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ABSTRACT

The electron cooling device installed on LEAR is now an integral part of the machine
and is used to improve the beam quality and the machine duty cycle at momenta lower
than 309 MeVic. In this paper we will briefly describe the LEAR machine and the cooler
and then present the results of cooling experiments performed on a variety of ion beams.
The problem of instabilities in machines using electron cooling devices will also be
presented and finally we will discuss the future of electron cooling at LEAR.

1. INTRODUCTION

Electron cooling has proved to be an invaluable tool for obtaining high-quality beams of
ions at ultra-low momenta. Its full integration in the LEAR machine has necessitated a number
of major upgrades on the original design [1] and has enabled us to fully investigate the
problems of instabilities with strongly cooled beams. Moreover, a considerable number of
physics experiments at LEAR greatly benefit from the use of electron cooling which reduces
cooling times for deceleration to the utmost minimum.

2. THE LEAR MACHINE

The Low Energy Antiproton Ring (LEAR) at CERN [1] is a 78 m storage/stretcher ring
designed to deliver beams of extremely high quality to physics experiments in the momentum
range between 2 GeV/c and 61.2 MeV/c (Fig. 1). The essential features of the machine are
phase-space cooling for improving the beam quality and ultra-slow stochastic extraction with
spill times ranging from 0.5 hour to 3 hours. Fast extraction is also possible at low momenta
for experiments using Penning traps for precision mass measurements or for further
deceleration in an inverse radio-frequency quadrupole linac (RFQ). In addition to the extracted
beams, an internal gas jet target has also been installed in the machine working at momenta
above 609 MeV/c [2].

A typical LEAR cycle (Fig. 2) will involve the transfer of a batch of about 5x109
antiprotons from the Antiproton Accumulator (AA) which are then decelerated in the Proton
Synchrotron (PS) from 3.5 GeV/c to 609 MeV/c and then injected into LEAR. At injection the
beam is cooled using stochastic cooling for about 5 minutes before being either accelerated or
decelerated to the required momentum for physics. On the deceleration cycle the beam is held
on a series of fixed momentum ‘flat-tops' (309, 200, 105, and 61.2 MeV/c) for intermediate
cooling. At these momenta electron cooling is usually used in the 'pulsed mode' as it greatly
improves the duty cycle; this will be explained in chapter 3. During the ultra-slow extraction
process stochastic cooling is applied in order to maintain beam quality during the long
extraction, except at 61.2 MeV/c where only electron cooling is possible. Table 1 gives the
main characteristics of the LEAR machine.
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Fig. 1 - The LEAR machine
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Fig. 2 - A typical LEAR cycle



Table 1 - Basic LEAR parameters

Momentum range achieved 0.061-2.0 GeV/c (design 0.1-2.0 GeV/c)
Injection momentum 609 MeV/c

Spill length 0.5-3 hours and fast extraction

Focusing structure 4 super periods, separ. function BoODFOFDoB

Bending magnets: n°, arc length, max. field

4,65mB=16T

Quads: n°, magnetic length, max. gradient

16, 0.5m, k = 1.8 m2 (G = 12 T/m)

Betatron wave number

Op =2.315,0y=2.730

Vacuum system pressure

10-11-10-12 Torr

RF system frequency range (h = 1)

0.4-3.5 MHz (h = 2 below 100 MeV/c)

Aperture limitations

ap =170 mm, a, = 29 mm

3. THE ELECTRON COOLING DEVICE

( 2000 Usec. )

( 2000 Usec. )

