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850m and energy of 6GeV.
available i1s 0.854T, what is t
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1) Consider an electron storage ring with a circumference of

f the maximum bending field
ne percentage of the circumference

occupied by dipoles? With di

poles of 2.3m long, find the

Integrated dipole strength, the bending angle and the number of

dipoles.
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2) Trace the poles of a decapole and dodecapole magnet. What is
the angle between the center of each pole in each case? Derive the
angle between the poles of general 2n-pole magnets?

Q

- The decapole (10 poles) with an angle 27/10 = t/5 = 36°
between the poles

- The dodecapole (12 poles) with an angle 2a/12 = wt/6 = 30°
between the poles

- The angle of a 2n-pole will be 27/(2n) = nt/n
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3) Use the expansion of the scalar potential in polar coordinates in order to show that the
potential is symmetric by a rotation of &. Prove that the first allowed multi-pole for a normal
quadrupole magnet is a 12-pole (bg), the second a 20-pole (by,), etc. Is there a general rule for
all multi-pole magnets?
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3) Use the expansion of the scalar potential in polar coordinates in order to show that the
potential is symmetric by a rotation of &. Prove that the first allowed multi-pole for a normal
quadrupole magnet is a 12-pole (bg), the second a 20-pole (by,), etc. Is there a general rule for
all multi-pole magnets?
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4) Prove that the transfer matrices of two symmetric cells and of one cell with mirror symmetry
have their determinant equal to 1. Derive the transfer matrix of a particle moving in the
opposite direction in the two above cases.
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4) Prove that the transfer matrices of two symmetric cells and of one cell with mirror symmetry
have their determinant equal to 1. Derive the transfer matrix of a particle moving in the
opposite direction in the two above cases.
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5) Find the focal length of a thin focusing and defocusing quadrupole. To do so, consider an
incoming parallel beam (in x or in y depending on the quad) and propagate it using the quad
and a drift, and find the drift length in order to get O displacement. Do the same for both planes
for a doublet formed by the two quads, with distance L between them.
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5) Find the focal length of a thin focusing and defocusing quadrupole. To do so, consider an
incoming parallel beam (in x or in y depending on the quad) and propagate it using the quad
and a drift, and find the drift length in order to get O displacement. Do the same for both planes
for a doublet formed by the two quads, with distance L between them.
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6) Write the transfer matrix of a FODO cell for which the integrated quad strength is
1/f = * 1/2f and the drift has distance |. For this quad and considering the propagation of
optics functions in a symmetric cell obtain an expression for the phase advance p and the
beta function B, at the focusing quad. Without matrix multiplication do the same for the
defocusing quad. For numerical evaluation you will need that Bp = 26.68 Tm, the quad
length 0.509 m the quadrupole gradient 12 T/m and the distance between quads 6.545 m.
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6) Write the transfer matrix of a FODO cell for which the integrated quad strength is
1/f = * 1/2f and the drift has distance |. For this quad and considering the propagation of
optics functions in a symmetric cell obtain an expression for the phase advance p and the
beta function B, at the focusing quad. Without matrix multiplication do the same for the
defocusing quad. For numerical evaluation you will need that Bp = 26.68 Tm, the quad
length 0.509 m the quadrupole gradient 12 T/m and the distance between quads 6.545 m.
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7) Write the (a,B,y,D,D’) functions propagation along a drift. Modify accordingly the formulas,
assuming a symmetry point at the entrance of the drift. What is the beta function at the
entrance of the drift in order to have a minimum value at the exit? For the numerical
evaluation assume a 3m-long drift.
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8) A proton synchrotron has a magnetic field of 1.5T rising linearly in 1 s from 1 to 10 GeV.
What is the momentum at injection and top energy and what the magnetic rigidity? If 2/3 of
the circumference are bending magnets what is the bending radius and the mean radius?
What is the revolution frequency at injection and top energy? Taking the revolution
frequency at injection, calculate the voltage per turn. If the synchronous phase is 45°, what
IS the peak voltage in the cavity?
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8) A proton synchrotron has a magnetic field of 1.5T rising linearly in 1 s from 1 to 10 GeV.
What is the momentum at injection and top energy and what the magnetic rigidity? If 2/3 of
the circumference are bending magnets what is the bending radius and the mean radius?
What is the revolution frequency at injection and top energy? Taking the revolution
frequency at injection, calculate the voltage per turn. If the synchronous phase is 45°, what
IS the peak voltage in the cavity?
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9) For the same ring with a mean dispersion of 9m what is a) the transition energy (b)
momentum at transition (c) the slippage factor at injection and top energy (d) If the
harmonic number is 10 what is the synchrotron frequency at injection and top energy?
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10) Consider a 400 GeV proton synchrotron with 108 3.22 m-long focusing and defocusing
quads of 19.4 T/m, with a horizontal and vertical beta of 108 m and 18 m in the focusing
quads which is inversed for the defocusing ones. What IS the chromaticity of the machine?

m  The magnetic rigidity is Bp [T m] = 02998 57~ [GGV]

m  For 400GeV, the relativistic beta is almost 1 and then the magnetic rigidity is

Bp=1334 T m

= The focusing normalized gradientis [ — @ — % = 0.015m—
Bp 1334 ,
m The defocusing one is just the same with opposite sign KD — —0.015 m~—
. . _ 1 )
m The chromaticity of the machine is fx,y — —E E Ba:,yKa:,y

7
m By splitting again the focusmf and defocusing quads’ contribution, we have

§ay = _4_NZK(:|:5 + Bf,y)

B 108 x 3.22 x 0.015
47

(108 — 18) = —36.2
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m This gives in both planes &, ,, =



