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5-6 months MSc or BSc (El) internship

Mining Arronax accelerator data for anomaly detection
Keywords: Data mining, particle accelerator, machine learning, anomaly detection
Supervisors: Freddy Poirier (Arronax) poirier@arronax-nantes.fr,

Diana Mateus (LS2N) diana.mateus@ec-nantes.fr

Context

ARRONAX (Accélérateur pour la Recherche en Radiochimie et Oncologie a Nantes Atlantique)
is a particle accelerator located in Saint-Herblain, Arronax produces innovative radioisotopes
(radioactive atoms) for nuclear medicine research. Its main application domains are
oncological diagnostic and therapeutic imaging, as well as oncology, through PET (Positron
Emission Tomography). ARRONAX is a joint initiative between Subatech lab and the CRCINA
(Centre Recherche en Cancérologie et en Immunologie de Nantes (CRCINA).

Abstract

Providing precise irradiation for radioisotopes relies on the knowledge of the impact of the
most effective settings of the accelerator. This is essential to secure irradiation within some
time and specifications. Towards this end, the accelerator environment has been
strengthened with an additional control and acquisition system, as well as a new diagnostic
tools, both bringing additional data to the large data framework EPICS (Experimental Physics
and Industrial Control System).

The aim of this internship is to perform data mining on the extended data collected from the
accelerator, by studying the pertinence of different machine learning algorithms to monitor
the accelerator settings and thus improve secure irradiation. The primary goals are the
application of the algorithms to the accelerator operation, to explore:

- significant events and detect anomalies,

- alarm handling and prognostics.
Secondary goals tackle tuning and optimisation of the accelerator settings for operation.
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Project description

Large amount of data of the cyclotron environment are now being recorded and synchronized
through the EPICS framework installed at ARRONAX [1], with the idea of analysing past and
potential damages. The student will continue and extend a previous work performed on data
mining assembling. He will constitute, for this, batches of data to be analysed using machine
learning techniques to detect anomalies.

There has been a recent increase of Machine learning methods designed for the analysis of
accelerators operation [2, 3, 4], including for large machines [5,6]. It is expected that machine
learning will not only contribute to further secure target irradiation but also be part of the
study that helps to increase the number of particles hitting the target i.e. increase of
radioisotope production and stability. In this project, the intern will focus on implementing
machine learning methods adapted to a small to intermediate industrial machine with a
limited amount of data (~0.4 Tb per year of data at Arronax). Both unsupervised and
supervised algorithms will be studied. In particular, Bayesian approaches for anomaly
detection (such as PCA, k-means, DBSCAN and isolation forest techniques already part of the
study), one-class Support Vector Machines (SVM) for outlier detection, convolution neural
network [7] or supervised survival analysis [8]. The application has to take into account
changes with time and the algorithm robustness, for example through dedicated indices, will
have to be calculated.

Hypothesis based on beam dynamics from previous simulations may be used, i.e. focal points
of the beam close to the target to cope with the reduced amount of data for learning. The
project could be transferable to other small machine that perform irradiation of targets.

Requirements
The applicant should have a BAC+4 (Master 2 or ElI2, EI3), an excellent background knowledge
in python programming, and/or machine learning, as well as good communication skills.
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