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as the results of the experiments made on the linear test bench.
neutralisation and electron cooling of protons with neutralised beams will be presented as well
main characteristics of the system installed at LEAR. The preliminary results of electron beam
In this paper we will briefly discuss the physics of the neutralisation process and give the
has been implemented in order to reduce this effect and to obtain ultra cold anti(proton) beams.
can obtain. At the Low Energy Antiproton Ring (LEAR), an electron beam neutralisation system
cooling are detrimental on the cooling process as it limits the equilibrium emittances that one
The drift velocity induced by the space charge of the dense electron beams used for electron
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(Fig. 2) but decreases with better vacuum conditions (Fig. 3). OCR Outputfm 8LC (1)
current has a linear increase with accelerating voltage (see (1))v2B
different values of the pressure. The upper limit on the beam

electrons. The upper current density limit [3,4,6] is given by accelerating voltage U 0 E mvz/2 is shown in Fig. 2 for
coherent instabilities of the secondary ions and primary The dependence of the upper beam current limit on the
not a very simple task due to development of bearn-drift of the electron beam which is being neutralised.

The generation of an intense neutralised electron beam is beam is deflected due to the change in the radial electrical field
removed from the electron cooling system. bench was made with a diagnostic pencil beam [4]. The pencil
insulators. In this manner the unwanted secondary electrons are

The measurement of the neutralisation factor on the test
the drift of the secondary electrons to the conductive glass

+ 3xl0‘9 Torr. The magnetic field was 300-400 Gauss.
between this elecuodes leads to the accumulation of ions and

chamber 30 cm, and the pressure in the system between l0‘all the metallic cylinders. The transverse elecuical field
between the ion traps was 2.5 m, the diameter of vacuumvoltages U,,1_ U"2 of different values up to 6 kV are applied to
currents up to 2 A and an energy of 12 keV. The distanceseparated by a conductive glass insulator (Fig. 1). Positive
formed to neutralise electron beams of 30 mm diameter, withdrift space. Each trap consists of two metallic ha1f·cylinders,

On the linear test bench a number of experiments were perbetween electrostatic traps [2,3] placed on either side of the
positive low energy ions of residual gas are accumulated

2. TEST-BENCH MEASUREMENTSduring its passage from the cathode to the collector. The
The electron beam ionises the residual gas molecules

paragraphs.
beam neutralisation system [2].

electrons on pressure. This point will be developed in the nextcooling. One way to reduce this effect is the use of an electron
of concem is the influence of the density of secondaryof using intense electron beams effectively for electron
that influem: t1;·: development of the instabilities. One pointtem]. rmture and by the gun optics. It restricts the possibility
does not give : complete description of the many parameterslarger than the transverse velocity introduced by the cathode

the space charge of the dense electron beams is essentially However the dependence of 1,,,,,,, represented by formula (1)
However, the electron azimuthal drift velocity induced by charge.

LHC. where M is the ionised ion atomic mass. and eZ the ion
4.2 MeV/u to be rapidly cooled prior to their transfer to the
the future will also enable Pbs 3* ions at an energy of (2)J=§Zn. M%2
antiprotons at LEAR. The use of an intense electron beam in
cooling device for cooling and accumulation of protons and

lower density. It is given by
the possibility to improve the performance of the electron

suppression of Landau damping of the ion cloud due to the
currents of up to 2.5A at energies below 20keV [1] opens up

The lower current density limit [3,4] follows from the
The generation of very intense electron beams with

1-metallic electrodes. 2-conductive glass plates.l. INTRODUCTION
Fig. l - The schematics of the electrostatic trap.

results of the experiments made on the linear test bench.
protons with neutralised beams will be presented as well as the
results of electron beam neutralisation and electron cooling of 2 l L
teristics of the system installed at LEAR. The preliminary
physics of the neutialisation process and give the main charac
(proton) beams. In this paper we will briefly discuss the

l lu U ultr2
in order to reduce this effect and to obtain ultra cold anti
an electron beam neutralisation system has been implemented
one can obtain. At the Low Energy Antiproton Ring (LEAR),
cooling process as it limits the equilibrium emittances that
electron beams used for electron cooling are detrimental on the

velocity of the electrons and light, respectively.The drift velocity induced by the space charge of the dense
magnetic field of the electron cooler. and v and c are the
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energies,i.e. 3-ll keV. The value of the low limit current is OCR Outputmethod [2-4] was used for measurements of the degree of
compared with data represented in Fig. 4 for the lowchange in the electron beam space charge. The time of flight
upper limits of the stable regime were 1.5-2 times greaterbetween the two situations gives a direct measurement of the

