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Abstract

In the past there has been a lack of understanding of the beam optics of the ITH and LTB
beam lines at CERN. The ITH beam line links the CERN heavy ion linac (Linac II) to the
PS Booster (PSB), while the LTB line links the CERN proton linac (Linac II) to the booster.
For both lines, the experimental data could not be reproduced in simulations. A series of
systematic measurements of the optics parameters in the line was therefore done during the
1999 lead ion run as well as during the 2000 proton run. The goal is to fully understand the
beam optics of both lines and hence to have a consistent and verified model. This can then
be used for optimizing the optics, matching and minimization of the dispersion.
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1 ITH Line
1.1 Transfer Matrix Measurement

The transport of beam coordinates and momenta between two arbitrary points in a beam
line can for the case of linear optics (no space charge, no linear coupling) be described by a
matrix formalism:
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Here, z and 2’ (y and y’) are the beam positions and momenta at the corresponding positions in
the line, ¢ is the momentum spread and D and D’ are the horizontal (vertical) dispersion and
dispersion derivative. If we assume that the dispersion is zero we can solve the system for the
case that (0) = 0 and 2’(0) is known:

z(1) = S2/(0). 2)

The matrix element S can experimentally be determined: an initial angle z'(0) is given to the
beam using a dipole corrector and the displacement of the beam at position *1° is measured by
means of a beam position monitor (BPM). In the plot of position versus kick angle, the slope
of a linear fit is the required matrix element S. If the measured matrix element agrees with the
one given by a simulation of the beam line, the optics is well understood. If both values do not
agree, this indicates either an error in the model or a hardware error. The method of transfer
matrix measurement can hence be used to identify and localize such problems [1].

In two experimental sessions during the 1999 lead ion run?) the transfer matrix elements were
determined using the D10, D21 and D30 dipoles to induce horizontal and vertical kicks and the
SEM15, SEM30 and SEM40 secondary electron monitors (SEM) to measure the displacement
of the beam. For all combinations, a number of kick angles was applied. The resulting plots of
beam position versus kick angle are shown in Figs. 1 - 10. The measured matrix elements are
summarized and compared with the theoretical values in Tab. 1.

measured model
horizontal [ vertical | horizontal } vertical
D21-SEM15 3.12 2.71 3.05 2.29
D21-SEM30 (0.06) 4.88 33 12.0
D10-SEM30 4.98 5.93 3.9 5.1
D10-SEM40 3.95 17.47 8.0 21.0
D30-SEM40 6.19 5.09 11.95 7.78

Table 1: Measured and theoretical transfer matrix elements.

As can be seen from Fig. 3, the measured value is not useful. The value is put in brackets in the
above table. As far as the other values are concerned, there is reasonable agreement between
model and measurement for D21-SEM 15 and D10-SEM?30. For the other matrix elements, there
is a considerable discrepancy.

1) MD sessions of 22/09/99 and 23/11/99, K.Hanke and A.Lombardi.



















































