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Introduction

The third stage of the_¢.w. electron accelerator
MAMI (Mainz _Microtron) '%’ ) (fig. 1) will have an
output _gnezgy of 846 MeV. This will be achieved in 74
turns with an input energy of 180 MeV. This accelera-—
tion of 9 MeV/turn corresponds to a magnetic field of
1.5412 Tesla in the end magnets. Because of saturation
of the iron the yokes should have the same field den—
sity. Therefore the area of the yokes has to be the
same as the area of the pole pleces.
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Fig. 1: Scaled scheme of the 3rd stage of MAMI

In order to save iron a configuration with a
semiclrcular pole piece and a half cylindrical yoke
would De the best. In case of the microtron magnets,
however, a good access through the yoke to the vacuum
chamber and a possibility to install a field control
is necessary. Therefore a H-C-maygnet configuration as
shown in fig. 2 should b the best compromise with
respect to the iron weight’ ‘.,

Fi1g. 2: Scheme of the H-C-configuration for the end
magnets of the 3rd stage of MAMI

For beam opticral reasons a good homogeneity over
24 Jarge reqion of the pole pieces is required.

For the design of those magnets numerical field
computatl 1ons are necessary.

Programs Used for Field Calculations

Three-dimensional field calculations were done by
W, Miiller and coworkers at the Technische Hochschule
Darmstadt by their program PROFI (program for field
raleulations ), This program uses a rectangular grid to
describe  the magnet geometry. It solves the Maxwell-
~quations by the method of finite differences.

Some modell calculations, the design of the re-
verse field stripe (for vertical focusing) and the
inactive clng were done by the two-dimensicnal pro-—
gram POISSON at GSI which uses a nonuniform triangu-—
lar mesh to solve the Poisson’s equation by a succes-
sive point over~relaxation method.

Results of Three-Dimensional Field Calculations

Fig. 3 shows the geometry of one half of the sym—
metrical H-C-magnet and the field distribution calcu-
lated by PROFI. The digstance between the lines of con-
stant field is 1%10 °. Large field gradients can be
seen egpecially near the edges of the pole pieces. The
field decrease over the region seen Dby the beam is
2.5 3. The largest gradient near the corners of the
poles is about 6*10 '/cm. This gradient cannot be cor-
rected by the surface coils sucessfully used for the
first and second microtron of MAMI. Therefore
additional shimming will be necessary.
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Fig. 3 One half of the H-C-magnet with the field map

computed by PROFI (distance between the lines
of constant field 1*10 °)

The distance between the pole pieces for this
calculation was 12 cm. New considerations showed that
10 cm will be sufficient for the vacuum chamber and
field corrections. However, the calculation shows
nearly the same field gradients for the reduced gap.

Fig. 4 shows a H-magnet configuration. In this
case the area of the yoke is obtained by enlarging the
back parts of the side yokes. These yokes will be made
by separate iron profiles formed like an "U". Fox
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Fig. 4: Geometry of the H-magnet and field map calculated by PROFI:

left half without gaps,
profiles

lowering of costs the surfaces between the yoke parts
sheuld  be roughly machined only. Hence there are gaps
of tbout 5 mm between the yoke profiles.

Fig. 4 shows the calculated field map without
(left part of the map) and with (right part of the
map) consideration of the influence of these gaps. For
the numerical calculation with PROFI the gaps were
taken into consideration by reducing the permeability
of the iron in direction perpendicular to the entrance
pole edge. In case of the isotropic permeability the
field gradients are nearly the same as in the H-C—con-
figuration. 1If the gaps are taken into consideration
the field maximum is no more in the midth of the mag-
net. Tt is shiftet to the round end of the pole piece.
This means that the gradient over the whole region
seen by the beam is now of about 3 % but the largest
gradient to be corrected will be the same as for the
H-C-configquration.

