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Glaser magnets used for focusing charged particle beams show appreciable aberrations. These 
aberrations can be reduced by making the magnetic field uniform in the median plane. This can be 
done by increasing the pole gap, which, however, reduces the focal power also. We have shown that 
a better way of improving the field quality in Glaser magnets is to taper the poles outwards. The 
saturation characteristics also are better in tapered poles. 

1 Introd uction 

Various types of magnets are used for foctlRing charg
ed particles in beam lines. Quadrupoles are exten
sively used for this purpose. Dipole magnets with 
rotated pole edges, or having field gradients also 
act as focusing elements. Another t.ype of focusing 
magnet which is sometimes used is the Glaser mag
net. Glaser magnets are ba."lically solenoidal mag
nets with iron yoke and pole pieces. These provide 
a strong axial magnetic field giving a strong focusing 
action on a charged particle beam. 

A number of Gla."ler magnets have heen used in 

using properly shaped solenoid fields [6]. The ad
vantage of a Gla.'ler over other magnets is that. it is 
a cylindrically symmetric magnet which focuses the 
beam in all the meridian planes. Also, it is com
pact in nature and one does not. require doublets. 
Obviously, a."ltigmatic errors are absent in a Gla."ler 
magnet. However, spherical aberration is large in 
stich magnets. These errors can be reduced by im
proving the field quality of the magnet. Not much 
attention appears to have been paid in this regard. 
In this work we have made an attempt to improve 
the field quality of Gla."ler magnets by shaping the 
pole pieces. 

the external injection line of the Electron Cyclotron 
Resonance (ECR) ion source at the Variable Energy 2 
Cyclotron Centre, Calcutta [1]. Two high power 
Glaser magnets are used in tandem to match t.he size 

Field in a G laser magnet and 
its improvement 

of the beam. Three other s!naller magnets are used 
in the vertical section of the beam line. The external 
injection line at KFA, Julich also uses stich magnets 
[2]. The low energy beam lines at LDL, Califor-
nia [3] and the Cyclotron Laboratories at MSU [4] 
and Texa."l A and M University [5] use these mag
nets for focusing and transporting the beam from 
the ion source to the cyclotron. Apart from t.heir 
extensive use in electron devices, solenoid magnets 
have other uses also e.g., t.he emittance degrada
tion of polarized H ion beams can be rpd lleed by 

The magnetic field in a Glaser type of lJlagnet ha.'l 
the general form [8] 

1'2 1'4 
8(1', z) = B(z) - 4B"(z) + 64l3IV (z) -.... (1) 

where B(z) is the field along the axis RIO a function 
of the axial distance z. Glaser [7] gave t.he following 
model for B(z) 

R(z) = BOz2 

1 + ;:;z 
(2) 
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where Bo is the field at t.he cent.re and a is the axial 
distance from the centre where t.he field falls t.o half 
its maximum value. The radial equat.ion ()f motion 
of a particle in the field is 

r=-e13zr1' 
2m 

(3) 

where l' is the radial distance. Focllsing will be good 
if the factor 13; is uniform with respect 10 r. How
ever, one can see that B contains t.erms with 1'2 , 

1'4 etc. Because of these terms the equation (:3) will 
take the form 

pole gap goes on increasing outwards (Fig. 1). It 
has, however, to be noted that it is not. possi hIe to 
reduce 13//( z) at all 7,. 

The effect. of tapering on the field can be un
derst.ood in the following way. One can visualize a 
nlaser magnet as a cylindrical dipole magnet, with a 
bore in the middle. Because of this bore, the field at 
t.he centre becomes less than the field at the periph
ery and this is what gives rise to a non-uniformity 
of the field in the median plane. It is easy to under
stand that when the pole is t.apered the magnetic 
pot.ential lines get modified t.o be denser ncar the 
axis and this leads to t.he radial uniformity of the 
field. 

and so there will be aberration due to the presence of 
Field calculation and results 1'3 and higher order terms. This leads t.o emittance 3 

growth also. So, generally one t.akes t.he paraxial 
Magnetic field has been calculat.ed by usillg t.he well 
known code POISSON for a cylindrical geometry. 

approximation in which one assumes that. the beam 
moves very near the axis and hence l' is small. But 
this limits the available aperture of t.he magnet and 
so the magnet requires a large ampere-t.urn. 

In this work we have taken a different. approach. 
Instead of limiting the radial dist.ance we t.ry to re
duce t.he term 8//(z) in pC]uatioll (:n, i.e., we make 
the longitudinal field 8(z) more uniform in t.he me
dian plane. This can be easily achieved by increas
ing the pole gap, but in this process the focal power 
of the magnet decreases. The focal power of a Glaser 
is proportional to the square of the field times the 
length. Increasing the length by a factor of 2 re
duces the field by about the same factor thereby 
reducing t.he foca:1 pow!"'r. W!"' have ll'ic'd t() reduce 
the term 13// in a different way. \Ve have done this 
by t.apering the cylindrical pole pieces so that tfw 

CONVENTIONAL NEW DESIGN 

-

-

Fig.!. Pole shapes in C07IVCl1tiOJ)(I1 ollrlll/odiFer! 

