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Abstract about 1 Hz, and the electron beam circulates in the ring
after acceleration up to 1 sec.
The use of an electron cooling system with a The general parameters of the MOBY (Table 1)
circulating electron beam permits to avoid the problem€re chosen close to requirements of the electron cooling
of a traditional electron cooling system and cool down thayStem at the Fermilab Recycler [3]. Table 1

heavy particles in a few GeV energy range. Particularly, .
such a system can be applied to the antiproton Recycler apeneral parameters of the Modified Betatron Prototype.

Fermilab (antiproton energy 8 GeV). In this case the_ Ring parameters
Recycler ring is to be equipped with an additionafircumference, m 18.28
electron one, which is periodically filled up with newLongitudinal magnetic field, G 1000
portion of cold electrons. The electron beam circulateq iMajor radius of the toroids, m 1.45
longitudinal (quasitoroidal) magnetic field, and the longBending magnetic field, G 1.75-124
term stability of the beam is provided with additionalGradient of the quadrupole 1-2
spiral coils, which form a quadrupole magnetic field. Jrmagnetic field, G/cm
the straight section, where the electrons cool thglectron beam radius, cm 1.5
antiprotons  this quadrupole field is absent. Th®esidual gas pressure, Torr 40
acceleration of the electron beam without the distortigns Electron beam parameters
caused by RF system of linear accelerators is achievefi by At injection After
using of induction acceleration. Such a ring is similar|to acceleration
Ehe mod|I|ed betatron and its modification call UEnergy, keV 10 4360
stellatro_lphé main limitations of the electron coolin Current, A 0.1 0-5
in_iimrations NY Pevolution period, nsec 300 60

system based on the modified betatron are discussed.rF+he -
Acceleration cycle

general parameters of the modified betatron prototype - -
designed at the JINR in order to test the medium endrggduction voltage amplitude, V 50
electron cooling system are presented. Repetition frequency, Hz 1
Cycle duration, msec 10
1 INTRODUCTION The circumference of the Recycler cooling

The electron cooling system with Circulatingsystem has to be longer of the MOBY circumference -

electron beam based on the modified betatron Wffout 120 m. MOBY can be upgraded to full-scale

proposed in [1,2] as a possible way to avoid the proble ectron cooling system in the electron energy range ofa
of a traditional cooling system at medium electro ew MeV by addition of several sections of straight

: " ; olenoids, which are of the length of about 1 m.
energy. Main peculiarities of this system are thé The lower limit of the focusing longitudinal

following: the use of the longitudinal magnetic field for tic field in the elect 14 is determined by t
an intense electron beam focusing and spiral quadrupcg'ﬂ—ff"gne Ic field in the €lectron Ting 1s determined by two

coils to provide the long term stability of the drift motion(’fond't'onsz the electron drift velocity (in the crossed

of the electron beam, induction acceleration of thflelds of the electron beam and the solenoid) is to be

electrons. In order to test such a system, its prototyﬁ@aller than the electron thermovelocity and Larmor

called Modified Betatron Prototype (MOBY) was radius of the electron transverse motion is to be smaller of
designed at the JINR. The main goal of the MOB\Fhe distance between electrons - so called condition of the

creation is to study the particle motion dynamicsf"IeCtron magnetsation [4]:
For Recycler cooling system, where the electron

including electron injection and extraction, induction . o
acceleration of the beam and its stability. temperature is to be af ~ 0.2 eV, these conditions are

very modest: at electron current of 2 A the magnetic field
value has to be higher than 200 G. However, to prevent a
heating of the electron beam by the field distortions at
junctions of solenoids of different geometry (straight and

electron induction accelerator at maximum electrofysiqal) so-called adiabatic condition is to be satisfied:
energy of 4.36 MeV with longitudinal magnetic field and2np << L, where27mp is the step of the electron Larmor

additional quadrupole spiral focusing field. The electrog iral,L is characteristic length of the distortion, which is

acceleration is provided by the betatron inductor, which i . L ;
supplied by the current pulses of the duration of 20 msegpproxmately equal to the solenoid diameter. From this

The repetition frequency of the inductor current pulses ?;?érg[)fgew the magnetic field value of several kG is

2 GENERAL DISCRIPTION
The Modified Betatron Prototype (Fig. 1) is an
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The period of the electron circulation is Taking into account all these effects one can write
restricted by the process of the thermorelaxation betwedime equations for electron momentum p(t) and orbit
the “hot” ion (antiproton) beam and “cold” electron oneyariation during acceleration:
and for the Recycler parameters is about 1 sec [_1]. dp - _ EV(t)

Vacuum conditions in the electron ring are— =eE(t), E(t)= ,
determined by electron beam heating in multiscattering!t C
on residual gas. At the electron beam angular spread _ 1o
10°, multiscuttering characteristic time is of order of (O==<> '