1 Electron gun
2 NEG pumps
3 Pick-up station

4 Toroid chamber
with pump and diagnostic ports

S Central drift tube

6 Collector drift tube

7 Vacuum valve

8 Collector entrance coil 12
9 Solenoid
im
10 Repeller } —
11 Collector

12 Collector end coil

Fig. 3 - Theelectron tooling device

The LEAR cooler (Fig. 3) is situated at the centre of the third straight section of the LEAR
machine (Fig. 1) and has the task of cooling particles with an equivalent momentum up to 309
MeV/c (B =0.312). The electron beam is generated in an electron gun where it is accelerated to



the desired energy via four ring shaped anodes. It is transported in a solenoidal field and bent
into the cooling section by a 36° toroid magnet. After the cooling section, which is 1.5 m long,
the electrons are deflected by another toroid and are recuperated by the collector. The original
collector device came from the ICE set-up (Initial Cooling Experiment made at CERN in 1978),
but due to reliability problems was replaced by a much simpler design [3]. It consists of a
Faraday cup and a repeller electrode at the entrance of the collector which has the role of decel-
erating the-electrons before their collection. A vacuum valve has been installed between the col-
lector solenoid and the collector itself for the purpose of easy maintenance. This 'gap’ in the
magnetic field is compensated by a coil placed just before the collector entrance. Because of the
new collector, electron recuperation efficiency has improved by a factor of 10 and has enabled
the cooler to be used routinely for low energy operation.

The operational mode retained for use on the LEAR deceleration cycle is the so-called
'pulsed mode' [4], as described in Fig. 2. The collector and repeller voltages as well as the field
of the collector entrance coil are kept fixed throughout the cycle, while the correction coils are
ramped following the LEAR magnetic cycle. The accelerating voltages, applied to the cathode
and the anode, and the solenoid current are put on for 10 seconds on the standard ‘flat-tops'
which is ample time for cooling. In this way the solenoid does not perturb the beam during the
actual deceleration.

Using this method, the beam characteristics are greatly improved and some 15 minutes

can be saved when decelerating a beam to 105 MeV/c as opposed to using stochastic cooling.
Typical electron cooling parameters are shown in Table 2.

Table 2 - Typical parameters for electron cooling

Ion beam
momentum 116.0 147.0 308.6 --| 200.0 105.0 61.2

MeV/c/n)
Ton type 08+ os+ prp p/p p/p p/p

Electron
beam energy 4.12 6.22 27.2 11.78 3.27 1.1

(keV)

Electron A
beam current 0.305 0.150 2.4 0.640 0.094 0.019

(A)

Solenoid
field (G) 173. 216. 448. 293. 154. 90.

4. COOLING RESULTS

A number of measurements have been made in order to determine the efficiency of the
longitudinal cooling with the different particle types. Transverse emittances have also been
measured using scrapers or, when possible, using the neutral hydrogen channel. Finally cool-
ing times in the transverse planes were measured by observing the evolution of the Schottky
spectra during the cooling process [5].



4.1 Longitudinal Cooling Times

For this measurement two methods have been tested. The first consists in stepping away
the electron-beam energy via the high-voltage power supply and then resetting it to the opera-
tional value. One observes the longitudinal spectral density in a narrow bandwidth around a
harmonic of the revolution frequency. The spectrum analyser is triggered at the same moment
as the high-voltage step: In this way the time it takes for the beam to move back to nominal
energy can be measured and the cooling time can be estimated.

The second method is similar to the first but instead of stepping away the voltage, radio-
frequency (rf) noise is applied across a longitudinal gap at a harmonic of the revolution fre-
quency. The bandwidth and the power of this noise voltage can be adjusted in order to blow the
beam up to a momentum spread of about 1%. When the noise is switched off the spectrum
analyser is triggered and the evolution of the spectral density is observed.

Examples of the signals observed are shown in Figs. 4 to 7.
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Fig. 7

Figs. 5to 7 - Longitudinal cooling time measurements for protons, O3+ and 0%+ ions. The curves
show the time evolution of the longitudinal Schottky signal (which is proportional to
the square root of the particle density as long as the shielding effects (see chapter 6)
are negligible. The density increases when the heating noise is switched off. The
horizontal scale is 1s/div. in Fig. 5, 0.1 s/div. in Fig. 6 and 0.3 s/div. in Fig. 7.