C'lasfCl' nuuJl1ci.s 

For comparing the variolls pole geometries, t.he mag
net aperture (5 cm) and t.he ampere-turn (15000 ) 
have been kept fixed. Calculations have been done 
for pole gaps of 3.6 em, 4 em, 5 em, () cm and 7 
em. By t.he t.erm pole ga.p we mean the minimum 
dist.ance between the poles. For each gap the t.aper
ing angle ha"l heen varied from 00 (no tapering) t.o 
around 1.10 . Fig. 2 shows the variat.ioIl of the mag
netic field as a function of t.he radial dist.ance for 
convent.ional nlasers (no t.apering). As is expected, 
the field becomes more uniform as the pole gap is 
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increased. It also shows that with t.he increasing 

pole gap the field decrea'les because of which the 

strength of the magnet decrea'les. A similar effect. 

can be seem by t.apering the pole pieces instead of 

increasing the pole gap. Pig. ~ shows t.he fidd uni

formity for various tapering angles for a fixed pole 

gap of 4 cm. The field uniformity is found to im

prove with the tapering angle. Thus we see that. 

pole tapering and increasing t.he pole gap hoth have 

qualitativel.y t.he same effed on the field uniformity. 

o 
-' w 
i;: 

C!I 
~ 
~ 

w 
z 
~ 
-' 
Il.. 

Z 
~ 

o 
w 
~ 

8 

7 

TAPER ANGLE 
(DEG) o 

1S.11 

28.1 
304.0 

~--31.1 

-----043.fI 

6 t-------------------------------- 04e.1 

5 
0.0 0.5 1.0 1.5 

RADIAL DISTANCE (em) 

2.0 2.5 
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the median plane with the J'adial distance for 
parious tapering angles. The pole gap is J, em. 

III order to decide which is more hellificial, we have 

calclllated the focal length for a 1 fi ke V dell t croll for 
various geollwtries. The focal lengt.h f for a part.icle 
of mass Tn and energy qV is gh'cn by [9] 

1 

.r 
(!i) 

Fig. ,1 shows t.he maXilIl\ll11 fidd deviat iOIl (Ilea,]' the 

maximulIl apert.ure) for variolls pole gaps and tap(~r 

angles. All tlH' CIlrVCS show tile s,lllle tn'lld of gd

t.ing Tllorc IIniform at higher taper <lngks. Bul at 
t.he same time the focal power also dC('J'("lses. The 
dutt.pd CIlrV(,S in Fig. 4 show thC' vaxiatioll ()f focal 

lengt.h as a fUllction of the' t apN allglc. (!iven a 
maxilllllTTl allowed field dC\'iat.ioll (fm <111.\' particu

lar applicat iOll) the t.aper angle and the p()le gap call 

he decided from l"ig. ·1. OIl!' call ha\'C' a part icular 
lllaXilllUIll fipld variatioll for various pole' gaps hut 

the lower gap (with a higher t.aper angle) will give 

larger focal power. This can further be seen from 

Pig. 5 where the focal length has been plotted as a 

fUllction of the maximum field deviation. 
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4 Discussions 

We have shown that the median plane field of a 
Glaser magnet can be made more uniform simply by 
tapering the pole pieces outwards. This rC'duces the 

aberrations in the magnetic lens. This is more effec
tive t.han increasing t.he pole gap because the focal 

power decreases more sharply wit.h t.he increasing 
pole gap than with t.he increasing tapering angle. A 
larger focal power (for the same NI) can be achieved 
by decreasing the pole gap and increasing the taper 

angle. There is, however, a limit to decreasing the 
pole gap. As shown in Fig. 5 focal lengths for pole 
gaps of 3.6 cm and 4 cm do not differ much. 
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It should be noted t.hat people have earlier used par
tially tapered poles in Glaser lenses [10,11,12] but. 
there the taper structure was used for reducing t.he 
saturation problem and no consideration was given 
to t.he field uniformit.y. 

We have studied the effect. of pole tapering on 
t.he magnet saturation also. Fig. 6 shows that mag
nets with untapered poles saturate more easily than 
those wit.h tapered poles. This is because the total 
flux through untapered poles is large. The efred. of 
pole tapering on the field deviat.ion and the focal 
lengt.h is more prominent. at higher ampere-t.urns as 
shown in Fig. 7 for NI=30000. It is dearly seen that 
as the t.aper angle increases, both the field deviat.ion 
and t.he focal length decrease. Thus it appears t.hat. 

t.apering of poles in Cla.<;er magnets should be re
comended. 
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