, c ot eR(t)
several tens of msec at residual gas pressure 'PEaer. . ) i
This value is long enough for testing of the acceleratioffneré E(t)is the averaged over the orbit acceleration
process, but the residual gas pressure has to be less thiaetric field,2V is the sum of inductor and bending coils
10" Torr to keep the electron beam quality duringsoltage, C is the ring circumferenc®, is the magnetic

R(t)= X0 @

cooling process. flux through the particle orbit produced by inductor and
bending coils,R - the major toroid radiusB(t) - the
2 WORKING CYCLE bending magnetic field in the toroids. Requiring

Bending field in the toroids is produced by twoR(t)=R=constone has:
kinds of coils — the first ones operate in the continuogB _ c dp
mode operation, the second ones — in the pulsed modg ~ cRr gt (2)
one. The permanent bending field cqrresponds to t’%mbining (1) and (2) one obtain
maximum electron energy. The alternative magnetic fiel
has direction opposite to the permanent one. The coils = LZV , that give us
the alternative bending field and the coils of the inductodt ~ RC
are fed with the same power supply which operats in the c !
pulsed mode. B(t) =By +—J’ZV(T)dT =

Working cycle of the Modified Betatron RCo
Prototype includes the following steps: 1
1.Current pulse excites the magnetic field of the inductoPinj —R—C(cb(t)—cp(O)), 3)
and bending field coils. On the front slope of this pulse
the voltage at the acceleration gap is negativ\g:/here B
(decelerating), the sum value of the bending field in n
toroids decreases to zero. field at injection.

2. On the back slope of the inductor current pulse the  For instance, if the particle orbit is chosen so that
voltage on the acceleration gap changes sign and thending field flux is equal to zero and the inductor flux
bending field in the toroids increases. When the bendingies in time as®, 4 = ®,., sinat, then the bending

magnetic field corresponds to the electron injectio . .
energy, the positive voltage pulse, applied to the grige'd: according to the equation (3), has to have the
rq_,lowmg dependence on time:

electrode of the electron gun, starts the electron be

pinj c

is the value of the bending magnetic

generation. The electron beam is injected into betatron bE!(t) =B, + P, Sinat _ (4)
the drift in the field of special kicker coil. RC
3. When the ring is filled with electrons, the kicker isThis requirement is satisfied, when the bending coils and
switched off. inductor are fed with the same power supply.
4. The electron beam acceleration is provided during the The electron kinetic energsft) increases in time
back slope of the inductor current pulse. at acceleration in accordance with the following:
5. Between two pulses of the inductor current the n(t)
accelerated beam circulates in the ring at a constapft)= z En s
energy. n=o0
6. On the front slope of the next pulse of the inductor -
current electron beam is decelerated. After that, the kicke(t )= ot B 1 =g +V COSPy , (5)
pulse displaces the beam to the collector (beam dump). hrel)T  Pns1r =Pn +Wley (1)

4 ELECTRON ACCELERATION AND whereT_(t) = C/v(t) is the revolution periodew is the

ELECTRON BEAM QUALITY frequency of magnetic fields variation (see (4))is the

The acceleration voltage generated by inductor @,ccelerat!on voltage phase at when electron crosses the
to be applied to a gap in vacuum chamber (ceramgcceleration gap. _ _ _
insulator). Bending magnetic field in the toroids has to The numerical solution of the equation (5) gives
correspond to electron momentum during acceleratidtf the acceleration voltage amplitude for chosen final
cycle. Alternative magnetic flux through the electron orbikinetic energy. Injection phase is determined by bending
produced by bending coils generates additional electrf8agnetic field that corresponds to initial energy. So, for
field, which also influences on the particle longitudinakv=2 50 Hz, ande,, = 4.36 MeV the acceleration voltage
motion. amplitude is about 50 V.
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The energy spread of the accelerated electron beammsgnetic field increases with particle energy and at fixed
caused particularly by variation of the accelerationalue of the focusing gradient the working point crosses

voltage during revolution period, it is equal to: the resonance “islands”. This problem can be avoided by
_ oV o using a “fast” electrostatic spiral quadrupole focusing
Ae = e(ETrev Jini _e(ETrev Jeject (6)  electrodes, which are placed inside the vacuum chamber.

. . . In this case the gradient of the focusing field can be
hereVis the accelerating voltage. Wh¥RVsin(w) and  ,herated during acceleration to avoid gthe resonance
initial a‘?d final phases of electron acceler_atlon ar€onditions. When the particle motion is stable, the angular
symmetrically placed around the voltage maximum, the, o4 js determined mainly by the value of quadrupole
relat|v1_a energy spread of _electrons after acceleration C@ dient and errors of the bending magnetic field, and its
be estimated by the following formulae: value is of the order of magnitude of 1 mrad [5].
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Fig 1. The assembly drawing of the Modified Betatron Prototype: 1. extraction kicker, 2. septum, 3. injection kicker, 4.
toroidal sections, 5. betatron core, 6. electron gun, 7. electron collector, 8. cooling section.
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