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Abstract s Fdw . .

Two types of periodically modulated field for /f‘f J _}f h < i}
high voltage accelerating tubes are presented. The tra- LJ { ]h:( T I/ N ( }
jectories of secondary electrons emitted from electro-— ar“ L Iﬁg ér" : } :‘{;
des have been computed. It is shown that the maximum '
energy obtained by the electrons decreases with the in- (] i { J / ™ 7N
creasing field modulation. Therefore, it is possible to 1 ﬁj (’ kr) : {)J
suppress the electron loading effect of high voltage ! ! 1 ! |
accelerating tubes by these means. (a) {b)

Mg.2
Introduction

A method of suppression of electron loading is Iiectron trajectories in accelerating
o set up a transverse field in an accelerating tube. tube vith uniforn field
For instance, the secondary electrons are deflect away The equation of electron trajectories (relati-
from axis by the transverse electrical field in an in- vistic) is
clined field accelerating tube and by the transverse v iT (1+y.2)(2i y,__gz)z 0 (1)
nagnetic field in a magnetically suppressed tube. Both T‘~Tr 2% 2y
the kinds of the accelerating tubes have been success- where y’:%% s, v and x are transverse and axial coordi-
ful in effective suppression of the electron loading1’ nates respectively, V is the electric potential, T, and
2. In this paper, two types of periodic field for & are the rest energy of the elecctron and the absolute
accelerating tubes are proposed(Fig.1 and 2), in wvhich value of the electronic charge respectively.T is the
the secondary electrons emerging from electrodes get total energy of the electron as the following
transverse momentum from its transverse field component
end then hit the electrodes after travelling a rather T =Tote{V =Vo) (2)
short axial distance. In principle, this sort of tubes where T is the initial energy of the szlactron, Vo is

"with pericdic elsctrical f;eld is similar to one with electric potential at the position where the electron
special diaphragm electrodesa, however, its field is emitizde For uniform accelerating field,-%% =0,
péricd is much shorter and all the aperture diameters o =€%§ is the field strengtn. Thus the scluiion of
cf the tube electrodes are the same, By the way, the equation (1) is
periodic field also could produce some focusing effect, Y )
which may enhance the acceptance cof the accelerating MELars 1+v6§

tube for the ion beam.

o Totolxt/ (Toterx )21+ (T2-TF) /1 1067) (3)
Toh/(2=02) /My %)

i 2 L i | If "*f'o='\'1'o“'fr)/”%"‘f'
b 1 ' ! y—yO::%% irzggé log[1+W+/(?:§7§:;] (31)
I | Jitg?
’%""ﬂ"” - vhers W=e.x/Ty. By squaticn (3) we can sce that if the
! | ] ! ! initial direction of the secondary electron emerging
i kY I 2} 11 fp I : from an electrode is away from the axis of the tube
] ‘ t i ! i (y»0), the electron immediatly hits at the next clec-
trode and then stop travelling further, Otheruise,
Fig.1 namely y.< 0, the electron is iravelling a long

distance along the axis in the meantime it can get
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more ensrgy through the accszlerating field, Fié.j shows
the cnergy incg@asing of the ~lectrons versus trans-
verse displacements for Ty-T=100ev, “=1,5Mv/m. It can
be seen clearly that it is difficult to stop the
secondary electrons toward the axis of the tube with
uniform field, »ven thought the =lectrode aperture is

small.
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The production c¢f the veriodic field

Two tyvpes of periodic field have been proposed.
For the first type two different field strength "4 and
Fp are applied alternately on two adjecent gaps to
form a series of focusing-defocusing aperture lenses
as shown in Fig.1. Where s/2 is the length of the gap,
2a is the aperture diameter of the electrcde. The
origin of the coordinates is at the mid-plane of the
stronger field, where electrical potential is set to
ZETO.

Using the variable-seperation method, we can

get the space potential distribution as follows

v Ptin & . :
V{y,x)= —J§—2x+§: AontrTolkone1y)sin kopiqx, y<a (4)
m=0

where
, \ (W1—E2)s( 1 = Bon

A Ik a)=(=)m +

2m+110 N 2m+T

! 7 l2mt1)® 521 (2m41) % (2n)?
SE& EZH 2n Io(k2m+1a)Ko(k2na}_1 1
n=1(2m+1)*=(20)° | 2041 ToUepppqa)Ky kopa) | (2m+1)2

1=0,1,2, 3, (5)

o

cq:qu/s, I, end K, are the f{irst and second kind of
the zero order Bessel function respectively.

