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1. Background (State of the art) 
The PhD subject is related to secondary particle shower detection for transversal beam profile measurements with Beam Wire 

Scanners (BWS). These instruments are used to determine with high precision the emittance of the accelerator, one of the key 

parameters for the calculations of the particle interaction rate at the LHC experiments, and therefore directly influencing the 

discovery potential of the LHC. The emittance is extracted by measuring the transversal width of the beam. In order to do this 

measurement, the particle beam is crossed with a very thin carbon wire (~30um) at constant speed while its position is accurately 

acquired. At the same time, the scattered particles, originated from the interaction of the beam with the wire, are measured with 

an external detector. By using the information of the wire position and the charge generated in the detector by the secondary 

particle shower, the beam profile can be reconstructed and its width determined. 

Currently the detection systems for secondaries are based on a scintillating material attached to a PhotoMultiplier tube (PMT) 

through optical filters. When secondary particles hit the scintillator, photons are produced by fluorescence, and then they are 

transformed into a charge signal in the PMT applying certain gain. To cope with the accelerators dynamic range, the system 

working point (optical filters and PMT amplification) has to be set-up according the beam parameters/intensity. The calculations 

of the optimal working point are not trivial and in some cases the measurement is degenerated due to the PMT saturation effect 

[1]. The system needs to be improved to measure with low errors the transversal Gaussian tails. This is often not possible, since 

high intensity beams leads to a rise of the noise level, decreasing in this way the system resolution. 

It is foreseen to increase the particle interaction rate (a reduction of the beam size increasing the particle density at the collision 

points), it means that new and more precise beam instrumentation is needed. Therefore, a new BWS design is being developed 

aiming to overcome the limitations of previous designs [2]. For this high accuracy BWS, a new secondary detection system and 

acquisition electronics needs to be studied and developed to improve the dynamic range. The scintillator and PMT system is 

envisaged to be replaced by a new generation detector, polycrystalline chemical vapour deposition (pCVD) diamond detector [3]. 

This technology has been recently developed by the RD42 collaboration [4], and has been successfully tested and used by the 

Beam Condition Montitor systems of ATLAS and CMS experiments [5,6], for a Beam Loss monitor (BLM) at LHC [7] and also at 

other accelerators in Fermilab [8] and Desy [9]. Its excellent linear and quick response, high radiation tolerance and low noise, 

makes this type of detectors a good candidate for the secondary shower particle detection system 

2. Motivation and objectives 
The subject addressed in the PhD. thesis is the sensing of the wire-beam interaction generated secondary particle shower. A 

detector, based on diamond material, will replace the current scintillators and photomultiplier systems. To incorporate this 

detector in the system, deep study and understanding of the detector technology is needed to design and develop acquisition 

electronics with high dynamic range, taking the different operating modes of the accelerators into account.  

The dynamic range of the acquisition system is determined by a pilot bunch intensity of about 5E9 particles, until the full LHC fill 

intensity of about 5E14 (with bunch intensities around 1.1E11). In addition to the intensity variation, it is required to have a 

minimum dynamic, for each intensity, around 1E3 with also individual bunch (spaced by 25ns) acquisition. It is envisaged to cope 

with these requirements with an automatic range switching electronics for the different signal intensities respecting the high 

speed specifications. Therefore the challenge of the thesis subject lies mainly in the coverage of the dynamic of the detector 

signal, high signal-to-noise ratio (SNR), study of amplification and digitalization techniques and integration of the developed 

electronics with the centralized systems.  

Due to the presence of ionizing radiation in the accelerator tunnels, and its effect on electronics, it is foreseen the study and 

development of two locally separated main parts, the detector module in the tunnel (Front-End), with radiation tolerant 

electronics, and the acquisition board, located at the surface (Back-End). A 250m long connections link has to be evaluated in 

order to select the best signal transmission strategyto be developed later. 

These new system electronics for the data acquisition will lead to a large improvement compared to the current system and will 

be a step forward in the usability of the wire-scanner system.  



3. Methodology 

In order to reach the PhD. thesis goal, the strategy followed will start with an initial decomposition of the complete project in 

smaller parts or tasks. Each of these tasks will be analysed from the physics and engineering point of view, performing initial 

simulations with professional software, allowing understanding and predicting the working principle and impact of the different 

parts of the system. Initial modelling and simulation are an important step for a complete understanding, for instance to estimate 

pCVD response signal, where initial estimations will be made for different locations of the accelerators to predict the losses done 

by a scan, and therefore calculate the expected pCVD signal to determine the specifications of the design. A posterior step would 

be a practical verification with real measurements of the simulations, in order to check that every detail has been well 

understood and any possible problem identified and solved. 
 

Research in cutting-edge amplification and digitalization techniques has to be performed in order to reach the specs detailed in 

the previous section, for this, some training is foreseen. For designing the system, different strategies and architectures will be 

investigated in order to finally optimize the design with the best possible solution, the initial acquisition prototyping will be based 

on FPGA’s development boards and custom electronic design. Once the performance of each individual part has been 

demonstrated and decisions taken for each sub-part of the system, a complete document of specifications will be written and an 

initial prototype will be built in order to perform the first tests with the accelerators. 
 

The PhD. thesis will be followed weekly by periodic meetings and presentations to the BE-BI-BL group in general, and to the BWS 

Electronics design group, the CERN and UB supervisors in particular, where an excellent support is guaranteed, as well as possible 

potential collaboration with other CERN departments/groups. The dedication of the student for the development of the PhD. is 

full time. 
 

4. Tasks and Chronogram 
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