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INTRODUCTION

TSNS .
Since the time when the paper on High Voltage Electrostatic Separators
was presented (Mey 1965) some new interesting observations have been made at
CERN.‘Thése;mainly come from the study of the behaviour of the large model,
described previously, assembled with a stainless steel anode in conjunction

with an alumina coated cathode.

ASYMMETRY EFFECTS

1) Definition

After the usual low-pressure conditioning of a three metres set of
stainless steel anode-alumina coated cathode it was‘notiCedfthht the breakdown

voltage U, obtained for a given helium pressure was strongly dependent on the

d
voltage applied to the cathode or to the anode. In other words :

I

If U positive voltage applied to the. anode

d+

Ud—'= negative "o L " cathode'(absolute Value)

and Ud = Ud+ + Ud—

then the curve Ud+ as a function of.Ud_ at the breakdown threshold for a given

At + Ud— :'Ud = constant. The curve Ud— as

+.at the breakdown threshold for the same helium pressure is

helium'pressure is not such that U

a function of Ud
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not also such that Ud+ + Ud = Ud = constant and is wmoreover quite different

_ . istic. On a san ; cyoa ible
from the Ud+ = f(Ud_) characteristic. On same plot Ud+’ Ud— it is possible
to draw the two characteristics (Fig. 1). They then define in the Ud+’ Ud—

plane an area in which the voltage can be sustained by the electrodes. This area

is limited by four different curves :

i) a straight line parallel to the Udm axis which is the threshold
breakdown voltege of the positive electrode in respect to the
grounded walls of the tank. This limitation is an increasing function
of the pressure and is generally caused by a spark occuring along

the insulators of the anode supports or the bushing.

ii) a straight line parallel to the Ud+ axis which is the same limit as

the limit for the positive side but for the negative polarity.
iii) a - 450 angle straight line with respect to the Ud~ axis. This is

the constant breakdown threshold voltage Ud = Ud+ + Ud- which is
the gap limit. This limitation is, as shown previously, a function

of the gns pressure and electrode spacing.

iv) 4 well defined but complicated curve made of the two branches of the
Ud+ = f(Ud_) =nd Ud— = f(Ud+) characteristics. Thlsﬂ};mltat;on is
caused by a breskdown occuring always from behind_the negative

electrode and is called the asymmetry effect. =

2) Influence of the gas

The following observations have been made ¢

-~ In low pressure (”¢10"6 Torr) the asymnetry effect does not occur.

a4’ Ud_ is made of the

three straight lines Ud+ = Ud+max’ Ugs T Ud— = constant and
U, =T

d=- d-max’

Then, in thet case, the characteristic U

- VWhen the pressure is increased the asymmetry effect occurs at o
pressure depending on the kind of gas which is used. For helium
thig effect apoears around an equivalént air pressure of 10_4 Torr
(fig. 1) for nitrogen and for argon the asymmetry effect is not

observable because it would occur if so at a pressure higher than
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the critical pressure P, which is around 10‘3 Torr in the large

model.

-~ The asymmetry effect is independent of the conditioning state of
the electrodes, i.e. does not depend on the value of the

conditioning voltage Uf.

- Using a mixed gas (30 o/o He - 70 o/o Ne) the asymmetry effect
is cancelled for the characteristic Ud+ = f(Ud_) but is stronger
for the curve U, = f(Ud+).

-~ If an ionisation gauge is used for measuring the tank pressure, it
is important to shield electrically the gauge in respect of the

" negative electrode otherwise sparks occur at voltages much lower

than the Ud- limit.

These different observations seem to show that the asymmetry effect is
due to an ionic bombardment of the cathode side opposite the gap. The kind of
gas and the pressure are determinant fectors in this effect. However, the
ionisation cross section of the gas is not the fundamental factor for the
asymnetry effect as it is for the pressure effect previously reported. Then the
results obtained show that another parameter depending on the kind of the gas
is involved in the asymmetry effect and it will be seen that this parameter could

1)

be the total electron yield i due to high energy ions .