4.2 Longitudinal frictional force

In order to determine the frictional force (from which the cooling time can be derived) yet
another method was developed. It is based on analysing the distribution in equilibrium between
a constant heating power and electron cooling at low relative velocities. The measurement was
performed in the following way. A rf noise with a bandwidth of 10 kHz and a power of 5
UW/Hz was injected onto a cooled beam at 13.126 MHz on a rf gap. This produces a broader
distribution of the momentum spread which can be increased or reduced by varying the attenua-
tion of the noise. To obtain the velocity dependence of the frictional force F(v) from the equi-
librium distribution p(Vv), one has to solve the one-dimensional Fokker-Plank equation for a
frequency-independent diffusion-constant D :



Pp_9(_ @)
> av( F(v)p(V)+DaV

In the equilibrium case dp/at = 0, the frictional force is determined by the normalised
slope of the distribution function:

D(9p/9v)

F(v)=
p(v)

The diffusion constant D is derived experimentally from an independent measurement of
the diffusion without the cooling force. Figure 8 shows the result of two measurements made
with 50 MeV antiprotons, one with aligned beams and the other with misaligned electron and
proton beams (angle of about 1 mrad). '
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Fig. 8 - The longitudinal frictional force F(v) as a function of v for 50 MeV antiprotons where v is the dif-
ference between the ion and the electron velocities. The filled triangles correspond to the measure-
ment made with aligned beams and the unfilled triangles to the measurement with misaligned beams.

4.3 H-,08+ and O%+ ions

The aim of the tests with H-, O%+ and O8+ ions was to obtain some idea of the lifetime of
different ions in a good vacuum cooler ring and to eventually test the cooling and the stacking
of ions [6]. With H- ions we found that the lifetime was greatly reduced under electron cooling.
This is probably due to intra-beam stripping where the loosely bound electron is stripped off in
a near collision with another H- of the same beam forming a neutral hydrogen atom which is
lost. The beam-intensity evolution measured on the circulating beam transformer with and
without electron cooling is shown in Fig 9. As a consequence precise cooling time measure-
ments were impossible even though the reduction in momentum spread was quite important

(Fig. 10).
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Fig. 9. Beam-intensity evolution of H- ions with (a) and without (b) electron cooling

REF 14.27 WV ATTEN 1008 REF 1427 W ATTEN 10dB
UNEAR ’ UNEAR
— —
CENTER 11.0831 Mhz VBW 10 Hz SPAN  200.0 kHz CENTER 11.0831 Mhz VBW 10 Hz SPAN 200.0 kHz
RES BW 3kHz WP 15 SEC RES BW 3kHz SWP 15 SEC
(a) (b)

~

Fig. 10 - Longitudinal Schottky scan of H- ions just after injection (a) and with electron cooling (b).
Horizontal scale: Ap/p = 2 x 10-4/div.



With oxygen ions we were able to make a series of measurements on the longitudinal
cooling time. The method used was that based on the heating by noise as described in section
4.2. Measurements with different momentum spreads and different intensities were made in
order to compare with the results obtained with protons and to check the A/Z? dependence of
the cooling time, where A is the mass number and eZ; the charge of the ion. The results are
summarised in Table 3.

Table 3 - Cooling times measured for different particles as a function
of initial momentum spreads and intensities

Initial AP/P Final AP/P Total cooling | Particle type | Number of
(10-3) (104) time (s) charges (10%)

3.5 6.0 0.600 08+ 5.8
2.7 6.0 0.500 08+ 5.5
1.8 6.0 0.350 08+ 5.2
5.5 8.0 1.90 0+ 10
1.7 8.0 0.700 05+ 10
3.3 9.0 1.10 0b+ 10
2.8 5.0 3.50 P 3

