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WP1.2.1 : Requirements capture and design

Aim

The primary aim of WP1.2 is the provision of a package of SCT software monitoring tools which will allow:

· The continuous verification of the proper functioning of the SCT barrel and endcap detectors by the monitoring of SCT data quality and detector performance. This will be done in on and offline packages automatically run on commissioning data and ultimately on ATLAS physics data.

· The detailed analysis of SCT data to provide the necessary input required to verify/optimize the accuracy of the simulation (e.g chip-by-chip efficiency data, cluster sizes etc) and to study long term performance issues such as the degradation of the performance with radiation damage.

General Considerations
The Monte Carlo simulation of the response of the silicon modules has so far been tuned to data from test beam runs to provide a starting point. The simulation includes effects such as the Landau distribution, Lorentz angle effects and the effect of slow tracks crossing more than one strip. Suitable thresholds have been incorporated to reproduce the efficiencies and cluster sizes measured in test beam studies. In practice there will be variations in performance from module to module and ASIC to ASIC. The performance will also depend on the location in the Inner Detector and will vary as the radiation dose increases. Detailed information on module performance, for example the efficiency as a function of pT (at the ASIC and strip level), noise, cluster size as a function of pT, for the 4088 individual modules will be required to tune the simulation before production runs for physics analysis of LHC data. Besides the real-time monitoring of the SCT hardware performance and data quality, providing this information will be a primary goal of the SCT monitoring package.
The various components of the SCT monitoring code will have access to the SCT raw data, reconstructed clusters and space-points, reconstructed tracks (with or without pixel and TRT information), and to SCT configuration and conditions information stored in online or offline databases. Monitoring of the time-dependence of the SCT module efficiencies and noise rates using reconstructed tracks will be particularly important on a variety of time scales as the integrated radiation dose received by the SCT accumulates and the detector operating conditions change.

Following initial development and testing offline using simulated events, an online version of the SCT monitoring package will be commissioned early in 2006 as part of the combined barrel SCT/TRT tests with cosmics on the surface in SR1. This will be followed later in 2006 by cosmic running with the complete ID in the ATLAS cavern, prior to commissioning with LHC single beams and ultimately physics data in 2007. Continued evolution of both the online and offline monitoring code is expected during LHC running in response to a variety of different circumstances, many probably unforeseen before the start of data-taking.

Work Plan

Specific tasks to be carried out under WP1.2 are as follows:

Establish a prototype  continuous monitoring package for online and offline: 

An initial prototype monitoring package will be developed within the standard Athena framework, by building on, and extensively adapting, the monitoring code used previously for the ATLAS CTB data-taking as well as tools developed using official track reconstruction code and exercised on fully simulated data. The package will initially be tested on simulated single particle and minimum bias event samples.

The main tasks in developing the continuous monitoring package are:

· the provision and filling of a standard set of histograms summarising the main characteristics of the SCT data; 

· automatic analysis of the monitoring histograms to quantify the SCT detector performance (average occupancies, noise rates, module efficiencies) and to detect and flag potential problems (inconsistent data, dead or noisy channels, anomalously inefficient or unstable regions of the detector)  
· storage of selected monitoring output (statistical information, histogram analysis results) in a database for further inspection and analysis online or offline;

The monitoring package will be developed within the standard Athena framework, allowing monitoring to be carried out both offline on recorded SCT data, and online at the HLT/EF level.

The definition of a standard set of monitoring histograms: 

These should include

· hit maps of the SCT occupancy: per event, per layer/disc, per module, per side, and per channel;

· spatial correlations between hits on each side of a module, and between hits in different layers;

· cluster width distributions;

· hit multiplicities for reconstructed tracks, and distributions of residuals and pulls;

· timing checks (Bunch Crossing ID, LVL1 ID);

· correlation of SCT activity with reconstructed tracks in the pixel and TRT detectors;

· efficiency measurements at both the module level and for individual ASICs

Efficiency and noise determination using tracks: 
Given the binary readout to be used for the SCT, measurement of the SCT hit efficiency and the rate of noise hits requires the use of reconstructed charged tracks to differentiate the origin of SCT hits. The following tasks will be carried out:

· develop track quality and isolation criteria which can be used to select a track sample suitable for the determination of the SCT efficiency. This will include investigating whether SCT standalone tracks can be used or whether pixel and/or TRT information is also needed, and whether track re-fitting is necessary. Different selections may be needed online (where speed may be an issue) and offline, and for different running conditions;

· introduce known inefficiencies into simulated events and verify that these inefficiencies are correctly detected and determined by the monitoring code;

· study the event statistics required to determine the detector efficiency with appropriate precision at various levels (layer, module, chip, channel);

· study the effects of SCT misalignments on the efficiency determination;

· study the dependence of different deterioration scenarios (efficiencies, noise rates) on the efficiency algorithm;

This should lead into an offline tool using standard ATLAS simulation and reconstruction code to measure parameters such as efficiencies and cluster sizes as a function of pT as well as noise occupancies at the ASIC and strip level. 
Timing studies:

· Verify the timing of the detector using data taken in expanded mode, whereby three successive 25 ns time-slots are readout;

Automatic histogram checks: 

Provide software tools to carry out automatic checks and analysis on the monitoring data, including

· The provision of standard sets of reference, comparison histograms corresponding to normal detector operation under a variety of different data-taking conditions, for various different triggers;
· Automated searches for dead or noisy channels and for inefficient detector regions not already flagged as such;
· Analysis of the mean residuals and pulls for SCT hits included in reconstructed track fits, and the automatic flagging of problems;
Database interfaces:

· Provide a tool to allow the monitoring package to access information stored in the conditions database, including channels already flagged as masked/noisy, the detector operating conditions (temperatures, voltages), and the DAQ configuration;

· Provide a tool to allow a summary of the monitoring results (no of events, histogram file locations, statistics, dead/noisy strips) to be written to the conditions database;

· Provide tools to store detailed data from performance studies (e.g chip-to-chip efficiencies or noise occupancy), required for the optimization of the detector simulation, in a suitable form. 

Presentation of monitoring results: 

Provide utilities to ease the inspection of monitoring histograms and data, both by detector experts and by people on shift:

· Structure the monitoring histogram directories and contents to allow optimal presentation of monitoring results both online, by the Presenter, and offline, within ROOT;

· Provide rapid and efficient navigation through the SCT monitoring histograms to facilitate analysis of potential problems;

· Provide documentation of the monitoring package, at expert level and for non-expert users on shift;

Establish SCT monitoring in an online framework:

The online monitoring code must be able to run in the online AthenaPT framework within the Event Filter. This will be done initially as part of the combined SCT/TRT commissioning on the surface in early 2006, and will require extensive interaction with relevant experts from the SCT, ID, TDAQ, HLT and on-line communities. Cosmic ray data recorded during these tests will allow validation of the prototype SCT monitoring package, in both online and offline modes, with a significant fraction of the SCT barrel operational.

Provide longer-term SCT monitoring: 

As well as the real-time SCT monitoring aimed at providing rapid notification and analysis of potential detector problems, it will be important also to monitor the SCT performance on a range of different timescales from hours to years. Longer-term monitoring will probably be best provided outside any continuous monitoring package. 

