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Abstract accelerator, called “modified betatron”, was proposed by
N.Rostocker [3].

The particle dynamics of the low energy . In order to test the rr!edium energy elegtron
positrons and electrons in the storage ring witlgooling system based on modified betatron the design of

longitudinal magnetic field is discussed. Storing anguch a system prototype was started at Joint Institute for

acceleration is considered. Such rings are of interest fjjuclear Research (Dubna, Russia). The Modified

two physics problem of fundamental characterBetatron Prototype (MOBY) [4] is an electron induction

antihydrogen and positronium generation and electrdifCelerator with electron energy of 4.36 MeV and with

cooling of heavy particles in intermediate energy rang@ngitudinal magnetic field of 1 kG and additional
(of the order of several GeV). qguadrupole spiral magnetic field. The main goal of

The positron and electron energy lies in thé\/IOBY_ cn.eat_ion is to study the problems of particle
range of several keV — several MeV. The use of dynamicsinit. _ _
longitudinal magnetic field is very attractive for the beam  FOr generation of —antihydrogen —atoms an
focusing. In this case the stability of the beam can bNtiproton source (like the AA at CERN or the antiproton

provided with additional spiral coils. The acceleration ofUrce at FNAL) has to be supplemented by two small
the beam can be provided by using inductioRings —one to store low energy antiprotons and another to
acceleration. store positrons, respectively [5]. The first ring is a

The stability of the particle motion is determinedc‘?nventional strpng focusing storage ring for antiprotons
by competition of two effects - drift displacement insiddVith an energy in the range of 0.5 — 50 MeV. The second

the toroidal bending magnet and focusing action of thdnd for positrons with energy of 5-10 keV is proposed
spiral quadrupole coils. [5-6] to have a focusing system with guiding longitudinal

The upper limit of the beam intensity ismagnetic field and spiral quadrupole field. Such a

determined by longitudinal instability due to very smalf"@gnetic system is similar to the one used in a modified
momentum spread of the particles. betatron [1-2]. The description of particle dynamics in the

ring and first results of the numerical simulation of the
1 INTRODUCTION particle motion stability are presented here.

The traditional configuration of an electron
cooling system is associated with electrostatic
acceleration of a magnetically confined electron beam
and recuperation of its energy in a collector. At th&.1l Electron motion in the toroidal section
electron energy in the range from 1 up to 10 MeV the Taking into account the influence of the electron
electrostatic acceleration of the electrons can be providspgace charge, one can write the equations of electron
with various types of Van de Graaff generators, howevenotion in the toroidal section with guiding magnetic field
such a machine requires to solve serious technicBland bending transverse fiebgd:

2 THE PARTICLE MOTION

problems to realise this system. X' 1 1 Y X
To avoid the problems of a traditional electronyY’——+| ——-—|y=0, X'+=—-—=0,
cooling system and cool down the antiprotons at energy R g P T

of 8 GeV electron cooling system with circulating 1[5p é‘By]
p By )

electron beams was proposed in [1,2]. In this system th&= R
Recycler ring is equipped with an additional electron one,

electr(_)ns._The electro_n peam circulates in Iongituqin?#ajectoryx is the horizontal coordinat®=B/(1+y/R)is
(quasitoroidal) magnetic field, and the long term stab|I|t)(he guidir;g magnetic field in the toroidal sectigtis the

of the beam is provided with additional spiral coils, WhIChradius of the axial electron trajectory in the toroid section,

form a quadrupole magnetic field. Such a focusmgqgis the radial displacement of an electron relatively to

y

system is similar to the “stelarator” one. The accelerati e axial traiectoryB. = pc/eR+ SB. is the transverse
of the electron beam without the distortions caused by ! yBc=Pp x

system of linear accelerators is achieved by using §€nding magnetic field compensating the electron drift in
induction acceleration.  Similar cycling electronthe toroidal magnetss,is an “error” of the transverse

magnetic field, v is the longitudinal electron
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velocity,y =1/41-v?/c*, p is the momentum of 3 THE STABILITY OF ELECTRON

electron andgpis it momentum spreadyp is Larmor MOTION

radius: o=/ _eB is the electron cvclotron The stability of the particle motion in the section
- pEvia, ay=enm y modified betatron is related to two effects. The first one is

frequency, My IS Debye radius: 5 strong coupling between horizontal and vertical degrees
ry=vie,, ,=,27€’n,/y’m is plasma (Lengmoir) of freedom. This coupling appears due to spiral
frequency, is the electron beam density. quadrupole c0|I§. The _second one is a d|ffer_ence of the
The solution of the electron equation motion ir]f|eld geometry in toroidal and strglght section of th(_a
toroidal section is described by the formulae: betatron._ It produces the parametric resonances, which
have an island structure on the plane Gradient — Electron

y=ACoSQ;5+@)+A COSQ,S+@)+5-1,°/ (1+rd2/ RZ) energy (Fig.1). These islands of instability appear, when
_ AQ,sin(Qs+¢,) . A, SINQ,S+9,) two of four eigenvalueg of the betatron matrix either all
- p(l/ rdz —Quz) p@/ rdz _lez four eigenvalues become not equal to uni#j#1,
where O, Q,, are the “spatial” eigenvalues frequencie§:1’2’3’4' i _ _
o ) ] To avoid the resonances during acceleration one
of electron rotation in the toroidal section: has to change the quadrupole gradient or guiding

2 magnetic field faster, than electron energy. In this case
Q 2_1 i_ﬁé + 1412 1) 171 1 one can cross through the islands of instability faster than
v AR L r\R 12 an instability develops. The valuer, ~T/(n.G4)

+
2R 17 f Rty &) 1,
The constants, A, ¢, ¢, are determined from the Va|uescharacterises the lifetime of electron in betatron, where
M - number of supperperiods in

of electron coordinates and transverse velocities at i the revolution periodn,
toroidal section entrance. the ring lattice.