Nriginally the pole pieces were planned to form
separate parts which are separated from the yokes by a
Purcellgap. An evalution of the forces calculated from
the field distribution given by PROFI showed that the
pole pieces will be pulled by 80 kN in direction to
the reverse field stripe situated in front of the
magnet, giving important problems for the fastening of
the pole pieces. Therefore they should be integrated
to the yokes, In this case there will be one or more
gaps  parallel to the entrance pole edge through the
whole pole piece because the weight of each iron block
is  limited to 80 to (capacity of the crane)., A PROFI
raleulation shows  that  the influence of a gap of
0.3 mm is negligible for the field distribution in the
midplane .

Field Correction by Shimming

Theory

For shimming the following procedure can be applied:

The field gradients (fig. 3,4) are the result of the
Angle of the magnetic field lines to the pole surface.
Therefore the pole has to be rotated in such a way
that the 1lines are perpendicular to the midplane
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right half with gaps between the yoke

(fig. 5), For the transition of the field from iron to
ailr the following law of refraction is valid

tga = u tgpB.
Thus, 1in a first approximation, the pole surface has
to be rotated by an angle & and @ is changed to a+6.

The law of refraction is now

tg(a+d)y = 4 tghb.

If d<<1 it is given by

& = —=2o- . (1)

In numerical field calculaions the field components in

the iron near the boundary are known and the angle &
of the pole rotation can be calculated.
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Flg. 5: Shimming by rotating the pole piece in such a

way that the field line is perpendicular to
the midplane

In case of a measured field only the field com-
ponent  perpendicular to the midplane in the air is
known. Therefore another method for the determination
<»f 8 is required. From rot-g = 0 follows
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Assuming that the field gradient is approximately
linear

9By _ Byx
3y g/2
one gets
a
g - d 8B,

X 2 adx

Now the angle of the field lines in the air at the
boundary is given by

B g AB/B

t = X = = 2, 2

a8 =5 z hx (2)
v

In consideration of the change of @ to a+d one gets

tgd = B tgh.

This can be neglected because the influence is less
than 1 ¢ for B = 1.54 Tesla.

By this method the angle of the pole rotation
necessary for the field correction can be calculated
from a field map measured at the upper or lower pole
piece.

Results of Two-Dimensional POISSON Calculations

The two-dimensional calculations by POISSON show
not so large field gradients near the pole edges as
the three-dimensional do. Therefore the following re-—
sults of POISSON are only a test for the sucess of the
field correction using the shimming procedure de-
scribed above.

As an example a half of a H-magnet with a pole
piece which has the same size as the radius of the
MAMI 3 magnet was calculated. From this field distri-
bution the angle g of pole rotation was calculated
according to eq. (2) in the middle of each mesh. The
shims are then made by a polygon where the decrease
between neighbouring mesh points is given by 8.

Fig. 6 shows the field distribution in the mid-
plane of the H-magnet without and with shims and the
shape of the shims. The dotted 1line shows the ideal
field calculated for infinite permeability, the dashed
line the result for magnet iron.
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Fig., 6: Field distribution of a H-magnet with and
without shims calculated by POISSON

The Geometry of the Reverse Field

Each end magnet of the third stage of MAMI will
have a reverse field stripe in front of its pole
edge in order to compensate the vertical defocusing of
the fringe field. In opposition to the first and se-
cond stage of MAMI the active clamp 1is not fixed
magnetically at the yoke.

Fig. 7 shows the geometry of the active and in-—
active clamp optimized by POISSON. The mirror plate in
front of the upper (and lower) yoke is used to shield
the stray flux. Itg distance to the yoke is chosen in
such a way that the flux density which is needed for
vertical focusing in the reverse field is absorbed.
The reverse field coils compensate the part of this
flux which 1is ¢losed through the inactive clamp.
Therefore 1t has not to be closed magnetically. Be-—
cause this equilibrium of flux is labile there are
additional correction coils to produce flux in the
mirror plate if the amplitude of the reverse field has
+o be changed within a small region.

The distance between the mirror plate and the
yoke 1s strongly dependent from the magnetic charac—
teristic of the iron used. Therefore it must be opti-
mized at the accomplished magnet.
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Fig. 7: Geometry of the reverse field of MAMI 3
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