1.9 5.0 2.90 P 3

5.6 5.0 6.60 P 3

From the above table one might conclude that the A/Z;2 scaling law for the cooling time
does not completely hold. However, it must be mentioned that our measurements do concern
the time to reach the final equilibrium and not the e-folding time 7 o< B3Y5 A/Z2n, (where n, is
the electron beam volume density). We must also be careful in our interpretation of the ob-
served signals as many strange phenomena, such as an energy shift during cooling or the onset
of the double peak structure, give the impression of a longer cooling time. We should further
mention that due to the fact that the initial distribution is rectangular the cooling will naturally be
longer than in the case of a Gaussian distribution. Finally the parameters of the electron beam,
like its density and its alignment with the ion beam, enter critically into the comparison. These
parameters can easily vary from run to run. More work is needed to assess these questions .

4.4 Stacking of ions

Since transverse stacking in LEAR is impossible without major modifications, a longitu-
dinal scheme was tried.

The multi-injection of ions is performed in four consecutive phases. Figure 11 illustrates
the principle of this injection mode where the two LEAR rf cavities (CRF41 and CRF42) are
working respectively on the first (A = 1) and second (h = 2) harmonic of the revolution
frequency. This effectively means that the circumference of the machine can be divided into two
halves corresponding to what will be called the "injection bucket" and the "stack bucket". The
four phases are outlined as follows:
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Phase 1  Injection into the

“injection-bucket® of h = 2 injection-bucket
stack-bucket injection-bucket
injected beam

inj. kicker "'_'F‘—l_ kicker
delay stack-bucket injection-bucket

250 msj injection

hae?2
500 ms
voltage on RF cavity 2 (h = 2) <— one machine tum —
Phase2  Debunching and cooling
RF Voltage = 0 (
lon beam led

Phase 3 Bunchingon h = 1

/—-\ @
voltage on RF cavity 1 (h = 1) «— one machine turn —

Phase 4 Bunching from he1 10 ha2 stack-bucket injection-bucket

tor creation of the injection bucket
’

N .—— one machine tum —

F VRF Q
tack-bucket

Fig. 11 - Principle of the multi-injection process using two rf cavities

D

D@

1. The stack is concentrated in one of the 4 = 2 buckets (the stack bucket). The injection kicker
is triggered, synchronised on the rf cavity and delayed in such a manner that the injected
beam will fall into the injection bucket.

2. A few milliseconds after injection the rf voltage is reduced to zero and the beam is de-
bunched filling the whole circumference of the machine. Electron cooling, which is on
during the whole process, reduces the momentum spread and the transverse emittances of
the coasting beam for another 1.8 s.

3. CRF41 is then set on and bunches the beamon h = 1.

4. CRF42 is brought to its nominal voltage with the right phase so that the cooled bunched
beam is trapped within the "stack bucket" and the empty "injection bucket" is filled as in
point 1.

Using this method up to 14 x 109 charges of O8+ ions could be accumulated, the limit
being due to losses in the rf gymnastics. It was therefore decided to inject using only one rf
cavity working on A = 1, with a voltage high enough to contract the stack into a short bunch at
the stable phase and to inject a new batch on the unstable phase. The voltage is immediately
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reduced after injection, the newly injected particles are rapidly cooled by electron cooling and
the injection process can start again. The principle of the injection scheme is shown in Fig. 12.
In this manner we managed to rapidly accumulate 64 x 109 charges of O8+ ions and 46 x 10°
charges of O5* ions [7] from linac pulses of 2-5 x 108 charges .

Ehzsel  injection on the unsiabie phase

Phase? Debunching and cooling @
RF Voltage = 0 -
(o

fon beam cooled by electron-cooling

Phased Bunchingonhe1

vohage on RF cavity (h = 1) one wm
Fig. 12 - Multi-injection process principle with just one rf cavity

Due to imperfections of the set-up about 1% of the stack was lost during each injection.
This explains the saturation at a stacking factor of =100. For O%* additional losses due to
charge exchange with the residual gas (leading to a beam half life of about 200 s) introduced the
further reduction of the stacking efficiency.

