Progress on the Si Tracking Detector
The aim of the simulations over the past few months has been to establish a basic working design for the Si tracking detector. The basic requirements for the detector are that it must have separation energy resolution on the order of an MeV and angular resolution on the order of a mrad – so that the interaction position can be calculated on the order of a mm. 

The initial design was based on work done previously by Oleg xxxxx (forgotten) at GSI based on the R3BSim simulation package. The design is that of a Si barrel detector with two layers of double sided silicon, with high granularity and 50 keV energy resolution. The first task was to implement these detectors into R3BROOT simulation and analysis package. 
The first phase of the simulations was to try and reproduce the simulations by Oleg. To do this an elastic scattering event generator was written and the output analysed using R3BROOT. 
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Fig 1. C.o.M angular resolution vs Proton energy for the p(12C,p)12C reaction
Fig. 1 shows the angular resolution in the centre of mass from elastically scattered protons from a Carbon target. The resolution agrees very well with what was previously measured. The detector set-up in this case were one layer of 8 Si detectors with 100 m pitch and 100 m thick placed at 2.5 cm from the beam axis. These detectors were 20 cm long by 2.0 cm wide. A second layer of 8 Si detectors, 20 cm in length and 4 cm wide were placed 10 cm from the beam axis. These also had a granularity of 100 m and were 300 100 m thick. 
The major task of the simulations so far has to investigate the angular and separation energy resolutions for (p,2p) reactions from a liquid hydrogen target. To this end an event generator, written by Leonid Chulkov, and H2 target have been incorporated into R3BROOT. 
Fig. 2 shows the separation energy resolution for (p,2p) reaction from a liquid hydrogen target at various 12C beam energies. It is clear that strip pitches between 0.01 and 0.05 cm make very little difference to the energy resolution over 500 MeV/u – 1 GeV/u. The resolution is on the order of 1.2 MeV (sigma). The angular resolution, taken as the residual of the true two proton opening angle and the measured opening angle, rises from 1 mrad to 3 mrad over the same range of strip pitches. An investigation into the detection efficiency for detecting both proton’s from this reaction was made. The results are shown in fig 3. 
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Fig 2 Separation energy resolution versus strip pitch for (p,2p) reactions at various energies (MeV per nucleon).
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Fig 3. Two proton detection efficiency vs detector length for various beam energies (MeV per nucleon)
The detector was increased in size from 20 cm long to 50 cm long and the efficiency measured for various beam energies. Even at the lowest beam energy most of the protons travel in the forward direction. The efficiency was measured for multiplicity 2 events where both protons were detected in both layers of Si. Although it is therefore necessary that the detector is as long as possible, this is technically challenging; as well as vastly increasing the number of channels (cost of electronics). Standard Si detectors are available in 4 inch or 6 inch technology. Choosing a 30 cm detector, two 6 inch Si wafers stitched together, and placing an end cap on the end of the barrel detector the efficiency was again measured for multiplicity 2 events.  For all beam energies the detection efficiency was on the order of 85 – 88%. The energy resolution does deteriorate by ~150 keV as those protons travelling in the forward direction travel through larger thicknesses of Si and so undergo greater angular and energy straggling. 

Finally the different contributions to the energy resolution was investigated.  It is clear that the major effects are due to the angular and energy straggling through the first detector layer and the target (~70% of the total resolution for strip pitches below 0.05 cm). It is therefore desirable for the inner layer of Si to be as thin as possible. Another large effect (~25 %) comes from the energy resolution of the CsI detectors; in this case assumed to be 1.5% of the detected proton energy. The energy resolution of the Si detectors, assumed to be 50 keV, has very little effect. The strip pitch also does not contribute much to the overall energy resolution until pitches above 0.05 cm. Here the granularity starts to dominate the reconstruction of the separation energy. It is therefore desirable to have a granularity of less than 0.05 cm. The initial design of the detector is shown in fig 4. 
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Fig 4. Initial design for the Si tracking detector showing 2 layers of Si with a circular Si “end cap”. A liquid hydrogen target is also shown. The Si tracker is also shown inside the Califa CsI array (bottom picture).
