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Abstract

Some problems concerning basic equipment
configuration and optimization of first-order
optical desigr of large acceptance magnetic
channe. for separation of radloactive nucled
COMBAS as well as calculation and correction
of nonlinear bveam distortions up to the
third-ordsr are discussed in the paper.

Introduction

High 1dntensity beams produced in heavy
ion reactions at medium energles offer unique
poasibilities for investigation of the states
and structure of nueled, Coulomb excitatlons
and nuclear reactions. High-speed analyzing
spectrome ter magne tic channel COMBAS iz
deslgned to  be used for experiments with
heavy “ons  accelerated by the tandem cof
cycletrons U-400 and U-400M at the Laboratory
of Nuclear Reactlcens, JINR, Dubna. The main
functions  of the charnel are collection,
transport, analysis, and selection of
products of miclear reactions.

The program of experimente requires the
follewling properties of COMBAS channel:

The charnel should accert ions with
magrietlc rigidlity up to 4.5 Tm;

—- The chamnel =should be achromatic. In the
middle of the channel dispersion of the
particlesz with different magnetic rigidity
should be provided with resolving power beling
greater than 4000. Installation of a thin
degrader at this point should lead to
separation of ions of eqgual magnetic
rigidity,. but different in mass (charge).

- Angular and momentum acceptances of the
channel shcould be as large as possible taking
into account technical and economlcal
problems.

First-order channel design

Numerical optimization of linear optics
of the chamnel was performed using computer
program BETRAMF [11. The layout of the
lattice of the chamnel which mostly meets all
experimental regquirements is shown in
Figure 1.

The magnetic structure of the channel
possesses mirror symmetry wlth respect to the
mlddle of the system. The first pari of the
channel 1s an analyzing sectlon. It contains
two main bending magnets M1 and M2 and two
additional magnets N3 and M4. This part
collects particles, bends the beam at the
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total angle of 50° and produces dispersion of
lons with different magnetic rigildity at the
first focal plane.

The linear optical properties of the
system are mainly determined by the magnets
M1 and M2. The effectlve focusing of the beam
is produced by alternative gradient of
magnetic fleld 1In these magnets. The fileld
indices are n1z11 and n2§—7. The envelopes of
the beam as well as dilspersion function are
shown 1n Filigure 1. The dispersion function in
the middle of the system 1is parallel to the
axis, =0 the channel ls achromatic.

The correcting dipole magnets M3 and M4
form a system of parallel beam shift. In
z-plane the total Influence of these magnets
cnn the beam i1s negligible. In y-~plane there
1z additional focusing due to fringe flelds
of the magnets. That allows us to make the
axlal beam envelopes at the second part of
the system symmetric to the first one.

FIGURE 1:
(a) Schematic view of COMBAS spectrometer;
(b) Radial (z-) and vertical (y-) envelopes

of the beam of ions with the nominal value of
magnetic riglidity and dispersion function (D)



The resolving power of the channel i1s
equal to

R=L/ (¥ Ax)=4360, (13

where [=157 cm 1s the maximum value of the
disperslion function, #=0.36 is the
coefficient of image enlargement by the first
part of the channel, and Ar=1 mm 1s the input
glot width.

The transfer matrix of the total channel
1s equal to
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The angular acceptance of the COMBAS
magnetlc channel is determined by

configuration of the poles cof the magnets and
vacuum chamber shape. The horlzontal angular
acceptance 1s about 220 mrad and the vertical
one equals to 35 mrad. Momentum acceptance
0of the channel iz =10%.

Nonlinear corrections

COMBAS magnetic channel 1z a unique
spectrometer considering 1its linear cptics
parameters. To achleve these parameters 1t 1=
necessary to study nonlinear effects in 1on
dynamics and %o provide compensation of the
beam nonlinear dilstortions.

In the study of nonlinear distorticons of
the beams the mcst efficlent method 1z a
method based on aberration thecry [2-4]. In
this method canonical transformation of
particle phase space varlables 1sg expressed
as a sizx-fold Taylor expansion using their
initial boundary valuss:
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a vector describing the location of a
particle 1n phase =pace, 2, vy, and o are
radial, axial, and longitudinal displacements
of a ftest particle from the egqullibrium

particle, px. py. and & are the canonical

momexita. In linear approximation pm and py

are equal to the slope of the test trajectory
wlth respect to the axis of the channel, & ls
equal to the fractional error 1In magnetic
rigidity of the particle.

When studying nonlinear beam distortions
we assumed, that the particles were uniformly
distributed in the volume, whilch waz defined
by the following inequalitles
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correspond to the
conditions of beam collimation. The
distribution on 8 was also assumed to be
uniform within the limlts of *6%.

