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1. Introduction
The Synchrotron Radiation Monitor Application (SRMA) is the software which allows an operator to monitor and control an LHC Beam Synchrotron Radiation Telescope (BSRT).  The BSRT is a beam diagnostic device which uses cameras to acquire images of the synchrotron radiation emitted by the beam in the LHC rings.  This image data is processed on the FESA front end to provide the beam horizontal and vertical profiles, positions, and sizes at the location of the BSRT.  The total integrated charge in each image is calculated to give a measure of relative bunch intensity.
This device is capable of measuring synchrotron light images of each individual bunch in the LHC.  

The hardware interface is handled by the BSRT FESA front end.  The front end also sorts the data and does analysis of the images
.  The interface to the front end is through the FESA class BSRTLHC.  The SRMA will allow the operator to view these data, and to manipulate, analyze and store the data, in accordance with the requirements set forth in this document.

BSRT data can be acquired at any LHC beam intensity. There is a superconducting wiggler with the BSRT which is used to produce more synchrotron light at lower beam energies.  This isn’t needed at higher energies. Even if the gain settings of the BSRT are set for low energies, no BSRT hardware will be damaged by acquiring data from a high intensity beam.

The BSRT is one of a class of profile measuring devices which also includes the wire scanners.  The functional requirements for all profile-measuring beam diagnostics devices is found in the References

There will be two BSRTs in the LHC, one for each beam.

1.1 About this document

The functional requirements for the Synchrotron Radiation Monitor Application are listed and described here.  It is anticipated that this will be an application program used by AB/OP and others in the CERN Control Centre and elsewhere during the commissioning and the operation of the LHC at CERN.

This application will be written in collaboration with the LAFS
 team at Fermilab.  Several Fermilab people will be present at CERN as needed during the writing, commissioning and operation of this application.  The interface to the BSRT hardware is provided by the AB/BI/SW group.  

First, we present an overview of the application; the objectives, the roles and the responsibilities.  Then we present the formal requirements.

The priorities of the requirements are listed as either “Critical” or “Expected.”  The former means that the application absolutely must have this feature.  The latter means that the application should have it, but it will not be necessary in the initial version(s) of the application.

In the requirements, we use the abbreviation “SRMA” for “Synchrotron Radiation Monitor Application.”

2. Application Overview

2.1 Objectives

The LHC BSRT is an instrument for measuring the transverse profiles of the LHC beams through the synchrotron light produced.  The Synchrotron Radiation Monitor Application is responsible for collecting the data from captured synchrotron light images, for making fits of the returned beam profiles (horizontal or vertical projections), and for calculating the implied emittances based on the results of the fits and using the LHC lattice function values.  The SRMA must display the images, profiles, and calculated values to the operator.  Furthermore, the SRMA needs to be able to store beam profile and image information and to retrieve historical beam profile and image information.  

2.2 Roles and Responsibilities

There are no special roles in the application, just the user and the BSRT device itself.  The interaction with the BSRT device is through LSA and JAPC software components and through the FESA front end class(es) provided for that purpose.  
The SRMA will not perform any calibrations comparing BSRT data with wire scanner data.  It is considered a separate engineering effort to use data from SRMA and the wire scanner data to perform these calibrations.
3. Functional Requirements

The functionality and the scope, performance and concurrency of the SRMA are discussed and presented in this section.

3.1 FunCtionality

The functionality of the SRMA is listed here.  It is divided into 5 sections, based on the general capabilities required.

3.1.1 Basic Considerations

The SRMA will be written using the LSA architecture.  No unique interface techniques shall be employed.  Moreover, the application shall  use the high-level LSA components like the JDataViewer.  
The SRMA should not do any harm.

