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1 Introduction

The quadrupoles for the SLS storage ring will have an aperture radius of

30mm and a nominal �eld gradient of 22T=m. There are three quadrupole

types with e�ective �eld lengths of 200, 280 and 350mm. The good �eld

region extends horizontally to �30mm and vertically to �20mm. This study

optimizes the pole shape to determine the best attainable �eld quality for the

given boundary conditions. The vacuum chamber design is the starting point

for this study. The results are very much dependent on the space available.

To accommodate the antechamber, the quadrupoles need to be made

in two separate halves mechanically connected together on one side only.

Su�cient space for the vacuum pumps has to be left on the open side. A

possible yoke geometry including coils is proposed.

2 Pole-tip pro�le

This study uses a pole-tip contour which is a smooth curve. The central part

is a �xed hyperbola. The ends are described by a cubic spline extending

smoothly from the hyperbola and passing through three points (Fig-1). The

end point is constrained to follow the tapered pole side. During the automatic

optimization process, the points are moved to obtain the best result.

The magnetic �elds are calculated using the POISSON 2D program. The

model for the rest of the magnet is highly simpli�ed (Fig-2) in order to be

able to perform the calculations in a reasonable time. Since the results should

be good over the whole excitation range, the �eld calculation is performed

both for real iron and also for iron with in�nite permeability. About one

hundred iterations were generally needed to reach a solution.

The criteria used to test the quality of solution is the RMS deviation of

the vector potential solution A as calculated with POISSON, from the ideal

quadrupole gradient G0:

RMS =
P

ellipse

fA� [�G0

2
(x2 � y

2)]g2

It is su�cient to take the vector potential on a set of points lying on an

ellipse that surrounds the good �eld region (Fig-3).
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3 Coil

Since the good �eld region is not symmetric, it is possible to cut back the

pole on one side without any loss of �eld quality (Fig-4). This allows the

use of a larger coil with less power consumption (� 15%). Each end is then

optimized separately. A symmetrical solution may however be preferable

because of other considerations such as forces.

The nominal pole-tip �eld is 6:6 kGauss. For the worst case we expect

� 2% saturation and another � 3% as a safety margin. The required exci-

tation is then:

NI � 1:05 � B0R0

2�0
� 80273AmpereTurns=pole

The coil is water-cooled with 21 turns wound in two layers. Hollow copper

conductor is used. The conductor cross-section is square (a = 8mm) with a

round cooling hole (d = 3:5mm). The expected maximum values for the sin-

gle quadrupoles are 395Amperes, 13:5V olts, 5:3 kW . Even the largest fam-

ily

(24 quads with Leff = 280mm) will not exceed 300V olts.

4 Pole-base and yoke

The pole base is tilted away from the mid-plane. This allows enough space

for the vacuum pump. The coils as shown could be mounted and dismounted

without having to split the yoke and lose mechanical stability (Fig-5a:d). The

pole-base asymmetry has no inuence on the �eld quality.

5 Results

The �eld for the full model with the complete geometry (Fig-6) was recalcu-

lated with the POISSON program using a �lling factor of 0:85 to compensate

for the end �elds for shortest quadrupole type.

The deviation from a perfect quadrupole �eld for nominal excitation is

shown in Figs-7,8a:c. The magnet is practically linear (Fig-9) and the �eld

quality is independent of the excitation level (Figs-10).
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6 Closing remarks

A comparison with similar quadrupoles from other light sources is shown in

Fig-11. We must not forget that, although the errors are very small on paper,

the actual �eld quality will probably be dominated by the tolerances. The

3D end �elds also remain to be solved.
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