2.2 Electron motion in the spiral quadrupole
section -

The equations of the electron motion in thel
guadrupole spiral section with guiding magnetic field E

are the following [5]: i
y”—i—iz—g(ycosekshxsin(2ks)):0, 3
p 1o Bp s
x'+ ¥~ X G (ysin(@ks) - xcos@ks))=0,
P Iy 0 Energy, [MeV]
where G is the gradient of quadrupole spiral field, S
k=mz/h is the period of the quadrupole spiral cbilis 2 Gradient, [G/cm] 2

the length of quadrupole sectiom=1,2,3.. One can Fig.1. The electron beam instability islands for the
rewrite these equations using the complex valagtix. MOBY structure when one straight kicker sections have

The equation fou has the following solution: no quadrupole coil. 1I=0.1 A, B=1 kG
2 . iQ (2k+1/p)codQ,s) | .

us= Zan[sm(Qns)— o 5,02) Q) e*® + The modified betatron with an uniform quadrupole
n=1 n coil consists of two section: toroidal section with uniform

2 iQn(Zk +1/p)sin(Qns) s spi_ral quad_rupole coil and st_raigh'; section with the_ same
+Z7n COS(QnS)— = € uniform spiral quadrupole coil. This structure promises a

n=1 Q, good stability for the electron beam witii<10". The
where 0,0, are the “spatial” eigenvalues frequencies ofequirement of uniform for the spiral quadrupole coil
electron in the quadrupole section: along eIectrqr! trajectory is base point at'design of the
section modified betatron let us to avoid parametric

2 2 2 . . .
Q22:—1+i{[2k+1j +1]+‘/(2k+1j [l_l}{Gj resonances (Fig. 2). However, a design of MOBY with

r’ p) p p)\40" r?) \Bo the uniform quadrupole has a lot of technical problems.
~ k G 1
Q" =0, +kf+ Dot n=l2. 4 THE LONGITUDINAL STABILITY

d

) o The main limitation of the electron beam current is
The constants,, ,and y, , are determined from  the initial rg|5ted o the longitudinal motion stability, when very
conditions at the entrance of the quadrupole section.  gmall momentum spread of the electrons is required to
obtain a short cooling time. The momentum spread of the
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circulating electron beam is limited by well-known Keil- drift motion in toroidal sections. It increases at large

Schnell criterion: quadrupole gradient (Fig.2).
For typical parameters db=1 G/cm the angular
1 1 spread of electron at the energy of a few MeV in
N=——— magnetic field of 1kG is about 10 The choice of
7 T electron the quadrupole gradient magnitude is determined
At electron energy of few MeV the beam impedance  also by the values of the electron momentum spread and
Z, 1 Lo b errors of bending toroidal magnetic fieldB. The
— = > \/:(1+2|n—j reduction of the quadrupole gradient value leads to an
n 2,87/ &g a

increase of the amplitude of the transverse oscillations of
is of the order of tenth Ohms, where b anare the radii electrons (Fig.3). At the low level of the quadrupole

of vacuum chamber and electron beam. The transitigfiadient the aperture of electron beam is very high. At
energy for uniform betatron structure is determined bghe typical magnitude of the bending magnetic field error
frequency magnitudes of Larmor and betatron oscillationsg /B ~10” the electron beam size increases by 3 times at

[5]: G=1 G/cm.
_GR [Rn_ x, om
Ve B \ 4z 7
where 1 is number of spiral winding turns per ring &b
circumference. Therefore at the electron energy of a few S m .
MeV the electron beam with current of hundred mA can e 4
be stable, when momentum spread is larger tha® . 3
® m ., = L
“ o 2 L - - 0-7
5 THE ANGULAR SPREAD OF THE 1
ELECTRON BEAM ——0 i
The main parameter of electron beam, generated -5 -4-3-2-101 2 3 4 5
by electron cooling system is its angular spread. It should G, Gl/cm
be less than one of antiproton beam. In the case we

discuss the angular spread of antiprotons in the Recycleig-3. The dependence of horizontal coordinate on

is about 2-107*. The simulated angular spread of théluadrupole grgdri:nt for n;odified betqgrqn__ with
electron beam in the Recycler electron storage ring wiff2drupole sectior®-oB/B, ~10°, B-dB/B, ~10°, initial
orizontal coordinate %1.5 cm, B=1 kG, E=3 MeV,

longitudinal magnetic field of 2 kG also corresponds t
2.10°4 1=0.2 A.
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