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Abstract 
Some prcblems concerning basic: equipment 

c.~n.figLu*atiun and optimization of first-order 
optica: desiyi of large acceptance magnetic 
cll&%XrWl for separation of rad'oactlve nuclei 
!:OMBAS H-C well as calc111atlon and correctlcn 
15,' non1 i-lea!‘ \;eam distortions i1p t 0 the 
t,11 i 1-d c I-d 'I- are disc:.~sed in the paper. 

Introduction 

Hl.gh intensity beams jz~roducetd In heavy 
icn reacticn~ at medlwn energf.es offer unique 
~~~ss:it~ilj t,les f~,- !nvecfJ.gatLon of the states 
nnc? :: true ture c f nuclei. Coulomb exe-l tatlor:s 
:S.ritt nu: 1 rlLI1' ~~eactzt~nr. Hjgh-speed a~alyzir@: 
:-I‘ t:. 'L' t P,,!,<' t C' I- magic? t. : c c)1annel CClM3AS -i " 
.ric:, L‘ 1 gn e d t,o be us 0 d for expe7- 1 men t s wl. t11 
it?:-ivy j 3 'I;: trc'zelc'ratec! t-1 y the t and.em c f 
-yc 1 G., tt*>,n': iJ AOil :mti II-40CJM at the Laboratory 
I-U Nu1:1enl Harrc tion!;, J'TNR, Uubnn. The main 
-‘urr t. il,n:= I) :- i.hid ~h:irult~l iil‘i.2 Oollecti.nn, 
i,rrm:;port , analy.T!.c * and selection cf 
j>roduc':? ,r)f nuclear reactions. 

The program of experiments requires the 
;40llCWi~ properties of COMEAS channel: 

The ohsmel should accept ions with 
mngrie t i C' rigidity up to 4.5 Tm: 

- The channel should be achromatic. In the 
middle of the channel dispersion of the 
particler with different ma&met ic rigidity 
should be provided with resolving power being 
greater 1;h.s 4000. Installation of a thin 
degrader at this point should lead to 
separation of ions of equal magnetic 
rigidi+y. bui; different in mass (charge). 

- AngUal- and momentum acceptances of the 
chanr,el szculd be as large as possible taking 
into ac :cunt i,echnical and ecanomical 
proh l.ems . 

First-order channel design 

Numerjcal optimization of linear optics 
of the channel was performed usira computer 
p~~Og~3lll BETRAMF r.1 I. The layout of the 
lattice of the channel which mostly meets all 
experimerltal requirements is shi_?wn in 
Figur-e 1. 

The magnetic str;lcture of the channel 
possesses mirror symmetry with respect to the 
middle zf the system. The first part of the 
charlnel is an analyzing section. It contains 
two main bending magnets Xl and M2 ar,d two 
riddf tlonal ma.gze t .s X3 ana M4. This part 
collects particles. hends the beam at the 

total angle of 50° and produces dispersion of 
ions with different magnetic rigidity at the 
first focal plane. 

The linear optical properties of the 
system are mainly determined by the magnets 
Ml and M2. The effective focusing of the beam 
is produced by alternative gradient of 
magnetic iieid in these magnets. The field 
indices are n,gll and n2g-7. The envelopes of 

the beam as well as dispersion function are 
shown in Figure 1. The dispersion function In 
the middle of the system is parallel to the 
axis, so the ch-el is achromatic. 

The correcting dipole magnets M3 and M4 
form a system of parallel beam shift. In 
x-plane the total influence of these magnets 
on the beam is negligible. In y-plane there 
is additional focusing due to fringe fields 
iif the magnets. That allows us to make the 
eaxial beam envelopes at the second part of 
the system symmetric t3 the first one. 
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FIGURE 1: 
(a) Schematic view of COMBAS spectrometer; 
(51 Radial (x-1 and vertical (v-1 envelopes 
3f :he beam of ions with the nominal value of 
magnetic rigidity and dispersion function (D) 
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The resolving power of the channel is 
equal to 

~%=G/~M,d~)=4360, (1 1 

where 0~157 cm is the maximum value of the 
dispersion function. 1~0.36 Is the 
coefficient of image enlargement by the first 
part of the ChAnnel. and Ax:1 mm 3s the Input, 
slot width. 

The transfer matrix 3-f the total channel 
Is equal to 

r 1 0 0 0 0 0' 

HCI 1 
i As-’ A -2, -6 .& E 

=I o 0 0.16 -6e-2 0 
ii 

(2 ) 

1: : ; g ;-I:“] 

The angular acceptance of the COMBAS 
magnetic char;nel is determined by 
configuration of the poles of the magnets and 
vacuum chamber shape. The hor3zontal angular 
acceptance is about ?50 mrad and the vertical. 
one equals to +35 mrad. Momentllm acceF.tancc, 
of the channel. Is ~1'3%. 

