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8.) it is a wild world ...
During the construction phase of a heavy ion storage ring one quadrupole magnet
turned out to be too short by 1 mm: The one meter long yoke was stapled by steel
plates, Imm in thickness each, and one of them just was forgotten (this is no joke !).

Calculate the tune change in both planes if this error is not compensated and the beta
Junctions at the location of the quadrupole are ., =80m, f, =20m in the hor.and

vert. plane respectively. The design quadrupole strength is k =2*107 .

Lets assume that the beam will survive this error. (Clearly we corrected the error
nevertheless).

Now let’s have a look at a typical mini beta insertion:
Given the following parameters:

Given the following parameters (LHC):
k=9*10_3L lg=60m, p=45km

2 5
m

Assume that the tune shift calculated above is a limit that can be tolerated for beam

operation. What is the tolerance for the relative error of the magnet strength, (... or
power supply stability, or magnet length ...) at such a mini beta section ?

The tune shift due to a change in the integrated quadrupole field is given by

AQ =ﬁ*]‘Ak*ﬁ(s)ds
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9.) Tuning Quadrupoles:

The main dipole and quadrupole magnets in a storage ring are often powered in series by
one power supply. While such a set up facilitates the tracking of the main dipole and
quadrupole magnets during acceleration it requires special “tuning” quadrupole circuits
for tune adjustments. Assume your machine has one tuning quadrupole per plane, placed
at a location where 3 . = 180m, 3 , =40m.

If the overall tune is Q=64.28, what is the maximum tuning range of this system if the
maximum acceptable beta-beat in the machine due to the tuning is limited to10% ?

How can the system described above be improved, to obtain a larger tuning range with a
beta-beat that is still smaller than 10% ?

Consider the following schematic lattice:
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The position of the tuning quadrupole in the hor. and vertical plane is indicated by the red
and green spot.

If the working point of the machine is changed we will obtain — due to the corresponding
change of the quadrupole strength — a beta beat of
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10. ) Orbit Bumps in the magnet lattice (Bumps):

In daily operation of a storage ring we often have to shift the orbit of the beam at a
given point in the lattice, i.e. we want to create a configuration of orbit kicks to
change the closed orbit at a location in the ring... without changing the orbit any
where else (this is typically needed at the location of injection, extraction or if we
want to steer the two beams in a collider with respect to each other).

Assume you have two dipole magnets (orbit corrector dipoles) with a phase advance
of 180 degrees. Calculate the ratio of the kick strengths of these two magnets to
create such a closed orbit bump. (Hint: Use the description of the transformation
of the beam angle and position (x,x”) as a function of the twiss parameters).

The geometry of the problem is sketched in the figure: Between the two dipole magnets
with the kicker strengths k1 and k2 we want to shift the beam orbit locally by a certain
amount and still obtain outside this region the same unperturbed orbit.
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