[ cos(ks)  Lsin(ks) 0 x '[1-cos(ks)]
—Kksin(ks) cos(ks) -0 sin(k )
M = 0 0
1
—sin(x's) & '[cos(xs)-1] 0 1 0
.0 0 - 0 1
Weak magnet limit: ks << 1
(1 0 0 0)
MU, ()= D=9y D(-5)=| < O
Y2 bend,xt §)=LD\(—7 "2 bend,xt == 2] = _ kS 0 1 0
. 0 0 0 1,
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cos(\/E s)
VK sin(VK s)

cosh(\/z s)

Vk sinh(vk s)

£[1- cos(\/Es)]
- sin(vK 5)

Weak magnet limit: ks << 1

ﬁ sm(\/f ) thin
cos(\/f s) M,

Jrsinh(Vk s>) g
cosh(\/z s) -
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Edge Focusing

Top view :

Fringe field has a horizontal

field component!
tan( &)

Jo,
ytan(¢)=0 B ‘ ytan(e)
y=0 5 V1y=0

Horizontal focusing with Ax'= —x

B, =9,B,

y'==19.B, ‘y=0y tan(e)

: " tan( e

Ay =fy ds =B ytan(¢) =y (£) o 0
_ tan(¢) 1

Quadrupole effect with 7 = p
0 0

tan( &)
kl = 0 0
Y \

— —
— ~~

0 0)

0 0l

1 of°
tan(¢)

o 1/
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Cyclotrons with edge focusing

The isocyclotron with constant /
B.(r(E))

W, = mo)’(E)

- =
Up to 600MeV but )
this vertically defocuses the beam. —

Edge focusing is therefore used.
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\ ‘E }) Variation of Constants

Q 6
DED A,o

Z =L(s)Z + Af(Z,S) Field errors, nonlinear fields, etc can lead to Af(Z,S)
Zy =L($)Z, = Z,(s)=M(s)Z,, with M (s)d=L(s)M(s)a
2(s) = M(s)a(s) = Z(s)=M (s)d+M(s)d (s)=L(s)Z + M (Z,5)
(5) = 7, + (M DN GE)I) S
Z(s) = A_4<s>{zo + (M7 G (EE).5) dﬁ}

- y AN A 7= AN AN A Perturbations are propagated
=7, (5) +f]\_4(s—s)Af(z(S),S)dS fp P gt ,
o romstos
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Aberration Correction

LR B B B B e B |
"3 2 . w w . »

Quadratic in

w,(s)=wy(s)+ 4

sextupole strength

- -
L e e e e e e o
B et i RN T Y
AHMp s rrrprmpprmas e s es
L I I O R N A
.....
--------
.......
--------

2B cancels C!

Linear in

w, (8) = w,, () + C(S)wyw, +...

>+ 2B(S)Wy W, +2 et

solenoid strength
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1. Hexapole -

TRANSFER
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