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Abstract: This paper discusses the use of an eScience Grid in providing computational resources for a modern particle physics experiment. A job submission system was written to provide users with easy access to grid resources to run their analysis programs over huge datasets. Two examples were developed and used to establish the practicality of the system. The first was a study of particle behavior in the Electromagnetic calorimeter, and the second was the study of  reconstruction from pairs of photons.

This paper presents how eScience approaches can contribute to High Energy Physics (HEP) data analysis by providing access to large scale computing resources. 

The BaBar experiment studies the differences between matter and antimatter, to throw light on the problem, posed by Sakharov, of how the matter-antimatter symmetric Big Bang can have given rise to today’s matter-dominated universe. High energy collisions between electrons and positrons produce other elementary particles, giving tracks and clusters which are recorded by several high granularity detectors and from which the properties of the short-lived particles can be deduced.  Each recorded collision, called an event, comprises a large volume of data, and thousand of millions of events are recorded, giving a total dataset size of  hundreds of thousands of Gigabytes (or hundreds of Terabytes). 

The total event sample is separated into different datasets according to simple criteria, and a physicist will be interested in performing an analysis on a selected dataset. Such an analysis is computationally intensive owing to the size and number of the event files involved; a single dataset may contain many thousand event files, each containing thousands of events. Using a single node would take a prohibitively long time.   Each event file is processed by the same analysis program so several CPUs can be used in parallel to reduce the elapsed time.  However the limits of single clusters are now being reached, and a single analysis job needs the power provided by many clusters distributed across the world.

Grid computing provides the solution. Grid middleware, working over the internet, provides  the necessary infrastructure: many worker nodes (WN) managed by Compute Elements (CE) with jobs directed by resource brokers (RB), metadata management  by the Replica Location Service (RLS) and high volume data kept on storage elements (SE). 

The EasyGrid Job Submission software is an intermediate layer between the Grid, where the resources can be found, and the user, who has a pre-developed software analysis (written in C++) which they run on a chosen dataset. EasyGrid’s  first task is to find what event files are in the dataset. For each dataset there is a metadata file containing the names of the event files.  These physical files are registered with the RLS, with several logical file names in the format  datsetname_CEJobQueue assigned to them as aliases, showing the CEs which contain copies of that dataset.  (If a CE holds any of the files in a dataset it holds all of them.)  Searching all the aliases for a dataset name provides a list of CEs to which jobs can be submitted.  

The next stage is generation of all necessary information to submit the jobs on the Grid. This is done by the GEnerator of Resources Available (Gera) which produces the Job Description Language (JDL) files, the script with all necessary tasks to run the analysis remotely at a WN, and some grid dependent analysis parameters. The JDL files define the input sandbox with all necessary files to be transferred, and a WN balance load algorithm matches requirements to perform the task optimally. When the task is delivered in the WN, scripts start running to initialise the specific Babar environment, and the analysis software is downloaded.  (The analysis executable is allocated in the SE and its logical file name (LFN) is also catalogued in the RLS so any WN need download it only once.)

Users can follow up the process querying job status. If the job is done, a task recovering results in the user's directory is performed automatically. If the job was aborted in the process, the diagnostic listing is stored in the history file for further analysis.

EasyGrid was developed using the RAP (Rapid Application Prototyping) methodology. Several versions were developed, covering different approaches and functionalities, and two applications were used as examples,  which allowed us to evaluate each strategy and acquire information to write the production system specification. 

The first example was study the behavior of particles in the BaBar Electromagnetic Calorimeter (EMC). Fig. 1 shows the distribution of the energy deposited by charged particles and their momentum (as determined by the Drift Chamber). The different behavior of electrons, hadrons, and muons can be distinguished. Performing this analysis takes 7 days using one computer 24 hours a day. Using 10 CPUs in parallel, accessed via the Grid, it took only 8 hours.

The second  example was a study of  N   decays, with N= 1, 2, 3 and 4.  Fig.2 shows the invariant masses of pairs of gammas, as measured by the EMC. Pairs of gammas from   decay produce a mass peak at 135 MeV (the peak in the plot). All other combinations are spread randomly around all energies (background). There were 81,700,000 events in the dataset and it took 4 days to run in production, with 26 jobs in parallel: to run it in one single computer would take more than 3 months. 
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	Fig. 1 Analysis of Babar Electromagnetic Calorimeter capability to identify charged particles.
	
	Fig. 2 Reconstruction of π0 from Tau decays.


The important contributions of Grid use in HEP are:

· Fast results dealing with enormous databases (Terabytes). This allows researchers to test different approaches and have results faster allowing a more efficient use of time. 

· Sharing costs and balancing available resources. Researchers are not submitting everyday. There is a cycle process of submission, analysis, discussion, and  resubmission. The Grid allows the user access to resources throughout the world when they need them, and makes them available to others when they do not.   With enough users the load will balance to a large extent.

So far there has been no evidence for CP violation found using the Grid (though BaBar physicists have already made interesting discoveries using conventional batch computing). But as the dataset growing faster than Moore’s Law, the move to Grid computing is becoming essential.