Thick electrcdes are used in the second typs
of field teo form a series of gap lenses as shown in
#g.2. In order to analyse the sffect of the field on
zlectron motion we take rotatory symmetry field as the
two dimonsicon field so that we can manipulate with
approximatz analytical method.

laking an analytical transfer from the complex
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plane z=x+jy to the ccmplex plane w=utiv we cbtain

dz _ sin<y +sinh%v- .
E;'~A(\ — 5 1B} (e)

Y sin®w +sinh®v3

where Re(ﬂsw/x) is the potential and £ is the average
field strength of the accelerating tube, The parameters
4,B,vq,v, introduced can bz expressed as follows

X

F? [sin<u +;i_“2v,

Ta= il R Y
! J v/"4n2u +sinh2v
oY == 2

(a(214+8 )=s

A(12+BV2)=3
(7)
- = v
ARD4- )=d 2 [sinn®y  -sinn®y
Io= — e v

2 2 2
AB(V1—V2)=h sinh*voy~sinh“v

)

The parameters s,a,d and 1 awe ghanm in 2o M2, The
maximum value of electrical field 7. is given in
equation (2)

Tnax/" =1+214/%B (8)

The elzctron trajectories

The electron trajectorics in the first type of
periodic field are shown in Fig. 4 for a/s=0.25, Tqtio
=3Mv/m and K=2(21—T2)/( 1t72) (the modulation dogree

of the electrical field).
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Ag To-Tp<ee("q+i2)s/2 initial energy and
divergence effect on the electron motion is very weak.
PMige4 shows the trajectories of eleclrons emitted Irom
the elecirode surface at the side with higher fieclid,
but the clactrons ati the side with wesker field will
Wit the nsxt eloctrodes after moving against the
direction of force lines. Tho cnergy of the electrons
deecrcaszs with the inereasing modulation degres of

ficld.

periodic field of second tyve analytically, we try to
draw the electron trajectories in the w-plane, where

the cquation of elsctron trajectories is

2y
et -1 5
aqs 7+ tan~!_2u . fre 72 -
{tan™ v an 21) + v d log JT<=T% =0 (%)
v '
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fige5 shows some typiecal trajectoriss of elec—

+

trons for the tube, uners a/5=0,25, d=2h=0,317s and

“=1.5Mv/m. The angl= & corresponds tc various initial

positions of electrons emerging from arc-shaped edge
of the elcctrode., Table 1 and 2 show the number N of
the gaps to be traveled by the =lectrons befors stop-
ping, where "=1,5Mv/m, a/5=0.5 and 0.25 respectively.
It can be seen thatl the number N decrease when enhsn-—

Tield

cing the modulatiorn degree of the

»
—

f tne elsc--
trodes get thin encugh, the tube returns to uniform
Pield accelerating tube, and then it is very difficult
to gtop the secondary eirctrons. In general, the
higher ths average field ', the more number of gaps
thet the 2lzctrons would go through, howevsr, it is

net sensitive to the average fiesid strength.

TMig.5
Table 1 (a/s=0.5)
a “max 6
3 I 15 - 20 45 60 75
LO71 170 16 14 16 3 /
2206 1,84 6 6 7 12 [
. 329 2.03 5.5 6 1 /
o445 2,27 4 4 6 14 /
J550 2,60 3 4 e /1
Table 2 {a/5=0,2%)
a “max 8
3 ) 15 30 45 60 75
081 170 4 3 4 6 /
42 1,80 2 2 3/ 7
267 1,61 c 2z 4
1T 1,98 2 2 2 3 7
L3800 2.10 2 2 2 L/
L33 2,22 2 2 2 5 1

At last we should show that there is some
crror to replace the rotatory symmstrical field with

a plans ficld in above calculation. flowever, it is

£l true that pericdic field can get elecirons
moving tremsversely, and thus it is useful to limit

their energy.

Conelusions

Some conclusions have been drawn from the

above discussicns.

(1) It is possible to set up the pericdic
field with proper modulation degree when the aprrturs
of the elsctrodes is sma’l and the field period is
short as can be seen from table 1 and 2,

(2) Periodic field could be used to limit the
energy obtained by the sccondary electrons emerging
from accelerating elcctrodes. The suppression effect
increases with the increasing modulation degree of
field,

(3) The ebove two kinds of vpericdic field are

comparad as followse (a) In type 1 the voltage sus~

tained between the insulating rings shou'd

in-
creased, however, in type 2 only the elsctrical field
inside the tube is enhanced. (t) Because cof having
stronger suppression the type 2 is morc effective
than the type 1. If electrode edge near the aperture
is designed carcfully, maybe the suppression effoct
could get stronger.

(4) Unfortunately, the pericdic field has no
suppression effec’y for the electrons produccd in the
esldual gases, but it has some focusing action.
Besides, the periodic field will increase the accep-

for the elescircns coming from outside of the
g

‘rating tube. Naturelly it could be limited by
means of appling an suppressing voltage cn the last
two electrodes of the tube,

(5) According to the elsctrostatic focusing

principie, tho

sriodic field can incresase the accep -
tance for the accelerated beam, but such an action is

obvicug only for the first several zlectrodes.
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