5. INSTABILITIES
5.1 Observation of Instabilities

Transverse instabilities can be observed on both large bandwidth Schottky pickups, and
at low frequency with the position pickups. If a spectrum analyser is used to observe the varia-
tion in amplitude of an (n-q) sideband as a function of time, the instability manifests itself by an
abrupt rise in the amplitude. This is followed by a cooling period of about 1 to 10 seconds
(depending on the emittance of the beam after the instability) before the threshold is reached
again. In the simple case of a dipole type instability where the beam oscillates like a string, the
beam centre is represented by a travelling wave type of oscillation with an amplitude x(#) which
grows exponentially in time:

~

x(s,) = xoe"[("iq)wrtt(ns/k)]
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Here n is the mode of the oscillation and ¢ the non-integer part of the betatron tune Q(Q=I01+q)
At fixed azimuth a pickup will see the mode frequency @, = (n+Q)wy. We found that the low-
order, n < 3, slow waves (i.e. the n-g bands as opposed to the n+q "fast waves") were the
most ll)xlnstable at LEAR. Figures 13 and 14 show the typical signals observed when the beam is
unstable.

Fig. 13 - Transverse instabilities observed on a Schottky pickup. Time evolution of the density. The
height of the signal, near 40 MHz, is displayed and the instability (occurring at lower frequen-
cies) causes a large coherent oscillation' which smears out and leads to an emittance growth.
This growth leads to the jumping up of the signal .This blow-up is then compensated by the
cooling before the next burst of instabilities occurs. Horizontal scale 1 sec/div.

- -y
~ PR

o F0.C3 e
2. S8 3.0 ess

Fig. 14 - Transverse instabilities observed on a position pickup. The figure displays the spectral density
at low frequency near the 1-g band. This is one of the bands where the instability occurs. The
spike representing the beam oscillation jumps up with each burst of the instability.

5.2 The Causes of Instabilities

During the cooling process the beam density N/gpéve; increases and once it reaches a
given threshold the ion beam will become unstable and perform coherent betatron oscillations.
Under normal circumstances a beam will resist coherent instabilities by virtue of Landau
damping. A small difference in the oscillation frequency prevents the ensemble to respond
coherently to the driving force exerted on it by beam induced fields. However, cooled beams
are susceptible to respond coherently for two reasons:

1) the tune spread due to non-linearities and the momentum spread decreases,
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2) the induced fields, such as direct space-charge transverse fields, increase as the beam is
cooled down.

From the mode frequency we can define a mode frequency shift Aw, = *AQ @y, which is

due to beam induced fields, and a mode frequency spread dw, = (n+0)dw, * @, dQ, which is
due to tune and revolution frequency spreads. If the mode frequency shift has an imaginary
part, the oscillation can self amplify. As a rule of thumb we can say that the stabilisation of
transverse instabilities by Landau damping requires that:

|Awn| < (Y 7)|(n £ Q)dw, + 0,60

For the longitudinal plane the "Keil-Schnell criterion" states that the momentum spread
should be large enough to ensure stability namely, as a rule of thumb, the required momentum

spread is given by:
(g)z SAEZ 3
B Jrwnm 11

mic B3 yoln|’

where

Ze is the ion charge,

I; = NZf,, is the ion-beam current,

m; = Am,, is the ion mass and

Z is the longitudinal coupling impedance seen by the beam at nf; ,
n = (1/92)-(1/%,) is the off-momentum factor of the storage ring.

The contribution of space-charge forces to the ééupling impedance is about:

Z, -i3lg
—= —7— ohm
n ZBO 0

where the geometrical factor g is expressed by:

beam half - height a

chamber half - hc1ght) —142 ln( b)
a

g=1+2£n(

From these formulae one can see that the space-charge contribution dominates at low
energies .

