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Akl <1.1%107° , ,
The tune change that can be achieved with that quadrupole strength is

AQ—LAkl*ﬁ 0.015
4

.. indeed not very much.

b.) improved lattice for tuning quadrupoles

J\ J\

90°

Assume a phase advance of ®=90° ... as usual.

Consider one cell, starting from the middle of a tuning quadrupole to the next equivalent
one. If both tuning quadrupoles are powered in series, the beta beat resulting from this
pair is
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The remaining beta beat from two tuning quadrupoles being 90° apart from each other is

— very close to — zero. In a real machine in general we will therefore install a large
number of tuning quadrupoles (e.g. one at each main quad) and arrange this scheme in a
way that the phase advance between these tuning quadrupole magnets is modulo 90°.
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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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The general description of a the transformation of the orbit vector (x,x”) through lattice
can be expresseed as a function of the twiss parameters:

(o) (e,

where the transformation matrix M is given as a function of the o and 3 values at the
positions of the two dipoles and the phase advance between Ay =, - ), them.

%(COS(% -y +a,sin(y, -y,) V BB, sin(y, —y,)
M= 1
(o, —ay)cos(y, —y,) - (1+a,a,)sin(@p, —y,) B

W B (cos@, —y,)—a, sin(y, —y,)
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For the special case of Ay = and the initial conditions (xl ) = ( K 1)
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and requiring the boundary condition x = x” = 0 after the second kick (i.e. unperturbed
orbit after the bump) we can calculate the kick of dipole 2 which is thus just the opposite
of the angle obtained at position 2.

or

k2 ﬁ 72 % kl
\ 8,
In practise the two dipoles are powered in a synchronous way, increasing their strength
according to this rule, and we obtain a localised well closed orbit distortion that can (and
should) be checked by the BPM signals within the bump.

An example of a more general situation (applying a bump of several 100m) is shown in
the picture:
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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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which is in our case approximately
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As the hor. foc. quadrupole magnet was to short we expect a lower tune in the hor. plane

of the quadrupole (and a higher tune in the vertical one).

1
— e X1E1O 3 * x7%x10°2 1
AQ,.. e 1%107 m *80m *2*10 /2

AQ,  ~-0.00013

In the vertical plane using 3 = 20m instead we get

AQ,,, ~ +0.000032
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Lets assume that the beam will survive this error. (Clearly we corrected the error
nevertheless).

Now lets have a look at a typical mini beta insertion:
Given the following parameters (LHC):
k=9"‘10_3L lg=60m, [ =45km

2 b
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 ?

1
AQ ~—*Ak,*B,*1, =0.00013
O Me™Fe™le

_ 4 *0.00013

0 = =6.1%107"
4500m * 6m

Ak
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which corresponds to a relative error of

Ak
k

* -8
Qo _ 69.1*11)(23 <1*10°°
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A small error that can be tolerated in an arc quadrupole (be it the length of the magnet or
the gradient) turns out to be a severe problem at places where the beta function is high.
Message: At the mini beta insertions you should use the best hard ware that you can get.
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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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7 Sem 271Qf/5 Ak cos 2(¢, ¢, — Q)dt

For one single tuning quadrupole per plane we get approximately:

A _ 1 g Akicos2(g, - ¢, -0)

f 2sin2aQ )

=1 for worst case

Using Q=0.28
=180m

we require: % =0.509 *180mAkl <10%

and the resulting limit for the integrated quadrupole strength is
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