
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Integrating (1) over the beam cross section we obtain the
total number of ions per unit orbit length:
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Here x,, is the minima dstance of the EC from the beam
axis when the ion is @nsidered to be difting, i.e, reaching
the d earing dation.

The key point in our andysis is the determination of X,
vaue because the ion density in the beam is fully rdevant
ont hat parameter. The besic hypothesis o this peper
consists in onsideing the ion re spaaed into 3 parts:
the centrd rest pat %,<x<x,, and two dreams mentioned
above The density of the centrd part is upposed ejual to
the average beam density (full reutrdization of the beam
charge). The density o both dreams is mached to the
central part & x=xx,,.

3. FINITETEMPERATURE

Iltis esentid to take into acount the initid ion
temperature T to eliminate divergence in the verticd density
shape of the cre This tempeaure does ot diminae

divergence in the radid shape but decreases the cre density
a X <x<<a.



Finite-temperature taking into account does ot dhange
the distribution o EC (1). The transverse mre density
relaed to the EC dstribution (1) is:
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The function B defined here describes the 'track’ of the
thermalised ion assemble produced at the point u with a 'zero
temperature’ amplitude a and the center of oscillation uy,
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Examples of vertical and horizontal shapes are depicted in
Fig.1.

j I j I j I j I
10

09 zshape

xshape

08

07

06

05

04

Density (rel units)

03

02

01

00 1 I 1 I 1 I
0.000 0.005 0.010 0.015 0.020

X,z (cm)

Fig.1. Transverse ion core shapes for the case: beam current
| =50 mA, radiusa = 0.05 mm, field strength B=1 Tedla.

4. SURVEY OF THE RESULTS

Based on the approach proposed and expressions (1) and
(2), the computer code has been developed which computes
the longitudinal density (the neutralization factor n ) and the
transverse density shape of the ion core confined by the
electron beam in the dipole magnet of the storage ring with the
clearing electrodes.

The results of computing are as follows:

(i) For the typical beam parameters in the synchrotron
storage ring (a=0.05 cm, Y=1 meter, B=1 Tesla, residual gas
pressure 1 nTorr of Nitrogen) ion clearing keeps the
neutralization factor below the 5% limit (Fig.2). Therefore our
assumption of low neutralization of the beam space charge is
proved valid.
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Fig.2. Neutralization factor n and density of ions n (in

arbitrary units) versus beam current | (in Amperes),
a=005mm,B=1Teda Y=1m.

(ii) The transverse core density is essentially nonlinear
because the main part of ions is confined in the near-to-axis

region ( Fig.3);
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Fig. 3. Relative ion core density in the beam central quarter.
I =50mA, a=0.05mm, B=1Tesla, Nitrogen molecules.

(iii) The density of ionsincreases very little when the beam
current isincreased up. So, the neutralization factor decreases
asitisdepictedin Fig.2;

(iv) Response of the ion density to increase in the residual
gas pressure (as well as the distance between the clearing
gtations Y) is less than proportional, see Fig. 4.
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Fig. 4. Neutralization factor versus residual gas pressure
(Nitrogen). | =50 mA, a=0.05mm,B=1Teda, Y=1m.

(v) The core density decreases when the magnetic field
strength isincreased, Fig. 5.
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Fig.5. Neutralization factor versus magnetic field strength.
I =100mA, a=0.05mm,P=2nTorr, Y=1m.

Thus, considering production of ions and their drift in the
dipole magnets of the electron storage rings and supposing full
neutralization of the beam charge without clearing we come to
the conclusion that the clearing electrodes can de a help in
keeping the ion density in the beam within the required limits
of afew percents of the average beam density. Residual ions
are located in the near-to-orbit region adding sufficiently
nonlinear focusing forces to the beam particles [2]. Process of
neutralization in the near-to-axis region of the beam needs
thorough studying both analytically and experimentally.
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