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1. Introduction:  
As part of a new wire scanner design being pursued by CERN, it is proposed to upgrade the secondary particle shower 

acquisition system. The new electronic design aims to cover the whole dynamic range expected from all CERN’s wire 

scanners with a single configuration, and be capable of bunch by bunch measurements with continuous integration time 

intervals of 25ns allowing no dead time periods. To be fully independent of the scanner location and beam parameters, a 

very high dynamic range is therefore needed. This system is characterized by a long physical separation between the 

tunnel electronics (detector) and the surface systems, where data is processed (up to 250m). Moreover, due to the 

radioactive environment, the tunnel electronics must resist a total ionisation dose of up to 1kGy in 10 years. 
 

This first PhD year has been mainly invested on knowledge acquisition, bibliographic research, simulations and deep 

system understanding in order to identify improvements respect the current detector electronics, as detailed in the 

previous research plan. These simulations and investigations resulted in the specifications of our system. So far, different 

electronic components and potential collaboration with other CERN experiments have been identified. On the other hand, 

a prototype/demonstrator is now under development to validate our approach. 

 

2. Progress on methodology: 
Since some decisions had to be taken in terms of system architecture, regarding where to place the pCVD diamond 

detector signal digitalization, several studies were carried out in order to determine the impact of long cabling in the signal 

measurement. The simulation pCVD model has been completed, and reliable models of coaxial cables have been 

developed and practically validated through measurements. These mathematical models, joint with the accelerators 

characteristics were introduced in a Matlab script with a user interface to simulate accurately the signal output of the 

detector when a scan is performed under certain conditions. The signal degradation after certain length of cable, the 

impact of different digitalization schemes, the SNR and also different filtering techniques were analysed to study the 

impact of long coaxial cabling on the measurement. This simulation model provided some theoretical information about 

the performance of different architectures, using data as realistic as possible in order to define important architectural 

factors of the system and ease the decision process. It was concluded that, to provide a high quality and low distortion 

measurements with bunch by bunch resolution, long coaxial cabling for analogue signal transmission should be avoided to 

reach a significant improvement respect current systems.  
 

The different CERN accelerators characteristics (PS, PSB, SPS and LHC), beam wire scanners locations and beam types used 

in the CERN’s experiments were studied; the accelerators information combined with the simulated pCVD signal response, 

determined the signal dynamic range needed for building a compact system which could work in any location. The results 

leaded to an estimated dynamics 1.6fC – 1.6nC (1e6), avoiding the need of a manual change of gains. The strategy chosen 

to cover such dynamics is the use of several signal chains at different levels of gain that would be digitalized in parallel and 

combined in a single profile measurement. This way we could profit of high dynamic range and good resolution for the 

profile Gaussian tails in bunch by bunch mode. 
 

From the pCVD readout electronics point of view, a revision of the different CERN’s experiment detector systems upgrades 

and related research laboratories was carried out to identify potential ASIC candidates; meetings took place with several 

experts as well as with possible commercial partners. Finally different ASICS were provided for testing, FATALIC 

(Laboratoire Clermont-Ferrand), QIE10 (Fermilab-CERN to be provided) and ICECAL (UB – LHCb). In this context, FATALIC 

was carefully tested with unsatisfactory results for our application. 

 

3. Progress on Results:  
As a result from this first year of PhD, the system architecture is completely defined, a front-end / back-end architecture is 

our baseline solution, with the signal digitization performed in the tunnel and the digital data sent though optical fibres to 

the back-end electronics in the service buildings.  
 

For the pCVD signal readout it is foreseen to use radiation tolerant integrator ASICs. At this stage of the project, two 

options are currently being pursued: QIE10, designed by FERMILAB for the CERN CMS collaboration and ICECAL, designed 

by University of Barcelona for CERN LHCb collaboration. In both cases full coverage of the expected signal dynamic range 



will be performed by splitting the pCVD signal and using two or three channels in parallel with different gain/attenuation 

factors. 
 

For the digital data transmission and synchronization through optical fibre, it is planned to use the CERN’s GBT standard 

with the GigaBit Transceiver (GBTx) and Versatile Link (VTRx) components being developed for the LHC experiments. These 

components offer a radiation hard, bidirectional optical link at 4.8 Gbps.  
 

Since the GBTx ASIC is under development, and not available for users yet a backup solution was needed for driving the 

GBT optical link, further investigations on Radiation Effects on FPGAs and mitigation techniques were carried out, as well as 

advanced VHDL training. Now, the design of the demonstrator system is based on a Microsemi (Actel) Flash-based Igloo2 

FPGA Development kit. Such FPGA has shown promising results under radiation and could be a valid final solution to drive 

the GBT link, allowing the data transfer, the timing data transmission and control. These last months the student has been 

developing the needed firmware for this FPGA and making different tests to assess its performance. 
 

Regarding the Back-End system, the VME FMC Carrier board (VFC) will be used. This is a new general purpose VME board, 

developed by CERN that provides 4 SFP+ connectors for fiber optic transceivers for the front-end communication and also 

one FMC slot with the standard VITA57 for custom or commercial mezzanine boards.  

 

4. Objectives for the next year: 

 Finishing the VHDL Firmware implementation of CERN’s GBT optical Link @ 4.8Gbps for FPGA Igloo2. 

 Study timing strategies and limitations for Front-End/Back-End synchronization for Bunch By Bunch 

measurements.  

 Validation of the Optical link with long Single Mode Optical Fibres on the laboratory in terms of data bit error rate 

and clock delivery. 

 Development a custom digitalization board for the pCVD readout electronics based on QIE10 and ICECAL Asics for 

testing. 

 Implementation of the whole Front-End prototype system. 

 Initial performance tests of the prototype on the laboratory. 

 Study the Front-End integration with the back-end VFC board (Firmware development on Back-end). 

 Start the design of the final compact board for Front-End module. 
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