These Inequalities

The most dangerous for resolving power
of the channel are effects driven by
chromatic nonllinear terms and spherical
aberrations proportional to p_ = and py. In

linear approximation and 1nltial phase space
volume given by (4) the channel can separate
ions wilth the 0.12% difference In momentum
(magnetic rigidity). Nonlinear effects
substantially reduce the resolving power.
That i1s why the most important problem was
correctlion of nonlinear team distortions at
the chromatlc focal plane F-F' din the middle
of the channel (see Filgure 1).

The aberration coefficlents of the
szecond- and the third-order were calculated
using the computer program TOREX [&].
Filgure 2z shows the intensity of ion
distribution along z-axis at the focal plane
F-F' without any correction. All nonlinear
effects are taken Inio account. The magnetic
rigidity of lons  corresponds o momerntiun
errora $=0 and 20.3%. It 1s well seen that
aberrations smear distribution away in
the direction of le values of x, =so that

Yoo
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the dons with different 8 overlap within
largs Interval. That leads to substantlal

reduce 1in resclving power. Thorough analysis

shows that the main influence in beam

distortions 1s glven by the following

second-order  aberrations: !m\xpm}‘ (m)p;)‘
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necessary to compensate these aberrations nct
exclting another second- and third-order
aberrations.
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FIGURE 2:
s-Axis don ddstribution at the P-F' focal
plane wilthout correction of nonlinear
affects. The magnetic rigidity of lons

corresponds 1o momentuwn errors 8=C and *0.3%.

Cerrection of second-order aberrations
can  be achieved by wmeans of gextupole
component belng introduced 1in the bending
magnetic field. That can be dcone by magnetic
poles shaping and shimming (distributed
zextupole component) as well as by curving of
effective field boundaries which affects the
beam as a thin sextupole lens. 1t was decided
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to iIntroduce the sextupole component in all
the magnets and to curve field boundaries of
dipoles M3 and M4.

Calculation of optimum compensation mode
wag performed using LEASQ computer code which
implement regularized least square method on
the base of partitive 1influence of each of
the sextupole compenents orl the total
zecond-order beam distortion. Bextupcle
compenzatlion excltez third-order effects., so
that octupole component was also Introduced
in the magnetilc fleld.

Figure 2 presents z- ion distribution at

the F-F" focal plane when secornd-- and
third-order effects are compensated. The
magnetic rigidity of separated lone

correzpond to the value of momentum deviation
850 and +0.15%, It iz  well seen that
z-distribution became more compact. If
Initial distribution satlsfies inegualilties
(4) the magnetlc channel COMBAS resolves lons
with magnetlce rigidity difference of 0.15% at
the central part of momentum spectrum and
0.2-0.2% at both ends.
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FIGURE 2:

tributlion at the ¥F-P°

:ond- and third-order noniinear

1o i
when

effccte are compensated. The magnetic
rigidlty of done corresponds to  momentun
errors Ho0 and +0.015%,

Flgure 4 shows z-distributlon of lons at
thie exit point of the channel at the
achromatic focus. Magnetic rigidity of ions
iz wlthin the range +E%E . Sextupole arnd
cetupole components of magnetic field are
zimillar at the both partz of the channel.

Conclusion

Let us summarize the maln parameters of

COMBAS  channel: solid angle acceptance
CH.4010 7 steradlian; mazximum momentum

acceptance ~ £10%; maximum magnetic rigidity
Bp = 4.5 Tm;: resolving power MN=436C. The
total length of the channel is about 10 m.
The design project of the channel i=
completed. Computation of 3D-magnetic field
and full-scale beam dynamics simulation are
underway . The first results show good
agresment with aberration theory predictions.
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FIGURE 4:
r-Axiz 1on distribution at the point of
achromatic focus. The magnetic rigidilty

errcrs of dions are within the range +6%.

There are different ways of further
development of the COMBAS channel. Mirror
symmetry of magnetic structure of the channel
and beam optlics makes 1t possible to use
another such a channel after the first one.
No matchlng gquadrupoles are needed. 8o a
double spectrometer channel COMBAS-2 may be
constructed like double spectrometer DUO [6].
The resolving power of COMBAS-2 will be 2.5
times greater than that of DUO. That will
produce more thorough mass separation of ions
up to uranium with the help of dJdegraders.
Another way 1s to turn over the second part
of COMBAS wilth respect to leongitudinal axis.
Such optical scheme doubles resolving power
of the channel (W=8700 1f Az=1 mm). Compared
to spectrometer SPEG+a (8], 1t can be seen,
that the channel will provide almost the same
resolving = power, angular and momentum
acceptances, but the upper limit of momentum

rigidity of particles will be 1.5 +times
greater.
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