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In this thesis, we will discuss multivariate analysis of beam orbit. The core of this work is
Model-Independent Analysis (MIA) which was first introduced into accelerator physics by J. Irwin
and his collaborators. This is a new method which can be used to do beam dynamic analysis in a real
accelerator. It is based on the fact that the variables under study are correlated through the laws of
dynamics. If we put them together and treat them as a whole then maybe we can obtain these
correlations using some suitable algorithm. That is the starting point of multivariate analysis.

MIA is a method used in accelerator physics, which is based on the BPMs measurements to
improve BPMs resolution and find out a realistic model for the real machine. It is a multivariate
analysis method. Also, it does not rely on any particular machine model, and therefore it is called
MIA.

At the beginning of this thesis, we briefly review what we can do with MIA. Trying to improve
the accuracy of BPMs measurements is the first motivation for developing MIA. As we work more, we
get more understanding of the method. Then we know how to use it to find out the machine model,
wakefield effects, emittance dilution, etc. We are hopeful that we will be able to do more in the future
with this method.

There are 4 main parts in this thesis. In section 2, we discuss the MIA method generally by
introducing the Taylor expansion of the beam trajectory, removal of known time patterns, analysis by
using SVD. In the last section of this part, we give a simple example to illustrate SVD analysis
method.

In section 3, we review beam dynamics in linac. When the beam intensity goes up, wakefield
effects become a serious part of the beam behavior. We write down the equation of motion in the
presence of wakefields. From the equations, we can see that the transverse wakefields will cause an
emittance dilution and the longitudinal wakefields will cause a correlated energy spread inside the
bunch. We also review the emittance dilution due to filamentation. When the beam is well matched to
the machine, this will not be to the main source of emittance dilution. To alleviate the emittance
dilution and keep the correlated energy spread as small as possible at the end of linac, we need a
technique called BNS damping and auto-phasing. All the theories introduced in this part will be used
as the base of our simulation work in the next section.

In section 4, we used MIA method and our knowledge of beam dynamics in linac to do
simulations. Through this work, we show how MIA works and what kind of results we can obtain
from this method. We also investigate the limitations of this method through the simulations. The
simulation work is based on the KEKB injector linac (Sec.A & Sec.B). First, we investigate the
possible sources of beam orbit fluctuations. Then, we simulate these sources and examine their effects
without wakefields. These results can be used to compare with the beam behavior when the beam
current is quite low. Finally, we simulate the beam behavior with wakefields. From the results we can
see the wakefield effects clearly, also the emittance dilution can be observed. At the end, we show that
for different lattice structures and different beam orbits, the emittance dilution is not the same. These

results can be a guide for alleviating the emittance dilution which must be carefully studied



experimentally.

In section 5, we used the MIA method on our experimental data. The results do not only
confirmed the MIA method and our simulation work, but also reveal a more realistic machine model.
It opens new possibilities which is the most important thing: it tells us how to improve our machine in
the future.

In the last part of this thesis, we conclude on what we have achieved and give a glimpse of

what can be done as a next step.
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