The above-mentioned criterion for the transverse stability can also be expressed in terms
of a "transverse impedance” Z,. Taking only the momentum-dependent spreads into account we
can write :

mc® By Ap
Z, <aF Ze ROV » (ntQ)n+ Q|
where

F = a form factor of the order of 1,
R = the mean radius of the accelerator,
Q = the tune and

¢ = the chromaticity ({'= (4Q/Q)/(db/p));
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Z, is the transverse impedance, at the mode frequency (n-Q)f,, related to the longitudinal

impedance via Zy/n = (b%/R)(Z/In-Q). This is valid for simple structures but not for the space-
charge contribution to the transverse impedance, whosc imaginary part for a coasting beam is
about:

YA _Zy 377R

|" — Q| —TF(_T -7) Ohm/ meter

We can thus see how the electron cooling may contribute to the transverse instability since
during the cooling process a and Ap are drastically reduced.

Other contributions to the impedance come from the wall resistivities, the vacuum-
chamber size changes, 1f cavities, ferrites and dielectric structures seen by the beam. Hence the
importance of actually measuring the impedance. Section 6 is devoted to this subject.

5.3 Feedback Systems.

The feedback system (or 'damper’) developed to counteract these coherent transverse in-
stabilities consists of a pickup system used for the detection of the instability and a kicker
system placed at an odd number of quarter wavelengths of the betatron oscillation away from
the pickup (Fig. 15, and Ref [8]). The signal observed at the pickup is passed through a de-
skew buffer which generates a horizontal and a vertical position signal. These are then linearly
amplified, delayed and then put through a skew hybrid before being applied to the kicker plates
(Fig. 16). The bandwidth of the system is determined by the number of modes to be corrected
and the gain by the growth rate of the instability. In our case a band from 70 kHz to 70 MHz is
desirable to cover the first 20 modes in the whole energy range of LEAR. To maintain damping
during energy damping, a closed orbit suppresser (COS) has also been developed as this is
needed for suppressing the strong coherent signal observed when a bunched beam is not
properly centred in a position pickup.

Plckup

Beam

Amplifier

Fig. 15 - Principle of the tmns;/erse feedback system
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Fig. 16 - LEAR damper block diagram

6. IMPEDANCE MEASUREMENTS.

In order to perform impedance measurements the ion beam is excited , through a kicker,
by an electrical noise of a given bandwidth, and the response to this excitation is measured by a
pickup (Fig. 17). The ratio r = response/excitation is evaluated using a Fast Fourier Transform
(FFT) analyser. We have to distinguish the ratio, named 79, ignoring the coupling of the beam
with its surroundings from the measured ratio, r<, influenced by the coupling. In analogy with a
feedback system we can introduce an impedance Z to describe the coupling effect (Z; for the
longitudinal coupling and Z, for the transverse coupling).

Noise 40 - 60 kHz

A
N
A up - mixer
Excitation
90° — ™ -
modulation > l/
frequency

Kicker - signal

90°

Beam

[
¥ '4

down - mixer

Response * il /———-;—JTI‘J\i::—k-up

<~

down - mixer

Fig. 17 - Impedance measurement set-up
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It is well known [9] that the response 70 of a circulating beam to a sinusoidal excitation is
proportional to the dispersion integral D(w). In the longitudinal plane it is given by:

dw/dw,) | (w/owr) . 7oY(wr)
D(w =PV | ——dow =
(@)= J (@—-nw,) 2 (@-non) T now, 1or=(@rm)

with :
(] = the excitation frequency,
w(w, = the revolution frequency distribution, normalised such that fyde, = 1,
@, = the particle revolution frequency, with the average ay = 27f,
PV =the principal value of the integral and
n = the harmonic number.
Taking 0 as:

o_. N Ze
r =11-——2-——7w D(w)
" YoB2 mic* °

the beam transfer function (BTF) r<, in the presence of a longitudinal coupling impedance Z;, is
then related to response 70 by

@) (o)
1+Zur°(w)_ &)

r°(@) =

,

where §g) is the so-called "dielectric function” or "shielding factor". One sees that the above re-
sponse tends to infinity when Zyr%(w) = -1. This indicates that depending on the value of Z the
beam can become unstable. The limiting value for the impedance corresponds exactly to the
threshold conditions discussed in section 5.2 above. Figure 18 shows a plot of a computer
simulated BTF. This inverted response diagram in the complex plane or more precisely:

11
‘(@) (o)

+2

is shifted by Z; and the beam is close to an instability threshold (¢ — eo)when the curve
touches the origin. The determination of the impedance, and of the stability limits by analysis of
the BTF diagram is therefore of great interest [10]. The inverted response is also called
"stability diagram".

