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1 INTRODUCTION

The neutralization effects are alimitation of accel erator per-
formances at various occasions. Some of the difficulties of
thefirst accel erators came fromthefact that thevacuum sys-
tems were not good enough. The difficultieswill rather be
linked at the large currents and high densities especialy of
the circulating beams.

In this paper some new resultsare shown by using of one
salf - neutralization model of beams by ionization of the
residual gases in accelerators. Theloss of transmitted pro-
tonsinto abeam chamber due to charge changing collisions
with theresidual gas molecules isdiscussed for four differ-
ent pressuresin theregion of 10~ - 10~* Pa.

2 ONE SELF-NEUTRALIZATION
MODEL OF BEAM

One sdlf - neutralization model of beam has a so been pub-
lished in papers [1-2]. It is assumed that the electron pro-
duction is due mainly to collisions between beam ions and
gas atomsand electron lossto be dueto scattering out of the
potentia well of thebeam. It holdsthat the el ectron produc-
tionrate isgiven by

dn,
dt

and the electron lossrate is given by

= NiNoTi00; (1)

—dn, Ne =¢
dt T € &)
wheren; istheion density of thebeam, n, isthe neutral den-
sSity, o, isthe cross section for ionization of the atoms by
the beam ions, v; is the beam ion velocity, n, isthe elec-
tron density, T isthe time for scattering of electrons by the
ionsinthebeam, ¢ istheplasmapotential (V) and T isthe
electron temperature (eV).

The energy input is estimated from the heat- ing rate of
the e ectrons by the beam ionsbeing n, m.v? /2T where m,
istheelectron mass. Hamilton [2] cal cul atesthe energy loss
fromthesystem by means of theionizationcrosssectiono;,,,
by the charge exchange crosssection o, and by thetransport
potentia energy ¢ from the system. He derived for the en-
ergy lossarate of n;n,v; (040 + 02) .
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Figure 1: Beam potential ¢ as a function of mean current
density J for three different electron temperatures T (T =
0.6, 6 and 100 keV) at energy of protonsW = 10 keV.

Finally, it is assumed that the beam ion density n; is ap-
proximately the same asthe electron density ne, i.e. n.~n;.
The effect of low ionsisaso neglected completely. After
it, than thetwo equationsfor particleand power balance can
be reduced to the form

1 _
NoTi0V; = ;eT‘lS 3

and
2

- (4)

MV
2T

no(o'io + o'z)vi(;b =

Further W = szf =eV whereeV istheenergy and M isthe

mass of ions, respectively. Hence

% = 2.3log<

%iaio‘i‘o'z)‘ (5)

m. eV ;0

For typical parameters of the hydrogen beam at energy W =
10 keV and pressurep=10—* Pa

J=0.1mA cm~2
n; = 4.46x10°% ionscm—3
G50 = 0.2x10~18 cm?

v; = 1.4x108 cms!
n, = 2.645x101° cm—2
oz = 4.3x107 18 cm?
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Figure 2: Beam potential ¢ as a function of mean current
density Jfor two different electron temperatures T (T = 10
and 100 keV) at energy of protonsW =50 MeV.

istheratio

¢ _ ¢
T = 10622+ 2.3log(T)

T (6)
Onecan seethat the potential p= 7.9 €V for thetemperature
of electrons T, = 0.6 €V.

The electrons produced in ionization have, in general, a
finite energy of several volts which must contributeto the
energy input. If o;,— 0 and o, — oo the energy transported
away from the system by thecold ionscomes from the beam
ions directly and not from the electron gas. However, the
correction terms appear in thelogarithm form and therefore
do not produce a large effect.

The assumption of quasi - neutrality is also conserved
when the beam density Jisintroduced for n;~n. by equa-
tion g

o) ™
Cio+ 0z QS

In order to illustrateresults by the last equation Figure 1
and Figure 2 are shown.

The maximum derived beam potentia energy ¢ is8eV a
the different electron energies T and the different mean cur-
rent densities. It isalso seen amaximum of the density Jat
the electron temperature T = 0.6 €V and the beam potential
¢ =1 eV. Definite maximum exist al so at the higher electron
energies but there are shifted to the higher values of the po-
tential ¢. If only thelosses due to collisions between beam
ions and residual gas atoms and el ectron loss to be due to
scattering out of the potencial well of the beam, the losses
of ions can be given by

J = 0.5nemevf’(

—dn; (0s0 + 02)

< 79.240n,p 20 T 72)® (8)
Mg
where ¢ isthe plasma potentia (eV), T isthe electron tem-

perature (eV), p is the pressure of residua gas (Pa) a the

T=10eV

W =50 MeV
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Figure3: Beam potential ® asafunction of lossrate of pro-
tonsfor four different pressures p into the beam chamber (1:
p=10"1Pa,2: p=10-2Pa, 3: p=10-3Paand 4: p=10—*
Pa) at the electron temperature T = 10 €V and at the energy
of protonsW =50 MeV.

ambient temperature of 20 °C and other quantitiesarein Sl
units. Using just thisratio onecan seethelinear dependence
of theionlosses on the pressure p.

In order to illustrate results by the equation (8) Figure 3,
Figure 4 and Figure5 are shown.

The maximum derived beam potentia energy ¢ isalso 8
eV but at the different electron energies T and the different
loss rates of the proton beam. It isalso seen a maximum of
the proton beam loss rates -d;‘ti at the proton investigation
energies of 50 MeV and 10 keV, respectively. Further, one
can observe that the higher isthe energy of protonstheless
isthelossrate at the same residual gas pressure.

The complete discussion of the self - neutralization pro-
cess for the beam transport technology is complicated. It
must include not only an analysis of e ectron productionand
lossin a completely self - consistent potential distribution,
but also it has to be including beam fluctuations, magnetic
fields and three dimensional variation of the beam density.

A certain measure of quasineutrality of the beam can
also bethe Debyelength Ap defined by equation Ap = 4.9
(T/n)*/2 where T isthe temperature of ions (electrons) (K)
and nisthedensity of ions(electrons) (cm~2) [3]. Thebeam
is quasineutral provided that itsdimensionsare lessas Ap,
i.e. D < Ap where D isthediameter of the beam. Thiscon-
dition reduces to

J < 3.2x1078TvW for protons 9

where Jisthe beam current (A), T isthe electron tempera-
ture (eV) and W isthe energy of protons (V).
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Figure4: Beam potentia ® asafunction of lossrate of pro-
tonsfor four different pressures p into the beam chamber (1:
p=10"1Pa,2: p=10-2Pa,3: p=10~2 Paand4: p=10—*
Pa) at the electron temperature T = 6 €V and at the energy
of protonsW = 10 keV.
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Figure5: Beam potentia ® asafunction of lossrate of pro-
tonsfor two different pressures p into the beam chamber (1:
p=10""! Pa, 2: p=10~2 Pa) at the ectron temperature T
= 0.6 eV and at the energy of protonsW = 10 keV.

3 CONCLUSION
Thelosses of investigated protonsdueto collisionsbetween

beam ions and residual gases are linearly depended on the
pressure p.
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