Nonlinear correction:; -- -__- 
COMBAS ma.gnetJ.c channel is a uniqu~e 

spectrometer considering Its linear cpticLr 
parameters. To achieve these parameters it is 
necessary to stu&y nonlInear effects In l.on 
dynamics and to provide compensation of the 
beam nonL3near distzsrtions. 

In the studa of nonlinear distortions of 
the beams the mcst efficient method 3.2 2 
method based on aberration thecry [F--4]. In 
this method canonical transformation 0 f 
particle phase space var.IabLc::~ i:,- expl~+sse; 
as a six-fold Taylor expar.el on LL:) I ng the i-r 
inltla; t!nundal-y value:- : 

The &ve:tcl- X-ziz,...u6) T z(~,pcc,~,~ ,ir.9) 'r is 
Y 

a vector describ lng t11e location of a 
part lcle .in phase space. :t' 8 II . and ci Are 
radial. axial. and l?ngifudinal diup:aceccents 
of a t,ect particle fr0!ll the eqLiil3bi-ium 
particle. P,. P I and 5 are the canonical 

Y 
momenta. In linear approximation f~, and p 

Y 
are equal to the slope of the test trajectory 
with respect to the axis of the oharulel, 5 is 
equal to the fractional error in magnetic 
rigidity of the particle. 

When studylra nonlinear beam distortions 
we assumed, that the particles were uniformly 
distributed in the volume. vfhlch was definrd 
by tl;e following inequaliti.?,: 

2 2 2 x ttt <R . R=O.Z5cm; 

P", + P; < FL I' = 0.04. 

These inequalities correspond to the 
conditions of beam colllmatlon. The 
distribution on B was also assumed to be 
~mlform within the limits of *O%. 

The most dangerous for resvlving power 
Of the channel are effects driven by 
chromatic non1 lneas terms And spilerical 
aberrations proport I onal to Pz azzld Pp. 1x7 

linear approximation and initial phase space 
volume given by (A) the channel can separate 

ions with the 0.12% difference in momentum 
(magnetic rigidity). Nonli.near effects 
substantially reduce the XWSC~I.Ving power. 
That is why the most Important problem was 
correction of nonlinear beam distortions at 
the chroma',ic focal plane F--F' in the middle 
of the channel (see Figure 1). 

The aberration coefficients of the 
second- and the third-order 'were calculated 
using the CC~n:pUtel- program TOREX r61. 
Figure 2 ShOWS t1ie iriten.sil,y of 3 on 
distribution alc~t~p: n'--;ix i :: tit tl,e focal plane 
F-F' without any ci.>,'l't2<: t i on * Al 1 nonlineal 
effects artj taken in:c, aucount. The ma@;netli: 
Agfdity i> f I OIlLj ~'<,I~*~t-s&'orl.~;~ t ;: mcimer, turn 
er~'*rs 6-O aId ,0.3%. It Is wel.1 seen that 
.3belTcitii::n:~ smear tP.c distx-ibutiuil away iI1 
the dlr*cti;)r of lass values of z, so that 
the ions with different 9 overlap within 
1 arge in t erval . That leads to s:Lbstantial 
rc~Luce in resolving power. Thoro~~~h analysis 
shows tkln t the main 3nfluerlc~~ in beam 
&istortii?ns is gl VTH h:; t ht, foAlD7irJg 
.~:ei.7cnd-~~rite1- abel*?ation?.: !xlsp 1, 

ix,LF 1 
:L‘ 2. 

irIP;.), 
I. 1: / Jzl3 ) * ( I I ?I.,? I ari i ! I'1 T? 1. 1 t. I :‘ 

Y 
necessary -to cumpensate t,twcti at-:errat ions nr,t 
exciting aiu:othe~ .c M c LC n ;-' and tklir~d-ordel~ 
aberration?.. 

FIG'CRE 2: c 
.c-AXiS 1 Ml <1-I s? tri tx.Lt ion 31. th? F--" ' focal 
plane WI ti?i>LLt cor~r~notlo!~ 

1 i,id:'t, 
non1 inesr 

+: f f e c t s The magr.etlc - I? of i0n.S 

,::i,rresponds to momentum erro:-'s 8-C an3 %0.3%. 

Ccrrrctlorl of second-order aberrations 
i'an be achieved by Xl%aIlS elf zextupole 
tiomponen t being introd~~ced in the bending 
magnetic field. That can be done by magnetic 
poles shaping and ShimmiIlg (distributed 
sextupole component) as well as by curving of 
effective fl.eld boundaries which affects the 
beam as a thin sextupolc lens. It was decided 
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to introduce the sextupole component in all 
the magnets and to curve field boundardes of 
dipoles M3 and rfln . 