At LEAR, BTF measurements have been carried out with protons, O3+, and O%* ions.
Figure 19 shows the "stability diagram" 1/r¢ calculated from a BTF measurement with an O8+
beam. From the response 70, deduced from r< by shifting the stability curve towards the origin
by the expected impedance vector, the true frequency distribution of the beam can be obtained.
The frequency distribution can also be obtained through the Schottky power spectrum P¢(w)
which is modified by the square of the shielding factor €.

w(o/n) <|ef* P*()

A criterion for the exactness of the estimated Z;, is that the distributions obtained by the
two computations do fit (Fig. 20).
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Fig. 18. Computer simulated BTF. Fig. 19. Measured stability diagram for 5.8 x 1010
Re{Z/n} = -0.24m{Z/n}, f,, = 800 kHz, 03+ charges. The curve is shifted along the
AP/P =3 x 10% imaginary axis by the arrow because the
impedance is mainly capacitive
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Fig. 20. Reconstructed momentum distribution for the beam of Fig. 19. The picture on the left shows the
Schottky power distribution ,including the shielding factor, and on the right the true momentum
distributions obtained from the Schottky scan and from the BTF. The estimated impedance vector is:
Re{Z/n} = 30Q2, Im{Z/n} = -4.5kQ.
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Measurements made at different harmonics have shown a constant value of the imaginary
part of the impedance (Fig. 21),which roughly agrees with the space-charge contribution.

Hn

5.6

5.4

5.0

. 408

1,6

4.4

Fig. 21 - Im{Z/n} at different harmonics of the revolution frequency

For the transverse plane the dispersion integral is given by:

=i2_1_[w | M) 4y im(o,)

D)= 2QwoJ'(o mpsal Qo Wy -0

wp-_-w}

with:

ap = the nominal revolution frequency,
g = (ntQ)w, = the mode frequency.

The residue of this integral is proportional to Y(w) and not to its derivative as it is the
case for the longitudinal integral. A calculation of the impedance and the momentum distribution
has to include the impedance contribution due to the electron cooler and the feedback system.
The transverse stability diagram can therefore be used to check the efficiency of the transverse
feedback system. In Fig. 22 one can see the stabilising effect of the damper which shifts the
response curve away from the origin as the gain is increased .

More work is necessary at LEAR [11] in order to get a better signal to noise ratio in the
measurement and the addition of filters in the set-up (Fig. 17) will hopefully lead to an im-
provement of the measurement accuracy by suppressing the noise coming from higher

harmonics.
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0,0

Fig. 22 - Influence of the damper on the stability diagram. The shift
of the curve to the right indicates the stabilising effect.

7. FUTURES PLANS

For the future we are developing, in collaboration with INP Novosibirsk and CAPT
Lipetsk, a new variable intensity gun [12] which would significantly reduce the cooling time of
heavy ions. The gun uses two electrodes, one to determine the electron current and a second to
fix the final energy, in an adiabatic optics scheme. This means that its operation is greatly sim-
plified as there are only two electrodes to control and the magnetic field is fixed. Moreover, the
c}%ct.ron-beam intensity can be varied in order to always be in a regime where the cooler is most
efficient.

In conjunction with the project for the new gun, we hope to install a system for controlled
neutralisation of the electron beam. This would facilitate the efficiency of the gun when it works
on-line in the variable intensity mode.
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