Problem Set 2 Tuesday June 17, 2003

Problem 1:
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Figure for problem 1

la) The figure shows a 3 corrector bump. Draw the beam trajectory shown in the figure in the phase space coordi-
nate plane x, X’ assuming the phase advance between correctors is <m /2 and > /2 . Label the axis and the rele-
vant phase advances.
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1b) Derive the bump height x,_ at the center of the corrector 2 in terms of the twiss parameters for correctors 1 and
2. A\le = \P2 - \Pl = —Al{llz N AlP?)z = lP3 - \P2 = —A\P23 , A\P31 = \P?) - \Pl = —AlP13.

Answer: x,_ = Axl’(BzBl)l/zsin(A‘le).

1¢) Derive the bump height x,. at the center of corrector 2 in terms of the twiss parameters for correctors 2 and 3.

Answer: Xy, =-Ax3 (B3By)*sin(-A¥,3) = Axy'(B3By) ! *sin(AV¥3; ).

1d) Derive a formula for the required kick Ax, for the middle corrector to close the bump in terms of the kicks Ax;’

and Ax3’ and twiss parameters shown in the figure. Simplify your formula as much as possible.

Answer: Axy’ =dx,/ds - dxy/ds | s = o)



dx,/ds | (= 2= (AX1 /2) (dB(s) / ds) B/ B(s))2sin(¥(s) = ¥1) | (s = s2)+ AXg (B1B(s)"/? cos(¥(s) — 1) (d¥(s)
/ds)| (s=s52) =

—ay(B1/ B)2sin(AW,; ) Axy + (B1/ By)Pcos(AF, ) )AX,

dxy/ds | (5= 52y = (Ax3/ 2) (dB(s) / ds) (B3/ B(s))"sin(¥3 — V() | (s = s2) + A3 (B3B(5))* cos(¥3— ¥(s)) (-d'¥(s)
[dS)| s=s2)=

—ay(B3/ By)2sin(A¥3, )Ax; — (B3/ Ba)!2cos(AP35)Axs

Xp+ = Xy = Xy => Axl’Bl v 2sin(A‘P21 )= Ax3’B31/ 2sin(A‘I’32 ) (Use this to eliminate Ax3’ in the previous equations
and solve for Ax,’. The terms with o, cancel.)

Axy’ = (B1/ Bp)2cos(AW,))AX, + (Bs/ By)!2cos(AW5,)AxX; .

le) Use your answers to 1b through 1d to derive equations relating the required corrector kicks to each other to keep
the bump closed. Simplify your formula as much as possible.

Answer: Combine equations derived in 1a and 1b.
Axy B V2sin(AW,) = Axz B3!/%sin(A¥5,) (Eliminate the kick Ax;)

Axy’ = Axy (B1/B2)2cos(AF;) ) + Axz (B3/B) eos(AW3, ) = Axy (B1/B2)2cos(AF, ) + (Ax; B sin(AY,; )
cos(A¥3;)) / (B,'sin(AW3))).



sin(A¥3,) cos(AY, ) + cos(A¥53, ) sin(AY,; ) = sin(A¥5; ) =sin(‘¥5 — V).
Rearrange and simplify:

Axy B2 1 sin(AW¥5,) = Ax,’B, "2 / sin(AW5)).

Similarly, relating Ax,’ to Ax;’:

Ax, B2 1sin(AW5; ) = Ax3’B3 "2 / sin(AY,; ).

1f) Numerical example: Assume ; =, = B3, and A¥{, = A¥,5 =n /4, derive the corrector kicks using the result
from 1d.

Answer: Ax; =Axy’, AX; =Ax,’ /(2 cos(AWy3)) = Ax,’ / (2)12 = 0.707 Ax,’.

1g) Numerical example: Assume 31 =, = B3, A¥Y{,=A¥,3/10 and A¥,5=5n/11, derive the corrector kicks
using the result from 1d.

Answer: Axl’ = Axy’ sin(A¥,3 ) = 0.990 Ax,’, Axl’ = Ax3’ sin(A¥,3 ) / sin(A¥, ) = 6.96 Ax3’.
1h) Which of the 3 corrector bumps (1f or 1g) is more difficult to realize in practice and why?

Answer: 1g. Correctors 1 and 2 in 1g need to be 7 times as strong for a given corrector 3 kick. Corrector 3
also needs to be regulated an order of magnitude better than correctors 1 and 2 so excessive AC orbit noise is
not generated from bump closure errors.
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Figure for problem 2



2a) The figure shows a 4 corrector bump constructed of two overlapping 3 corrector bumps. In this problem we
want to construct a symmetric bump as shown in the figure and an antisymmetric bump. For a symmetric bump, the
corrector constraints are Ax;” = Ax4’ and AX,” = Ax3’. For the antisymmetric bump, Ax;” = —-Ax4’ and Ax,” = —

Ax3’. Assume the twiss parameter constraints are 31 = B4, B, = B3 and AW, = A¥,45 and the space between correc-

tors 2 and 3 is a drift. Derive the bump height x at the center of the bump for the symmetric bump and the angle x’
at the center of the bump for the antisymmetric bump in terms of the kicks and twiss parameters.

Answer: Symmetric bump height x at bump midpoint (from 3 corrector bump problem).
X =%, = Axy (BoB1) " Zsin(A¥ ;) = x3= Axy (B3By)'*sin(AW3y).

Antisymmetric bump angle Ax’ at bump midpoint.

X’ = —2Ax3, =—2Ax; B, %sin(A¥,, ) / (B;!? sin(A¥;,))

X* = 2AXy, = 2A%, By 2sin(AY 43 ) / (B, sin(AY5,)) = -2Ax5,

2b) Numerical example. Compare original APS (symmetric) injection bump with small phase advance to actual
implementation. For the original APS injection bump assume 3; = B, = B3 =4 =20 m, A¥Y, = A¥3,=0.1 radians.

The existing injection bump has 3; =, = B3 =4 =20 m, A¥{, = A¥;3, =5 radians. Derive the ratio of corrector
strengths between the two cases for the same bump height x.

Answer: (Axoriginal, ! AXgctual )1,2,3,4 = sin(S) / sin(0.1) = -9.60.

So, the original idea with small phase advance would require kickers about 10 times stronger than required
for the existing bump.



