Exam on Linear Imperfections (90 minutes) - JUAS 2018
Total number of points: 24 - Marks will not be renormalized to 20
Consider a proton synchrotron with 160 MeV kinetic energy. The proton rest energy is
938 MeV. The horizontal tune is Qx = 4.25 and the vertical tune is Qy = 4.45. The
machine is built of 16 identical cells. The machine has 16 sextupoles (one in each cell),
each with a magnetic length of l=0.3m. The horizontal dispersion function at the
location of the sextupoles is Dx=1.4m, the horizontal beta function βx = 6 m and the
vertical beta function βy = 12 m. The 16 sextupoles are connected in series such that
all of them have the same normalized sextupole strength of S/B = B2/B = 2 m-3.
1. What is the corresponding sextupole field gradient S (in T/m2)? [2 points]
2. The natural horizontal chromaticity of the machine is ξx=-6.4. Calculate the
horizontal chromaticity of the machine including the contribution from the
sextupoles. Calculate also the contribution of these sextupoles to the vertical
chromaticity. [2 points]
3. One of the sextupoles is horizontally displaced such that the normalized
quadrupole field due to feed-down is K = 0.008 m-2. Calculate the
integrated normalized quadrupole gradient. Does this value depend on the
energy of the beam? Calculate the horizontal displacement of the sextupole.
What is the integrated dipole kick Θ in mrad resulting from the same offset?
[4 points]
4. Compute the horizontal tune-shift δQx resulting from the quadrupole field
induced by the offset in the sextupole. Estimate the resulting maximum betabeating in the locations of the sextupoles for both horizontal and vertical
planes. [3 points]
BONUS: Estimate the maximum closed-orbit distortion at sextupole locations
due to the dipole error induced by the displaced sextupole. [2 points]
5. Will there be an effect on the vertical tune Qy? Assuming that there is no change
in the dispersion function, is there a significant change of the chromaticity?
(please give conceptual answers, do not calculate anything) [2 points]
6. What is the advantage of having the horizontal tune at 4.25? What will happen
if the tune is moved towards 4.5? What will happen if the tune is moved towards
4.0? (please give conceptual answers, do not calculate anything). [3 points]
7. To minimize the quadrupole error induced by the displaced sextupole one can
try to make a closed orbit bump such that the beam orbit is centered in the
displaced sextupole. Assume that there is a horizontal dipole corrector in each
of the sextupole magnets. The dipole correctors in three consecutive sextupole
locations are used to create a horizontal closed orbit bump in the location of
the displaced sextupole. In case the first corrector is set to produce an
integrated dipole kick of Θ1 = 0.66 mrad, calculate the required kicks in
the two following sextupole locations in order to achieve a closed 3bump. hint: the phase advance between the sextupole locations can be
calculated from the tune knowing that the machine has a 16-fold symmetry.
[2 points] BONUS: What is the resulting amplitude of the closed orbit bump at
the location of the central sextupole [2 points].
8. What would be the leading order multipole effect if a sextupole is shifted
vertically? Which resonances should be avoided in that case? [2 points]