electron beams. The measure of the frequency difference Torr. When the pressure increased up to 4 + 6><l0‘“ Torr the
on the spectrum analyser [2] for both neutralised and charged from Eq. (1) due to the ultra-high vacuum 10*1 + 2><10‘

limit on LEAR was 3-4 times less than one would expectmonitored from a longitudinal Schottky pick·up signal display
the vacuum in the systems was improved. The upper currentcooled proton beams the revolution proton frequency was
the upper current limit reduced and lower limit increased when1] with or without the cooled ion beams. In experiments with

In the experiments both on LEAR and on the test bench,There are two ways to measure the degree of neutralisation

STUDIESoN LEAR

5. DISCUSSION o1= RESULTS AND FURTHER3. NEUTRALISATION OF THE ELECTRON BEAM

41: mm·mrad.current decreased.

current. The degree of neutralisation increased when the beam profile monitor [1] and were Ev = 21: mm·mrad. Eh ·-=
neutralisation was between 50-95%, depending on the beam of the cooled proton beam were measured using the H° beam

beam energy changes. The vertical and horizontal emittancesstable conditions and energies between 2-4 keV, the degree of
servo-system [2] which corrects the accelerating voltage as thean energy of 6-12 keV and current losses AI/I < 4 x 10**. For
shift of the cooled protons. This shift is compensated for by adegree of neutralisation was equal to 85-95% for beams having
tion, the change in the beam space charge leads to an energythe losses from the collector were reduced. In this regime, the
cess was also demonstrated. Due to high level of neutralisato the vacuum chamber, the upper current limit increased and
the electron cooling parameters during the neutralisation prolosses. When the collector potential was positive with respect
performed at various energies and the possibility of adjustingand its repetition rate was also found to depend on the current

The cooling of protons with netttralised electron beam wasinstability appears as an abrupt jump to the de—neutralised state

density, and n,: the density of the electron beam). The
limits on the accelerating voltage. B = 6()O Gauss.sation 1; = ni/n, was found to be equal to 0.7-0.95 (n,: the ion

Fig. 4 - The dependence of the upper (•) and lower (•) currentlosses were lower than AI/I < 4 >< 10**. 'I`he degree of neutrali
limit Im, for stable conditions was achieved when the current

0 5 I0 15 20 25 30beam drift instability. For a fixed pressure the upper current
ing system. The secondary electrons produce feedback for the
sity of the secondary electrons oscillating in the electron cool

Uo,kV0-2by the current losses of the primary beam, AI/I, or by the den
The stability of the neutralised electron beam is determined 0.4

0.6
limit 0n the pressure

0.8Fig. 3 - The dependence of the upper critical current
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charge between lower and upper limits is equal to 80-95%.+ 1.5
U0=8kV presented in Fig. 4. The degree of neutralisation of the space

upper and lower current limits on the accelerating voltage isIl A ·s· 2
observed in the form of instabilities. The dependence of the
stable regimes. Lower current limits also exist and are2) P = 6 + 8><l0‘“ Ton, 3) P = 1.5 + 4><10‘7 Torr.
which determines the magnitude of the upper current limit foraccelerating voltage. 1) P = 3 x 109 Torr,
a fixed elecuon energy, the pressure is the main parameterFig. 2 - The dcpcndcncc of thc upper current limit on the
ultra-high vacuum, 10** + 5><10‘“ Torr, in the machine. For
current for stable regimes was found to be lower due to the0123456789lO

On the experiments made at LEAR, the upper limit on the

factor.
ue. kv fairly good agreement in the estimation of the neutralisationU5

signal gives the degree of neutralisation. Both methods give
measured on a network analyser and the change in phase of the
response of the electron beam to an external excitation is

L5 T l' A neutralisation without cooled ion beams. In this method, the



limit of the beam-drift instability.
investigation will be directed to increasing the upper current

restricts the use of more intense electron beams. The next

energies in the range 3-27 keV. The beam-drift instability

beams with beam perveances between 0.1 + 0.7 ILA/Vw and
about 0.8-0.95 has been reached for stable neutralised electron

energy proton cooling on LEAR. A neutralisation factor of

Neutralised electron beams have been used for the low
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