Abstract

he GTS-LHCECRionsource deliversionspeciesforthe

physics programme of the CERN accelerator complex.
Stability and reproducibility are key parameters for a
successful operation. Therefore the source requires
regularly intervention by an expert.
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analysis using the Optigrid algorithm, which is well
suited for problems with a high number of parameters.

Introduction

he setting up and tuning of the source depends

presentlyontheexperienceofateamofsourceexperts.
As this team is very small it is a single point of failure
for the operation. To allow a more person independent
and more standardized operation a request to develop
software tools to support the operation of the source
was made (GTS-LHC operation support — GHOST).
These tools should help to improve the source stability
and reliability and to reduce the necessity of the
intervention of an operator or source expert.

he settings and acquisitions used in this analysis
are the most commonly adjusted settings (source
solenoids, microwave power, gas injection, oven power,
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The clustering algorithm

lustering is the process of grouping together data
points that are similar. Clustering is an unsupervised
learning method, i.e. it has to discover unknown
classes in the data. The goal is to find similar settings
of the source using clustering. So one will consider two
points as similar if they represent the same setting of

or this analysis the Optigrid algorithm

developed by Hinndeburg an Keim was selected.
This algorithm was developed to solve the problem
of clustering in high dimensional data (known as the
,Curse of Dimensionality”).

he Optigrid algorithm partitions the input space

into a grid, where each cell represents one cluster.
Each cluster is described by its median and standard
deviation in percent of mean, to capture the centre
and dispersion of a cluster. In the present case, the
two values can be interpreted as the setting that is
represented by the cluster, and the variability of the
setting, i.e. whether it was almost constantly on one
value or if there were fluctuations.

fter each point is assigned to one cluster, it is

possible to calculate attributes for each cluster, e.qg.
itsdurationand thenumber of highvoltage breakdowns
while it was active.

Cluster and operational

parameter

he RF power was chosen to give an impression of

the distribution of the medians of the clusters. The
Figure shows the medians of the clusters for RF power
of the stable period in 2016.
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he clusters are ordered by size. The lower index

represents the larger cluster. One can see that the
used settings do not accumulate around a certain value
but only lie in a (relatively broad) range.

Cluster and oven operation

Between two oven refills there is normally a
period of two weeks (14 days = 336 hours).
In the Figure the duration of the clusters is plotted
in relation to the time after the last oven refill for the
stable operation periods in 2016. With the colour the
number of the fill in the respective year is coded. There
does not appear to be a relation between duration and
time after oven refill.

Source and linac performance

he Figure below shows the ion intensity of the Pb>**

beam at the end of the linac for the stable periods
of the three different years. Stability was measured by
defining threshold in beam intensity and variation in
time windows of several hours.

2015 stable 2016 stable 2018 stable

here are clear differences between the years visible.
The increase from 2015 to 2016 was the result of the
modification of the low energy beam transport.

uring 2016 the best average intensity could be

delivered. In 2018 the intensity was lower due to
problems with the stripper foils (the beam at the end of
the linac is stripped from Pb** to Pb*>** in a thin carbon
stripper foil).

he very high values (currents > 40 euA) for the year

2016 are an artefact, as for degrading stripper foils
the charge states Pb>** and Pb*>* can sneak through
the charge state filtering after the stripper and so
the integral current measured in the beam current
transformer becomes higher.

In the following Figure the ion beam intensity at the
exit of the linac is plotted for 2016. Stable periods are
marked in black, unstable periods are marked in red.
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between two oven refills (two weeks = 336 hours).
The duration accumulated per cluster is for most of
the cases less than 30 hours. Compared to the yearly
operational period this shows that the settings are
varied quite often. There is no dominant setting.

detailed look at the internal distribution of the

clusters in time also reveals that some clusters are
continuous in time, while other are split up into many
small fragments.

more short clusters there. This could not be confirmed

index
Preprocessing here are few large clusters and many small ones. by looking only at the cluster duration.
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But this is still short compared to the yearly operational not be confirmed. experience of the operators. No dedicated recurring
Clustering period of around 6000 hours or compared to the time pattern in the source settings could be found. Neither

between the years and nor even within the years.

Il source settings are within certain boundaries, but

there is no single set or a couple of sets of settings
that can be used to get directly to a stable and reliable
source operation. None of the found clusters can be
used directly to create one or several GHOST modules
which can run the source at an automatised or semi-
automatised mode.

ore sophisticated time series analysis tools, e.qg.
LSTM neural networks, could potentially discover
more complex relations than investigated in the study,
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