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A new reuonanct extmction method is proposed for 

slow Ejection of electrons from circular machines. 
Betatron tunes are chosen 80 that the sepumtrir ir 
grcntsr than fh~. beam phase space. Due to ryn- 
chrotron radiation in case of pojilive mdial increment 
the Jepamtrix is open with slots in the cornera. Un- 
der action of mdiution electrons go out of the sepum- 
trig lhrough the slats and move along the asymptotes. 
The increment of betatrua oscillution cun be changed 
by wigglm, that make it possible to provide the de- 
aired czrfmction fine, anifornaifv and cmittance of the 
eztracfed beam. 

nance kv, = m + 6 are given by equations [3]: 

x = &KCOB#. ) 

Nnn1inea.r raona.nce ia common for slow extraction of 
ptiticlee from aynchrotrona. It le& to appearaXe of a 
&.bla region for oscillationa with the finite amplitndee and 
unabated growth of amplidnde for oscillation out of this 
wgion. At the ~ta.rt of elow extraction, when tune shift 
id 6 = 6,t, the beam fills the etable region, Switching on 
the. qnadmpola magneta reduces the tune shift 6 from the 
reeohahct! tune. Lu thin ctie the &able region is ahrinked 
down and a portion of particles goes out of this region, 
amplitnda of the pszticles oscillations increase, then par- 
ticles thrown into the septum-magnet and ejected outside. 
Ej:j:ictiorL of b new portion requires further shrinking of the 
stable region. Anguhr particle deviation z’, radial sepa, 
ratrir at the septum entrance, and accordingly, the am- 
plitude at the eeptum, the ejected beam intensity and the 
eFectivs emittace of the beam are changed continuously 
during the extraction time, 

However in eIectron machines the aynchrotron radiation 
in bending-magnets influencea the particles motion eesen- 
tially [I]. It ca.n cause the growth of radial betatron OB 
d!dohti amplitudetl and this natural effect can be used 
tn tmnsfer particles from the stable region to the nnatabIe 
rt$oll [Zi. The separatrix size will be constant in this case. 
It is a.llow to de.crea.ae the ejecting beam emittance, to keep 
the constant angular deviation of the particle beam at the 
aeptorr, entrs.nce during extraction time and to control the 
uniformity of beam. 

We have coneidered the inffnence of radiation on the 
exciting of wonance in [S]. By way of example let na 
consider the 3-order resonance 34 = m + 6, the tune shift 
ie6Cl. 

Parameters ( the amplitude and the angle) of the bet& 
tron motion of electrons in synchrotron nearby the raso- 

d = GJZ(‘(a, co0 OS + sin d+) , 

where CI, and PI are Twies parameters. The emittance E, 
and the phase & fit shortcut equations 

* = A - (L)E, - $IFmle?a sin(3d, - q F,) , (a) 

* = $ - fFmIr:‘a co8(3& - arg li;n) , 

where 

K = R,& m&s”+~-$“+r-3 R 3 t 

1t.1 = *P+-(yR~~) , 

F, = ~(PI)PI~BIjfae-9i~-'m~lR-) , (3) 

ru=&, A= 11 
wt.2 f 

if) = (I(*)) = jr;“ii- .ffrRD f(8>d8 1 0 

X ia the periodic part of the Floquet function phase. 
The eyetem of equations (1) takes into consideration the 

joint influence of regular qnadric nonlinearity of the mag- 
netic field exciting the resonance 31~~ = m + 6 and the syk- 
chrotron radiation. In ffrat equation item A determine*1 
the growth of the radidl orrcillation amplitude under the 
action of quantum ffuctnatlone. The second item corre- 
sponding classical part of the eynchrotron radiation de- 
termines the damping of radial oscillation with the decre- 

ment 7 = 2/(c(&)) if it ia positive or the antidamping if 
it is negative. In the absence of the radiation (A = 0, 
(64 = 01, th e B B em of equations (1) describer; the reb~- Y t 
nance 3~~ = m. In this case the phase space can be split 
into a stable inner region and unstable external region sep- 
arated by separatrix. 

The inclusion of radiation influence cauncd the unntable 
motion over the phase apace including the region of finite 
amplitudes on retention of characteristic resonance strut- 
ture. If (tE) < 0 the centre of the phase space ehould 
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he the fixed point of unstable focus type. The separa 
kix is disappear, quasleparatrix Is formed. Slots appear 
in mgia of the chamcteriatk triangnk, ffg 1. Particlea 
are kept in ar~la,tnl flow from Ilte inner region outward if 
(&) < 0 or inward from the external region if (El) > 0. 
The coefficient A is aJways positive, and quantum effects 
lead to the amplitude growth of betatron oscillations. If 
the energy of particles is low this influence is insignificant. 
The rsdiation growth is commonly attempted to damp by 
changing (is) value by means of special damper machines 
( wigglers or ondulatom), so that the amplitude of radial 
osciuations wil.l not increase and even decrease. However, 
the radiation growth may be used for ejection of parti- 
CIZS tuning damper machines properly or switching them 
off. Then at constant tune shift 6 the particles will flow 
through the sIots in quwiaeparatrix from inner region out 
to the region of fact amplitude growth, be catched up by 
the resrini~nct and ejected. Ejection takes place at con- 
stant quasiseparatrix. Thus the ejected beam passes into 
scptnm at constant angle. The width of sIot is determined 
by A and ((.) valuea may be made emaIl. In this case 
th- L cjcctcd beam cmittance wIII be modest. Nonlinear 
resonance is required to form the stabIe region of small 
ampIitudca and to provide fast increase of osc.iIIatione on 
amplitude of particte caught in the unstable region. 

IX’ 

chosen 80 that aU particles are in the stable region. For the 
higher-order resonance the lenses of greater multipolktit~ 
are required. To pmvide slow extractlou damper machines 
are switched off or powered in uuch a way a~ to u.chieve u 
amplitude growth of osciIlations. As a result, particles are 
kept in constant flow through the slots in the qnasisepara 
trix in the region of the fast amplitudes growth, The tune 
shift 6, the sine and orientation of qnasiseparatrix are hdd 
because of the fixed operating mode because of eextnpoles 
and quadrupoles throughout the slow extra&ion. 

The offered method of the slow extra&ion can be re- 
alized for any electron synchmtmn or storage ring. We 
cut we it most efficiently when energy of electrons is most 
higher. 

The scattering of particles (for example, protons) from 
residua.I gas of accelerator ie aleo the statistical process, 
and, with resonance, betatron oscillations of particles are 
to be deathbed by equations which are similar to equations 
(1). Therefore, in this case, too, there Is the qaasisepara 
trix. PartIcIes will flow throngh the slots in the region of 
the fast amplItudea growth and can be ejected. 

In concInsion it may be note that elow extraction with 
constant separatrix having another mechanism of partIdes 
ejection from stable region to unstable region considered 
in [4]. 
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F-&l. The qu&eyaratrix of the resonance 3~~ = m. 
e ia the ejected beam. 

A practical realization of the method of slow extraction 
is carried out as follows. Damper machines prevent beam 
particles from being excited with the high amplitude at the 
a.I.I time of the acceleration. The resonance, for example 
3v, = rn: is excited by sextnpole lenses, and tune shift is 
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