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Progress Report

The main objective of the project is to write a computer sub routine from a chosen research paper for proton-antiproton collisions that based on the Monte Carlo simulations.  I spent my first term on the project, mainly learning the basic tools that I need to know to eventually write my own subroutine for proton-antiproton collision.  As I have no prior computer programming knowledge with programming languages such as Fortran, I have spent a large portion of the start of first term learning how to use the computer software that I will use for my final project.  This has mainly involved learning how to use HzTool and read Hbook; and then later in term 2 seeing how this can be applied to read a computer sub routine, “TevatronDijetCDF”.

I feel that I have progressed well with the project as I have attended regular Tuesday and Wednesday sessions for project work.  This has enabled me to carry out a continual and steady workload that has enabled consistent progress with the project; allowing me to keep to aims and deadlines that I have set myself throughout term one.  Also beneficial to keeping my project aims was the regular Wednesday meetings I had throughout the term with either Dr Butterworth or Dr Waugh I had throughout the term, which meant that sufficient time was always set aside to discuss my progress and to and resolve any problems I may have encountered.  

In my project outline from last term I stated that I would like to spend the beginning part of term one learning the commands of HzTool, to practise how to run routines in HzTool and to make histograms using PAW.  I then hoped that my work in the latter half of term one would progress to comparing a routine currently in HzTool to the research paper that it is written from, allowing me to understand the basic template from which the routines are based upon which would then aid me in compiling my own routine.  I feel that I have achieved this as I spent my time from the beginning of October to mid November learning HzTool and running the routines with my progress meaning that by the 24th November I was then working on understanding the commands used in the sub routine and the physics behind it.   Thus, the aims and how I worked on the project has not strayed from my original plan that was set out in the project outline in October.  

Any problems encountered have been minor.  For example, I did have some problems working out how to use the print command in HzTool as a specific set of commands is needed to first create and postscript file and then sent the postscript file to print.  Problems like this were easily overcome as once I knew the correct sets of commands to use it solves any future problems.  The ease of overcoming difficulties was also aided by the fact that the regular Wednesday meeting period was set out from the beginning of term so any problems encountered on the Tuesday before a meeting could be easily resolved the next day.  

I do feel that my progress with the report has gone well and that I am on target to complete the project on time.  I am now at the stage where I am competent with HzTool and also at the stage where I have thoroughly investigated a computer subroutine and soon I feel I shall be able to find a research paper for which there is no routine written from which I can write my own subroutine which will be the basis for the final report.  The next step in the project is to choose the research paper and then write the routine, which from the continuous work commitment in term one means that I am at the stage to do this.  

To indicate my progress in the appendix I have enclosed the computer sub routine TevatronDijetCDF, with some alterations that I have made myself and I will now discus the physics involved in the routine
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The bottom of this page contains error calculations.  I renamed the statistical error calculations ‘stater’ and the systematic error calculations ‘syser’.  Originally they were named the other way round which was quite misleading.  The values calculated in the routine come directly from the research paper from which this is based.  In the research paper there is a table giving the values for the differential cross section (named mass2 in routine) and also the percentage error for the systematic and statistical errors.  This can be found in the appendix.  So the error values were calculated directly by 

(Value of differential cross section) x (percent error)……. Equation 1

It is worth noting that the statistical errors are given two values of percentage error, one positive and one negative.  The positive errors are higher than the negative values; this is because the error is weighted so that the uncertainty is towards the higher limit.  In the routine an average value is used.  
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On this page ‘rapcuts’ were made.  These are rapidity cuts and it refers to the angle that the detector can see.  For example, the detector would not be able to collect data at a full 360 degrees around the collision point, as there are the beam tunnels in the way either side from which the two colliding beams enter. The rapidity cuts takes this into account by only looking at the region that the detector can take data from.  In the research paper from which the routine is written the cuts are referred to by,

“We selected Dijet events with two or more jets and required that the two leading jets have pseudorapidites >2 and <2 and satisfy |cos*| = tanh[where * is the scattering angle in the Dijet-centre-of-mass frame”

(Notes made here on pseudorpidites)
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The Dijet mass was calculated by using Einstein’s equation that relates the relativistic linear momentum, p, to the total energy, E, and the mass, M.

E2 = P2C2 +M2C4 …………..Equation 2
Where C=1 and therefore

M2 = E2 - P2………...Equation 3
In the routine on page 4 this is the calculation being used to calculate mtotal (the total mass of the Dijet).  In the calculations the energy and momentum of the two beams are added together to give a total value for the Dijet mass.  Below this the same calculation is carried out for mtotalUE, but with the addition of calculations for the underlying event.  The underlying event could account for anything else also created in the collision besides the two jets, for example, it could correct for additional jets being produced.  From the routine it is possible to see that this is taken to be a factor of (2.0 x 0.5) added into the total energy sum.  
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Part of the routine here called ‘norm (x)’, where x =1,2,3… contains calculations for the cross section.  A cross section () is a quantity describing the frequency with which an elementary phenomenon happens in a given reaction.  The scattering cross section is the effective area for a collision, the total cross section is a measure of the overall interaction probability and the differential cross section determines the probability of scattering in a given direction.  The formula used in the routine is 

Norm(1) = (1000)*total cross section

                                                         (Bin width)*(Ntotal)            ……..Equation 4
The bin width is the width of the bins for the bin edges given in table II.  The calculation of the cross section comes from

Differential cross section = bin  =   tot . bin  

m       tot . m       where bin = (tot )*(bin /Ntot)

……..Equation 5
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