Are solenoids more robust against errors?

Trying to understand whether one of the arguments in favor of solenoids is well-founded.

Positioning error

Solenoid entrance (hard-edge) transfer matrix® :
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The exit transfer matrix is Moy = M (—Ks).

2 similar to a thin skew quadrupole but My, = —Ms3

ifm vw X DXoXoXoX - XiXoXP,
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Trajectory kick due to a horizontal and vertical offset d, and 9,
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That is Az’ = —K0,/2 and Ay’ = K0,/2. If the solenoid is very short so that
Ax = Ay = 0, the kicks at the exit and entrance cancel each other.

ifm 2w <X XoXoXo X Xi XoXr,
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The kick due to a misaligned quadrupole is (thin lens)
Az’ = K0, and Ay’ = K¥J,

Angle error

The solenoid itself introduce a large coupling, but a roll angle around S8 has no con-
sequences for the solenoid, while it produces spurious linear x — y coupling for the

quadrupole.

ifm 3w <X XoXoXo X Xi XoXr,
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Solenoid transfer matrix

with

ifm v <X XoXoXo X Xi XoXr,
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The effect of the entrance of a solenoid tilted by —4’ and —5; is ?
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2assuming no offset at the entrance

ifm s <X XoXoXo X Xi XoXr,
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In addition, the effect of the center is
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Finally, the effect of the whole solenoid is
sin 1—cos
() (=\ [ kxe,-C5exs )
1 1 1
x’ x’ 50, + 5 cos xd, — 5 sin xé?’J
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In the limit x = K €; — 0 keeping the 1th order terms

r 1 / r 1 /
Aw — __Ks'€35 and Ay — _Ksesé
2 & 2 *

A tilt angle around & or ¢ produce no kick for the quadrupole, in thin lens approximation.

ifm o <X XoXoXo X Xi XoXr,
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As the size of the effects depend upon the strength, it is fair to compare for an equivalent

focusing effect. This means that a couple of quadrupoles must be compared to one

solenoid. For instance:

e 2 quads, £,=0.1 m K,= £72.1 m™?
e one solenoid £,=0.2 m and K,= 8.5 m—!
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Position errors:
ql __ _ sSql__
PS 5m — 533 =1 mm

e 0°=1 mm

x[m]'- solenoid

y[m]
X [m] - FOD

y

ifm o <X XoXoXo X Xi XoXr,
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Roll errors:
o 5q1:—5f:1 mrad (rotation around &)
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ifm o <X XoXoXo X Xi XoXr,
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