The following tables contain the functional requirements:
	Num 
	Title 
	Description 
	Priority 
	Source 

	1.10 
	Common 
	The SRMA shall be written using LSA and JAPC components in the standard way 
	Critical 
	

	1.20
	Look & Feel 
	The SRMA shall have the standard LSA look and feel. 
	Critical 
	 

	1.30
	Bunch Numbering
	The SRMA will follow operations-defined bunch numbering specifications.
	Expected
	

	1.40
	Bunch Sequencing
	The SRMA shall make use of the LHC soft timing system and API to know about the bunch structure of the beam.
	Expected
	

	1.50
	RBAC
	The SRMA will protect against unauthorized use with Role-Based Access Control.
	Critical
	SG 4-2007


Table 3‑1, General requirements.

3.1.2 Basic Measurement and Display Capabilities

The SRMA is responsible for displaying the beam profiles and images from the BSRT.  It will also display beam positions, sizes, and integrated bunch current (relative intensity) that have been calculated for each bunch or beam profile.  The SRMA will also use those sizes to calculate beam emittances, based on the lattice values at the BSRT location, as taken from the operational database. 
The synchrotron light intensity will vary substantially between injection energies of pilot bunches and the full-intensity LHC beam.  The application must be able to affect the gain on the BSRT electronics.  Since the hardware is protected against self-inflicted harm  caused by improper gain settings, no application-level extraordinary safety measures to set the gain properly are required. However, SRMA will use RBAC to authenticate the user and assign roles as needed to protect against unauthorized use.
The LHC ring contains 2808 particle bunches in 3564 slots that are separated by 25 nanoseconds.  The FESA front-ends that acquire the BSRT images can acquire this data in three ways:

1. One integrated beam measurement.  The synchrotron light is integrated and averaged to produce one transverse beam image, profile, and measurements at a rate of 1 Hz.
2. Bunch-by-bunch measurement. A fast camera is triggered to acquire an image for each bunch subsequent turns.  Profiles are measured and fitted for all bunches, but only approximately 300 single bunch images are stored.  The set of all data is updated about once every 2 minutes.
3. Single bunch, multi turn measurement.  The fast camera is triggered to acquire an image for the same single bunch on multiple (up 3564) turns.  All the individual turn profiles and fits are then calculated and again, approximately 300 single turn images are stored.

The Synchrotron Radiation Monitor Application will be able to show these basic data: the images, horizontal and vertical profiles and derived parameters such as position, size, and emittance.  The data will be shown both textually and graphically as appropriate and the operator will be able to select which bunches are displayed.  These data will be stored in a way that can be retrieved later by the SRMA or by another program. 
We state these ideas in these requirements:
	Num 
	Title 
	Description 
	Priority 
	Source 

	2.10
	Data 
	The SRMA shall collect image and profile (projection) data and key parameters from the BSRT front end(s).
	Critical 
	

	2.20
	Adjust gains 
	The SRMA will allow the operator to adjust the gains on the BSRT electronics in order to accommodate the differences in intensities in the LHC. 
	Critical 
	

	2.30
	Adjust Instrumentation
	The SRMA will only have minimal controls over the BSRT hardware.  It is envisioned that experts will configure the hardware and that these setup actions will be done by experts through a different application.  However, it is possible that there may be some small set of parameters such as filter settings, etc. that will be adjustable through SRMA (See Open Issues)
	
	

	2.40
	Wiggler Control
	Yet to be determined.  Preferably automatic based on energy and/or controlled through a different (expert?) application. (See Open Issues) 
	
	

	2.50
	Bunch Data 
	The SRMA  shall be able to plot each of the key parameters for all selected LHC bunches. 
	Critical 
	GA, 28-Mar-07

	2.60
	Text Output
	The SRMA will provide a textual table of the key parameters for all selected LHC bunches.
	Critical
	

	2.70
	Histogram 
	The SRMA shall histogram each of the key parameters for all selected LHC bunches. 
	Critical 
	GA, 28-Mar-07

	2.80
	Time Evolution Plots
	The SRMA will provide time evolution plots for operator-selected key parameters for selected bunches.
	Expected
	

	2.90
	Monitoring
	The SRMA shall provide a “monitoring” mode, such that once an operator has selected the bunches, graphics displays, beam, calculation options, etc., the SRMA will update with new data as it becomes available from the front end.
	
