PHY554: HOMEWORK 2

1. PROBLEM 1

From the lecture notes, we have
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where the transfer matrix M (sq, $1) is
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We can solve X (s2)

X(s2) = \/E(cos;H—al sinp) - X(s1) ++/B1Basinp - X'(s1)

If a particle is kicked at s; by angle 6, we have

(F335) = (020

We can solve X (s2) + Axg

X(s2) + Ao = \/E(COS/J—F ajsinp) - X(s1) +/Bi1Besinp- (X'(s1) + 6)

Taking difference between X (s2) and X (s2) + Axa, we have

Ay = 0+/B1B28inp

Az, is proportion to v/B1, and 3 is the 8 function at the kicker location.

To obtain the maximum kicker strength, the kicker should be located in the position
where [ function reaches maximum. To obtain the minimum kicker strength, the
kicker should be located in the position where S function reaches minimum.

2. PROBLEM 2

2.1. Maximum. Maximum betatron functions are located at center of QFs, so a
FODO cell is arranged as

QF/2= B= QD = B= QF/2
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Assuming the quadrupoles are thin lens, the corresponding transfer matrix is
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The transfer matrix can also be written as

M = cos ® + arsin @ Bsin ®
a —vsin @ cos® — asin @
So we can solve that
1
cos® = iTT(M)
_ oL
2f2
And with cos® =1 — sin % we can solve that sin 2 = 2f’ and we have
a = 0
g = alitsp)
sin ®
_ 2Li(1+4sing)
sin ®

In this problem, number of FODO cells is nropo = 12, circumference is L = 180m,
so L1 = L/”FODO/Q =T7.5m.

The betatron tunes are @), = 3.5,Q, = 3.4, so the phase advance for each FODO
cell should be
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Therefore

2L (1 4+ sin %)
sin ®,,
= 27.85m
2L1(1 4 sin %)
sin @,
= 27.25m
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2.2. Minimum. Minimum betatron functions are located at center of QDs, so a
FODO cell is arranged as

QD/2=B=QF = B=QD/2

Assuming the quadrupoles are thin lens, the corresponding transfer matrix is
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The transfer matrix can also be written as

Mo = cos® + asind B sin ®
o —sin @ cos® — asin @

So we can solve that
1
cos® = iT’I“(M)
L7
2f2

And with cos® =1 —sin? 2, we can solve that sin ? = 2f’ and we have

27
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In this problem, number of FODO cells is npopo = 12, circumference is L = 180m,
so Ly = L/nropo/2 = 7.5m.
The betatron tunes are @), = 3.5,Q, = 3.4, so the phase advance for each FODO
cell should be
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Therefore

R 2L1(1 — sin %)
s sin @,
= 3.21m
2L1(1 — sin %)
sin @,

= 3.42m
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2.3. Chamber size. Now we have maximum of betatron functions and RMS beam
emittance, we can calculate the RMS beam size

or =/ Brmaz€
= V2785-1e—6
= 5.28¢ —3m
oy =/ Bymazt
V27.25 - 1e — 6
5.22e — 3m

As we know, in a 1D normal distribution, integral of density function from —8¢ to
8o will be more than 99%. So if we take 8 - max(o,0,) as the chamber radius, the
vacuum chamber will be large enough to house such beam. So the vacuum chamber
size should be at least 4.224e-2m in radius or 8.448e-2m in diameter.