Calculation of optimum compensation mode 
was perfcrmed using LEAS52 computer code which 
implement regularizeci least square method on 
the base 3f partifive influence of each of 
the sextupoIe compcnents on the total 
second--order beam distorti.on. Soxtupcle 
r<cmpensation exe -1. tes third-order effects. so 
that octui>ole component was also introdTAcod 
In the magr~wt, lc field. 

Figrrc. 3 presents z-- ion distribution at 
t11e F-F' fxxil plane when second-- and 
thi r-d-order effects are compensated. The 
magn e t j (1 rigidity of separated ions 
corres~~onii to the value of momentum deviation 
6 : 0 and r0.1546. It is WC?11 seen that 
r-distribution became mo 1-e compact. If 
initial distrihutlon satisf.ies inequalities 
( ‘I ! the magrietfc cliannel CCMBAS resolves ions 
w I t h magne t i :: rig-ldtty dLfferrnce of O.lt:B at 
the central. pa"t 0 i mtmrn turn spcc trum and 
0.7 C32.5 at ti,)th ends. 
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FIGURE 3: 

::: I, :: i :. i .- II :iiatl-~but17n :i!. the? F-F' fozal 
1'1 L.:lt.s whc~r: ::*2.:ond-- imd thir? ordt?1. nor,l~.nea1- 
<,ffc-.r s ,. L YC ill L: 2c1m-;~ensated. The magnetic 
r1gld'ty :\f ii:rL? C~-W-~~pC-~lltl::~ !,'., rTiomen t un 
E'rl'irl"!; my, !? t\r>,.$ tlJ. , '2%. 

Flgul‘k! 4 ~Imw.~ z-- iifstrihut ton 0f ions at 
the exit &';llnt the 
achrom<~tic focus. 1 ens 
in wt thl11 t 1 i ,.= rarqc ? 6%, S~?xtupol e and 
~r.ctLL~~OIe c~~mpurirrlt~- of magnet -! c f 1 E' 1 d are 
simllhr at; t1.e both parts of the channel. 

~2OnClLLEiCln -~ 

Lc t u:i mmlmarize the main parameters of 
C,~:l;p$Zf , c?$~am~;;,ad;;l d mz;mk ac;z;,E;yg 

acceptance "' tlO%; maxl.mum magnetic rigidity 
e,, = 4 . 5 Tu ; resol"ing power '9tJiT43K. The 
total length ,~f the channel is about 10 m. 
The design pr3Ject of the channel I 9 
completed. Computation of 3D-magnetic field 
and full-scale beam dynamics simulation are 
underway. The f h-s t re sul t E show good 
agreement with aberration theory predictions. 

I.63 
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FIGURE A: 
J-AXiS ion distrib.Ation at the pain: of 
ach0-omatic focus I The magnetic rigidity 
errors of ions are within the range r68. 

There are different ways of further 
developmenf of the COMBAS channel. MiXTOl- 
symtm?tl->- of magnetic structure of the channel 
and beam optics makes it possible to use 
another such a channel after the first one. 
No matching quadrupoles are needed. So a 
double spectrometer channel COMBAS- may be 
constructed like double spectrometer DUO [6]. 
The resolvling power of COMBAS- will be 2.5 
t-lmes greater than that of DUO. That will 
produce more thorough mass separation of ions 
LIZ; t0 ~uranium with the help of degraders. 
Another way is to turn over the second part 
of COMBAS with respect to longitudinal axis. 
Such optical scheme doubles resolving power 
<If the channel c'&8'700 if As=1 mm). Compared 
to spectrometer SPEG+a [a], it can be seen, 
that the channel will provide almost the same 
resolving power, angular and momentum 
rcceptances. but the upper limit of momentum 
rigidity of particles will be 1.5 t lmes 
graat,er. 

Kef erences 

rl 1 M.G.Naaaenko, Preprint NIIEFA B-061 A. 
LeningFad. 1983. 

lz?l K.Broi%m et az.. CERN 80-04.-Geneva, 1980. 
i:i j K.Steffan, High Energy Beam Optics. 

New York: Interscience publishers. 1965. 
[4] M.G.Nagaenko and Yu.P.Severgin. Preprint 

NIIEFA B-0379. Leningrad, 1978. 
[51 M.G.Nagaenko. Preprint NIIEFA P-E-0665. 

MGSCOW: CNIIatomlnform, 1984. 
t61 Grunberg G. et al.. Nouvelle optique 

pour DUO. CG/MLM 380/88. 

171 Birien R., Valero S. CEA-N-2215. 1981. 


