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1. INTRODUCTION

The ring elaborated in the Institute for
Nuclear Research (INR) of the Ukrainian
Academy of Scilences (Kiev) will store heavy
lons (including neon) and accelerate them up
to energy 200 Mev/u. The available cyclotron
U-240 will be used as an injector. The maln
physical parameters of electron cooling
system were determined previously I[1}. At

present paper the requirements to transverse
veloclty spread of electron beam are
considered in more detalls. The construction

of electiron gun 1is determined.

2. REQUIREMENTS TO ELECTRON BEAM

The electron gun imersed Into
longitudinal magnetic field with B 2 1 kOe
must ensure sufficlently small angle spread
and necessary current of the electron beam.
Taking In to consideration the space charge
of the electron beam one can show that the
optimum value of the beam current exists-
I=v,U{Z€/B.. It provides the maximum cooling
rate. U i3 an accelerating voltage 1in the
gun, Vo 18 a longltudinal electron velocity,
fe 18 beta-function at the cooling section, &
1s an emittance of ion beam. It should be
noted that this expression corresponds to a
gun with constant perveance gince I ~ Uz,

The sufficlently low angle spread of
electron beam velocitles needed to realize so
called adiabatic regime of don - electron
collisions. In this case the electron
transverse degrees of freedom are excluded
Ifrom consideration [2]. This requires the
transverse velocity of electron vi must be
less than 3+4.10° sm/sec [3]. The damping
rate of betatron oscillations decreases
rapidly when v? 1s greater than this value.
The transverse electron veloclty consists of
the following values vl = V¢ + ¥V, + V,, where
Vo = 2Ic/(rve,B) 1is the drift electron
velocity in crossed external magnetic field
and electric field caused by electron beam
space charge, ¢ is the light velocity. v, 1is

the additional electron velocity caused by
electron gun optics imperfection.v, 1s the
termal veloclity of electrons emitted by
cathode. As a rule, the last value 1s about
1-2.10° snv/sec (oxlde-coated cathode).
Therefore when the electron gun 1s designed
1t 1s necessary to provide the valueg v, = Y

+ ¥V, at the level of 1-2.107 sm/sec, so that
Vi + Vp = V® =< 3-4.10" sm/sec.
It should be emphasized that  the

requirements to quallity of the electron beam
are connected with v, namely. Nevertheless
for scme purposes 1t is more convenient to
uge the angle spread of the electron beam a =
v,/%o . Since longitudinal electron velocity
and ion velocity must be equal at the cooling
section, the desirable value of oy 1s
depended on the energy and mass of Injected
lons. Ninimum possible value of angle spread
18 determined by the electron beam current a,,
> V4/¥,. The calculated values of I, ay, and
O, Ior our case are presented in Table 1.
Table 1

Wi, 18 an Injected lon energy, W, 1s an
electron beam energy.

Hadius of electron beam r = 1.5 sm (1]

ion p*;?He®" N+ C2+;04" ;Ne®"

W, (MeV/u)! 50 10 9,5

W, (EeV) 26 5,4 3

I 1,9 0,19 0,08

0y (mrad) 2,2 4,6 6,1

Qy (mrad) 2,6 1,2 0,9
3. ELECTRON GUN

The main problem in electron gun design
is the scattering action of the anode hole
cauged by the relatlively high value of the
iransverse electric field E, . The
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calculatlions show that 1n our case the
clagsical Plerce gun glves the following
velocity angle spread : a = 2.4 mrad for W, =
3 keV; o =~ 17 mrad for W, = 26 keV; a =~ 60
mrad for W, = 110 keV, 1l.e. a exceeds
necessary values almost in order of magnltude
in the range of W,~10-100 keV. For computer

gimulation we use the SAM program {4}. Here
and later we assume that the gun 1s immersed
into longltudinal magnetic fleld with B = 1

kOe.

The guns with "quasiresonant” and
"smooth” optics are used to overcome this
difficulty. The first gun type has an
essentlal disadvantage - resonance condition
13 fulfilled in the narrow reglon of Ueam
current (51. Moreover, 1n our case the
electron energy 1s varled from 3 to 110 KkeV,
90 the Larmor spiral step changes from 1 to 7
gm. That requires to use very complicated
gystem of electrodes.