3) Influence of & cross magnetic field

When a magnetic field is established in the separator the asymmetry

2)

to the electric field in the gap; near the walls of the tank the angle between

effect disappears completely ~’. This magnetic field is made perpendicular

the electric and magnetic fields vaories betwecn O and‘% along the wall (fig. 2 a).

The asymmetry effect appears only if the maximum value of the magnetic
field is decreased below 100 Gauss (fig. 5). The highest value of the
magnetic field is always obtained in the corners of the tank where the electric

field is at its minimum value.
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4) Influence of the geometry

It is possible to cancel the asymmetry effect observed with helium
by changing the geometry inside the tank. If a metallic shield, connected to
wall ground potential, is put in the median plane of the tank on each side of
the gap rezgion (fig. 2 b), then the asymmetry effect disappears completely.

The asymmetry effect seems moinly dependent on the cross section geometry

3)

of the separator but could also be dependent on its total length -7,

CONCLUSION

From these different results and observations it is possible to

postulate a mechanism responsible for the asymmetry effect (fig. 2 c¢).

~ Tons are created in the gas by electrons in the positive side of
the separator. Some of these ions, which are accelerated by the
electrical field are crossing the zero potential line on each side
of the negative and »nositive electrodes. The position of this zero
notential line depends on the relative value of the positive and

negative voltages.

- ihen these ilons hove crossed this zero potential line, the electrical
field being reversed, they wre curved towards the cathode and
slowed down when cpproaching the tank walls. If their cnergy when
crossing the zero potential line is enough they will bombard the
wall of the negative side; the bombarded region will strongly depend

on the relative value of the positive and negative voltage.

~ Thie bombardment will eject secondary electrons from the wall. The
electron yield Yi is a function of ion energy and of the kind of
the ilon. For inert gas ions of a few Kev this yield is generally
larger than one. The highest value of the yield is always obtained
for helium (at 100 kev, Y; (He+)’§ 13 ond vy, (H+)rw’3 on Mo target,
at 1 Kev, Y (He+)*¥'0.85 and yj (A“P)f:‘J Q.15 on Ni target). The
kinetic energy distribution of fhese secondary electrons is concentrated
in a low energy band the width of which weakly depends on the energy

1)

of the incident ion .
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-~ These low energy electrons will ionize the gas before falling back
to the eémitting sideé. The oroduction of ions will be higher in the
low-:electric field rsgion (corners) where the electron trajectories

are the longest.

-~ The ions produced will then bombard the cathode causing a spark on

the cathode side opposite the wall as it is observed.

This nodel ig enough to explain qualitatively the résults obtained. As
an example, the magnetic field effect is due to the fact that the ionization
trajectories of the secondary electrons are shorter when the magnetic field is
applied and so the ions causing the spark are produced at a much lower rate .

L calculation shows very well this fact whatever the angle between the electric
and magnetic fields may be. In fact, this is true only for electrons of .

sufficient initial velocity vd; for a crossed magnetic field this limit is :

S 'Zn B
VoPV 2 B
if 52 is parallel to E?
th length with B il
na N A o T
IS ength wi =
—F - - - mv
path length with &, B (B /) B) = “Eg
I e.
e n)
path length with £, B (B 1 &) = g—’-‘- @-5
el

with e = electron charge

m = " nass

This condition is fulfilled in the low electric field region where the
magnetic field has the highest value (corners). As another example the effect
of the shield is to stop the ionic bombardment and then to stop the ionization

causing the spark.
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This asymmetry effect is a very important effect and must be cancelled
for the operation of separators because it limits the working voltage since the
system must work with asymmetric voltage which is not favourable for the
insulators and bushing. The use of another gas which does not produce the
asymnetry effect is not a solution as helium has to be used for other consider-
ations, previqusly reported (essentially the fact that helium gives the
longest TX time). Up to now the best solution seems to be to inst;ll a shield

which screens the corner regions from bombarding ions.
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