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Abstract
Effect i ve m et hod s  of decre as i ng the dens i t y of  ions 

neut ra l i zi ng t he  space cha rge of el e ct ron beam s  in st ora ge
ri ngs  are im prov i ng the va cuum  condi t i ons  and appl i cat i o n
of t he  cl eari ng el ect rodes .  There ar e pres ent e d the res u l t s  of
bot h t heoret i cal  and num er i cal  st udi es  of the rel at i on of ion
dens i t y wi t h the  dens i t y and com pos i t i on of th e res i dual  gas 
i n t he  vacuum  ch am ber.  St e ady st at e of the ion  core was 
i nves t i gat ed f or  the cas e of the di p ol e magnet i c fi el d and
el ect r os t at i c c l eari ng el e ct rodes .  Anal yt i cal  expres s i on s 
des cri bi ng t he l ongi t udi na l ,  the ver t i cal  and the hori zo nt al 
s hapes  of the co re dens i t y  are pres e nt ed.  It  i s  shown th at  the
core d ens i t y and  ioni zi ng rat es  of i ons  is  det erm i ned by  the
gas -t o -beam  d ens i t y rat i o.  Trans vers e dens i t y of ions  is 
m uch s harper the n the beam  dens i t y,  and the io n induced
force is  suffi ci ent l y nonl i near. 

1. INTRODUCTION

P os i t i ve i ons  ca pt ured by el ect ron beam s  caus e 
l i m i t a t i ons  i n perform ance  of the st orage ri ng s .  The mos t 
effect i ve m et hod  o f ext rac t i ng ions  from  the beam  is 
i ns ert i on o f the  cl eari ng el ect ros t a t i c el ect r odes  int o the
vacuum  cham ber of a st orag e ri ng.  Th i s  cl eari n g is  effec t i ve
i f the re exi s t s  the longi t udi nal  (al ong the be am  orbi t ) st ream 
of i on s ,  becaus e  the cl ear i ng pl at es  cover a s m al l  part  of the
ri ng c i rcum feren ce.  In thi s  paper we  pres ent  res ul t s  fro m 
bot h t heoret i cal  es t i m at i o ns  and di g i t al  cal cu l at i ons  of  the
i on co re param et ers  in di p ol e magnet  of the el ect ron st o rage
ri ng provi ded wi t h cl eari n g el ect rod es .   M ai nl y we deal  wi t h
t he n u m ber of io ns  in the beam  and i t s  trans ve rs e dens i t y
s hape. 

2. MODEL

Let  us  as s um e th e el ect ron  beam  to be round in  the cros s 
s ect i o n o f radi u s  a a nd have hom oge neous  dens i t y
nb (x, y, z )= nb = cons t ,  x2 + z 2 < a2 .  T he frequency of bunches 
pas s i n g i s much great er th an the fre quency of ion
os ci l l at i ons ,  s o  the beam  is  coas t i n g for the ions .  Thus ,  nb 
denot e s  the aver age beam  dens i t y. 

Thi s  b eam  pas s es  through a di pol e ma gnet  wi t h a fi el d
s t reng t h of Bz = B= cons t ,  and the orbi t  leng t h in the magnet 
i s  Y .  At  t he magnet  ends  there  are ins t a l l ed the el ect ros t at i c
cl eari ng el ect ro des .  The vacuum  cham ber of the  st orage ri ng
cont ai ns  n eut ral  gas  wi t h a dens i t y of n0 ,  c ons i s t i ng of
m ol ecu l es  of mas s  M and t he ioni zat i on cros s  sect i on σ 0 . 
The po s i t i ve i on s  produced  in col l i s i on of ci r cul at i ng
el ect r ons  wi t h t he res i dua l  gas  mol e cul es  are trapped by  the
el ect r i c f i el d of the beam .  Thes e io ns  os ci l l a t e vert i ca l l y
(al ong  t he m agne t i c fi el d li nes ) and  ci rcul at e  around el l i ps es 

i n t he  xy pl ane .  The el l i ps es  move al ong the beam  axi s  (s o-
cal l ed  d ri ft  in the cros s e d fi el ds ) and fi nal l y reach th e
cl eari ng e l ect ro des .  The out er el l i p s es  (xc > 0) d r i ft 
downs t ream  t he el ect ron be am ,  the in ner el l i ps es  (xc < 0) - - 
ups t re am .  Duri ng  t hi s  dri f t  the ions  im part  ad di t i onal 
focus i ng to the beam  part i cl es . 