In "smooth" opties one try to
the axial reglon length A with E=Q, since
E. ~ /A [6]. That may be done 1n several
ways [(5-T]1. First of all, 1t 1s possible to
use the multl-electrode gun. The first
electrode 1is placed so close to the cathode
wnen the beam current distribution 1s almost
homogenecus yet. One apply to this electrode
potential, enough to obtaln the needed
electron current density. Its magnitude 1s
about several KV, what provides relatively
low values of E,. Further beam accelerating
rate, determined by voltage on the next
electrodes and their position, 1s to a some
extent arbitrary. That allows to increase the
value 4 &and decrease E. essentially. The
caleulations show that such gun  gives
velocity angle spread of the electron beam
presented in table 2.

increase

Table 2

W, (keV) 3 14 26 50 100

o (mrad | 0,9 | 2,0 | 2,8 3,5 6,3

One can see that the obtalned values of
a < o4 and are closed to the minimum possible
value of ., .

It i8 noted 1in (7], that the same

Fig 1.
with different geometry.

Schemes of the electron guns

regult may be obtalned by using more
gun depicted on fig.ta. However physical
agspects of such gun design were Tnot
congldered in details. So we carry out the
calculations with results presented below.

simple

In order to solve the problem, it seems
to be most expedlent to conslder the angle
apread transformation beginning from the

Plerce optlcs. For these purposes gun
geometry deplcted on fig.1b has bean chosen.
The angle spread dependence on the anode hole
radius R, 1s shown 1n fig 2. One can see,
that o decreases in T times approximately
with changing R, from 1.6 to 3 sm and then 1s
practically constant. Simultanecusly the beam
current decreases Insignificantly. The same
effect may be obtalned by Increasing of the
anode electrode curvature radius R, up 1to
value ~ 4-5 sm (R, =~ 2 sm). Such dependencies
are not in agreement with model, considering
the anode hole as a thin lens with focus
length £ ~ -6 ,. The latter predicts smooth
and weak dependence o on R,. Therefore let
conslder the electron motlon 1n the gun.
Radial distributions of the electric field
for R,=2;4 sm are shown 1n the computer
results on fi1g.3. In the first case E, looks
1ike a sharp peak with half-width A < A,, and
in the second case - as a smooth curve with A
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Fig 2. The velocity angle spread (1)
and electron beam current (2) va the
anode hole radius
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Fig 3. Axlal distribution of the
electric field on the eleciron beam
edge. The radil of the anode hole of
2 and 4 sm correspond to curves 1,2.
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Fig 4. The varlation of the electron
beamangle spread along the system. The
radii of the anode hole of 2 and 4 sm
corregpond to curves 1,2.

~ 2-3),. The electron moving 1in such field
gets a gtrong lateral blow when R, = 2 s8m
(see flg.4). For Rz 4 sm a 18 1in time to
relax up to nearly zero values since A > A,.
Observed effect may be easy explained by the
fact that anode hole has a sharp edge. E
Increases rapidly near this edge giving in
the 1imit infinltely high and sharp pesk.
Increasing H, or R, we move away this region
from the beam edge and smooth out the radial
electric fleld distribution. The calculations

show  that for practically complete
suppressicn of the anode hole scattering
action 1t 1s enough to have R, = 2A,, where

An 18 maximum possible Larmor spiral step of
the electron.

The calculated values of the beam arngle
gpread for gun with R, = 2 sm, R, = 6 am are
presented in the Table 3.0ne can dee that
values of o are closed to the corresponding
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magnitudes for multi-electrode gun (Table 2)
and satisfy conditions a,= a < ag.

Table 3
W, (keV) 3 5,4 14 | 26 50 100
a (mrad) 0,9 1,2 1,9 2,814,1 7,8

4. CONCLUSIONS

The results can be summarized ag
follows:

1) scattering action of the anode hole
18 caused mainly by sharp edge of the hole,
where the electric field increases rapidly.
An electron Interaction with such field has
the resonance character when half-width of E,
peak becomes less then a step of larmor
spiral. The suppression of this effect may be
achieved by increasing both the radius of the
anode curvature and the hole diameter;

2) the multl-electrode guns with both
"quasiresonant™ and "smooth" optics has no
advantage over the diode gun at least in our

case and leads to technical complication
only.
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