PS/DL/LEAR Note 81-3
Pp LEAR Note 93

10.2,1981

CHOICE OF A REFERENCE ORBIT INSIDE THE LEAR-MAGNET

W. Hardt
J. Jager

1. INTRODUCTION

DY

Consider a magnet half-quadrant. It is made up of three blocks
(central, inner, outer) which are positioned so that the centre of the

good field region is kept tangentiel to an orbit of p = 4,17 m, each

G
block having thus a length along the arc of % = {%—pc = 1,0197 m.

For two reasons this arc can not be an orbit :

i.) The outer block has an effective length larger than ¢ by Aiq

due to the fringing field.

ii.) At the junction of the two half-quadrants (i.e. in the centre
of the quadrant), a gap (of length g) was introduced by shor-
tening each central block. g produces an effective magnetic
hole of 2Ag, say, which is related to the total vertical gap

height H by

H
Ag = -

8 g _1 2.2
Q{ arc tg o 2 ¢n (1 + (ﬁ) )

Without further modifications the orbit would have the exzcessive

peak to peak excursion of

r=(/Z2-1) (a8, +Ag) =55 m; (b3 = AL_ = 66 mm)



2. SOLUTIONS

Various proposals are made in the following, in order to reduce
the peak to peak excursion T to smaller values (between 7 and 16 mm).

This is achieved by applying one or more of the following methods :

a) The outer block is shortened such that the magnetic length
differs by a new value A%, from 2, in particular AL, might be

put zero.

b) The bending radius of the central block is reduced by Apc causing
a maximum of the orbit deviation which forms together with
the minimum deviation at the centre of the quadrant, the
peak to peak value ;, Cases where this value is exceeded else-

where are not admitted.

¢) If the maximum is located in the central block (¢ 5_150), a
spacer of the same thickness is inserted in the median plane
of the inner and outer block as a means to increase their

respective bending radii Ps and P. (cases C, D).

If the maximum falls into the inner block (15° < % < 300) a

~
spacer is only foreseen for the outer block (cases A, B, B).

d) In all cases, the parameters Apc, Ago and ARO were deter=:..-.1
mined such that the orbit position at the magnet end remains
at the centre of the good field region (and is centred with

respect to the extreme values mentioned under b).

Each of the cases presented in table I is characterised by a
particularity mentioned under remarks. In addition, the following

statements are worth mentioning :

1) The bending radius in the central block is reduced by ADC < 0.
There is a loss of maximum momentum attainable given by

4p

= égc (see fig. 1).
P ore



2) The product of the peak to peak orbit excursion ¥ and the

loss of momentum is constant and given by

~ 2
s 0g)?

This, of course, is an important reason, not to prefer simply

the case with the smallest r.

3) The spacer's thickness Ah results from both P and P
Assuming that the flux density in the mid-plane of the yoke
equals that of the magnet gap, the spacer's action is doubled

so that its thickness is given by

Ah=-§—(§9-1)
c
4) Clearly as the length of the modified orbit differs from the
length of the geometric (naive) arc, (to which all comparisons
are referred), there arises a circumference difference AC which
is also found in table I. 1In order to re-establish the cir-
cumference, each magnet quadrant must be shifted towards the

centre of LEAR by AC/(4¢§3. The elements of the straight

sections move towards the centre by AC/8.

3. CONCLUSION

~ 3
As two examples, the orbit excursions for B and B are shown on fig. 2

as function of the geometric bending angle. Case B seems a good compro-
mise which does not need too much shortening of the outer block, nor too
big a spacer. The orbit excursion and the loss in maximum momentum

seem both tolerable.

For convenience in fig. 3 and fig. 4 the Twiss functions are shown

for case B (two working points valid on February 1, 1951).
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