We l im i t  our con s i derat i on  to the ca s e of low
neut ra l i zat i on w hen t he de ns i t y of t he ion cor e is  negl i gi bl y
l ower t han that  of the bea m ,  e. g.  we  cons i der the cas e of
effect i ve cl eari ng. 

C ons i d eri ng t he el l i ps es  as  new obj e ct s  we fi n d the
dens i t y o f el l i p s e cent ers  (EC ) nc  a t  th e di s t ance  y
downs t ream  the cl eari ng st at i on [1],  whi ch rea ds  as : 

nc = cn0σ0B 1 + D( )
πe

y , (1)

D ≡ nb
2π Mc2

B2  .

Integrating (1) over the beam cross section we obtain the
total number of ions per unit orbit length:
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Here xm  is  th e mi ni m al  di s t ance of the EC  from  the be am 
axi s  w hen t he io n is  cons i dered to be dri ft i ng ,  i. e. ,  re achi ng
t he cl eari ng st a t i on. 

The ke y poi nt  in  our anal y s i s  is  the  det erm i na t i on of  xm 
val ue becaus e th e ion dens i t y in the  beam  is  ful l y rel ev ant 
on t ha t  param et e r.  The bas i c hypot he s i s  of thi s  paper
cons i s t s  i n cons i deri ng th e ion core  separat ed  int o 3 pa rt s : 
t he ce nt ral  res t   part  -xm < x< xm  and t wo st ream s  ment i oned 
above.  The dens i t y of the cent ral  pa rt   i s  sup pos ed equa l  to
t he a v erage beam  dens i t y (ful l  neut r al i zat i on of the bea m 
charge ).  T he den s i t y of bo t h st ream s  is  mat che d to the
cent ra l  part  at  x= ±xm . 

3. F I N I TE TEM P ER A TU RE

It  i s es s ent i al  to take in t o account  the ini t i al  ion
t em per at ure T  to  e l i m i nat e di vergence in the ver t i cal  dens i t y
s hape o f the cor e.  Thi s   t em perat ure  does  not  el i m i nat e
di verg ence in th e radi al  s hape but  decreas es   t he core dens i t y
at  xm < x< < a. 



F i ni t e -t em perat u re t aki ng int o accou nt  does  no t  change
t he d i s t ri but i on  of EC  (1) .  The tran s vers e cor e dens i t y
rel at e d to the EC  di s t ri bu t i on (1) i s : 

ni(x,z)∼ Fx(x)⋅Fz(x,z), (3)
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The function B i defined here describes the 'track' of the
thermalised ion assemble produced at the point u with a 'zero
temperature' amplitude α  and the center of oscillation u0
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Examples of vertical and horizontal shapes are depicted in
Fig.1.
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Fig.1. Transverse ion core shapes for the case: beam current
I = 50 mA, radius a = 0.05 mm, field strength B = 1 Tesla.

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 η ) 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 η  and density of ions ni (in
arbitrary units) versus beam current I (in Amperes),
a = 0.05 mm, B = 1 Tesla, Y = 1 m.

(ii) The transverse core density is essentially nonlinear
because the main part of ions is confined in the near-to-axis
region ( Fig.3);



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

(iii) The density of ions increases very little when the beam
current is increased up. So, the neutralization factor decreases
as it is depicted in Fig.2;

(iv) Response of the ion density to increase in the residual
gas pressure (as well as the distance between the clearing
stations Y) is less than proportional, see Fig. 4.

Fig. 4. Neutralization factor versus residual gas pressure
(Nitrogen). I = 50 mA,  a = 0.05 mm, B = 1 Tesla, Y = 1 m.

(v) The core density decreases when the magnetic field
strength is increased, Fig. 5.

Fig.5. Neutralization factor versus magnetic field strength.
I = 100 mA,  a = 0.05 mm, P = 2 nTorr, Y = 1 m.

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 a few 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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