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NANOSECOND MICROSTRUCTURE CREATION
OF THE LOW ENERGY NEGATIVE ION BEAM

A. Novikov-Borodin®, INR of RAS, Moscow, Russia

Abstract

The method of the microstructure creation of the
negative ion beam with nanosecond edge times is
presented. The method of the creation does not destroy
the beam compensation by the residual gas, so it is
available for low energy beams. Such effects as a beam
divergence and, therefore, a bad beam transport are
overcome. The two-plate travelling wave chopper is used.
The special shape of the plate deflecting voltage is
needed. The estimations and a comparison with the
existing methods of a beam deflection are presented.

1 INTRODUCTION

The nanosecond microstructure beam creation is needed
for physics experiments and/or during the injection from
Linac to ring machines. It seems much easier to use the
low energy beam to form the beam shape. The usual
methods [1-3] destroy the beam neutralization of the
residual gas that, for low energy beams (up to 200-300
keV), leads to a huge beam divergence and, therefore, to
the bad beam transport and beam losses up to 50% for 35
keV 100mA H beam [1]. The neutralization restore time
constant is estimated from 2 - 5 us [4] to 30-700 ps [5]
and it may be considered as a limitation to a beam
microstructure edge times. This process forces to use the

2 PRINCIPLE OF THE NON-
DESTROYING DEFLECTION

The charged particle beam, moving in the beam tube,

produces the opposite charged ions from the residual gas
molecules, which compensate partially or even
completely the beam charge. For positive charged beams
the compensation is made by the free electrons and
negative ions and for negative beams it is made by the
positive ions. The residual gas ions oscillate inside the
potential gap, created by the beam. It seems complicated
to deflect the beam and to keep the opposite charged
neutralized residual gas, but possible. In case of the
negative charged beams the travelling wave chopper with
a special way of operation is used for the non-destroying
beam deflection. The principal scheme of the proposed
installation is shown on Fig.1.
Here 4 is the distance between the deflecting plates, / is
their length, L is the distance to the beam damp and d is
the vertical beam size at the input to the chopper. U is the
voltage between deflecting plates during the time period
(0 — T) when the beam needs to be deflected.

In the travelling wave chopper the deflecting field is
moving with the beam. Deflecting different parts of the
beam during deflection time period to the opposite
directions, it is possible to keep the residual gas ions in
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Fig. 1. Principal scheme of the beam deflection

higher energy beams for deflection.

The proposed method gives the possibility to deflect the
negative ion beam without destroying the residual gas
neutralization, which overcomes problems mentioned
above. The two-plate travelling wave chopper is used.
The special shape of the plate deflecting voltage is
needed. The estimations and a comparison with the
existing methods of a beam deflection are presented in
this paper.

the beam tube. For the structure and deflecting voltage,
shown on Fig.1, the non-relativistic beam deflection (up
or down) will be approximately described by the
equation:
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Fig.2. Transverse motion distribution of the residual gas ions

there fc is the longitudinal velocity of the beam, g, m,
are the charge and the mass of the beam particle, & is the
efficiency coefficient of the deflecting structure.

For the residual gas ions, their non-relativistic
transverse motion will be described as a system of
equations:

v, =Y, +Ivdt, v, =V, +Iwidt, 2
t t

w =k 2 Y
m, A

where y,, v, are the initial transverse position and velocity
of the ions, g, m, are the charge and the mass of the ion.

The ionized residual gas initial position and velocity
distribution are defined by the influence of the beam
charge. lons oscillate in the beam potential gap. We will
consider for the estimation, that the beam potential on the
beam diameter defines the maximum ion energy. So, for
the initial transverse position and velocity of the ions we
can get the estimation:
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It is seen from (2) that for the deflection voltage from
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Fig.1 the transverse velocity of the ions before and after

deflection is the same. Only the transverse position is

changed during the deflection. We will consider that the

residual gas neutralization is not destroyed if the

transverse position of the ions during the beam deflection
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Fig.3 lon transverse distribution
at the end of deflection

is less than the aperture.

3 NUMERICAL CALCULATIONS
AND ANALYSIS

We will estimate the non-destroying deflection for
[=38cm, L=50cm, U,=850V, T=150ns. We will
analyse the H beam deflection with the diameter 1 cm,
the energies around 35 keV and the current 20-100 mA.
We need to analyse the transverse motion of the residual
gas ions at the end of the periods of the voltage
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Fig.4 lon transverse distribution at the end of deflection with different beam current and energy
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deflection. The transverse
distribution is shown on Fig.2.

Here (vo,ro) is the initial distribution at /=0, (VI,R1),
(V2,R2) and (V3,R3) are the distributions at t=7/4, 37/4
and T correspondingly. It is seen that the maximum
position distortion is at the end of the deflection.

For the 100 mA beam, the residual ion distribution at
the end of the deflection is shown on Fig.3.

The transverse distortion of the residual gas is increasing
with the beam current increasing and the beam energy
decreasing that is illustrated on Fig.4.

So, one can conclude, that for these beam parameters
the neutralization will be partially lost. This is not the
principal limitation, another parameters of the deflecting
structure needs to be chosen.

velocity and position

4 PRACTICAL REALIZATION

The number of the meanders depends on the parameters
of the deflecting structure and beam parameters, but it
needs to be taken into account that there will be some
non-deflected part of the beam at the meander edges. The
deflecting voltage and formed beam shape are shown on
Fig.5.
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Fig.5. The deflecting voltage and beam shape

In practice, it is possible to create the deflecting voltage
by using two identical modulators for upper and lower
deflecting plates by applying the deflecting voltage
consequently, as it is shown on Fig.6.

"0 o

v

0 T/8 3T/8 ST/8 7TT/8T t
I s B
T/8 3T/8 5T/8 7TT/8 t

Fig.6. Time diagram of the fast modulators

Another question to be mentioned about is a variable
transverse distribution of the deflecting field by the
influence of the beam charge and the charge of the
ionized residual gas during deflection. When the beam is
compensated, we can consider the deflecting field as
uniform, but during the deflection the beam and the
residual gas are displaced. Uncompensated charge effects
to the deflecting field distribution. The typical related

field distribution E(y)/Eo with 60% beam compensation
during the deflection is shown on Fig.7. The beam ¢(y)
and ion i(y) charge distributions are shown in relative
units. Here Eo is the average field between deflecting
plates without the beam.
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Fig.7 Field distribution during deflection
with B0% beam compensation

This picture is the first order approximation, the real
pictures are more complicated [6], but in practice it is
enough to project the system parameters with the
deflecting field value much more than the field between
the beam and the ionized residual gas. It is a limitation to
the beam size, but usually for low-energy high-intensity
beams it is not very important.
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