	

	2.100
	Key Parameters
	The key parameters returned by the BSRT front end shall be (where H stands for Horizontal and V for Vertical):

· Beam Centroid H
· Beam size/RMS H
· Sigma of Gaussian fit to the profile H
· Non-gaussian content of the beam H
· The 2 and/or the “goodness of fit” H
· Beam Centroid V

· Beam size/RMS V

· Sigma of Gaussian fit to the profile V

· Non-gaussian content of the beam V

· The 2 and/or the “goodness of fit” V

· Bunch intensity (integrated charge)
· Emittance H

· Emittance V

· Tilt

· Is there a 2D size/area measure?

	Critical
	

	2.110
	Emittances 
	The SRMA shall calculate emittances at the BSRT based on the fit results 
	Critical 
	GC, 26-Mar-07

	2.120
	Show Fits 
	The SRMA shall overlay the profile data and a curve representing fit result. 
	Critical 
	GC, 26-Mar-07

	2.130
	Show Many 
	The SRMA shall plot the profiles and fits from several profiles on one screen 
	Expected 
	GC, 26-Mar-07

	2.140
	Overlay 
	The SRMA shall be able to overlay all the selected profiles from a single axis on a single plot. 
	Expected 
	GC, 26-Mar-07

	2.150
	Show Images
	The SRMA shall be able to display the image from the operator-selected bunch.
	Critical
	

	2.160
	Select bunches 
	The SRMA will allow the operator to select which bunches are to be displayed in the various textual and graphical display options.  The subset may be only one bunch or may be all bunches. There may be constraints on the subset selected, such as the subset must be contiguous bunches.
	Expected 
	

	2.170
	Operating Mode Select 
	SRMA shall enable the operator to select which type of bunch data to acquire: single averaged beam data, multi-bunch, or single-bunch multi-turn.
	Critical 
	

	2.180
	Multi-bunch Image Select
	The SRMA shall enable the operator to select which bunch images (approx. 300 of the 3564 possible) are stored in and transferred from the FESA front end during multi-bunch acquisitions.
	Expected
	

	2.190
	Beam Select
	The SRMA shall select data from one of the LHC BSRTs at a time.
	Expected
	


Table 3‑2, Data acquisition and display requirements.


3.1.3 Fits

The front end will calculate the RMS, the centroid, the Gaussian fit, the Gaussian “residuals” for the horizontal and vertical projections and the total integrated image charge and return these numbers to the application.  It also will be necessary to do other fits within the application both (a) to verify the accuracy of the fits in the front end and (b) to determine if other functional forms better characterize the profile data.

These requirements represent these ideas.

	Num 
	Title 
	Description 
	Priority 
	Source 

	3.10
	Make Fits 
	The SRMA shall make fits to the measured profiles. 
	Critical 
	GC, 26-Mar-07 

	3.20
	Various Fits 
	The SRMA shall allow for arbitrary (using developed and integrated code libraries) fits on the measured profiles.  
	Expected 
	GC, 26-Mar-07 


Table 3‑3, Fitting requirements 

3.1.4 Data Archiving and Retrieval

It will be necessary to store and retrieve BSRT data.  This forms the following simple requirements.

	Num 
	Title 
	Description 
	Priority 
	Source 

	4.10
	Data Storage 
	The SRMA shall archive image and profile data and values calculated by the SRMA such as emittance.  (See Open Issues).
	Critical 
	GA, 28-Mar-07 

	4.20
	History 
	The SRMA shall access archived image data.  These profiles can be the ones stored by the SRMA itself, or other profiles that are stored by another agent, but that are in an identical format as the SRMA stored profile data. 
	Critical 
	GA, 28-Mar-07 

	4.30
	Browse
	The user shall be able to browse archived profile data.
	Expected
	

	
	
	
	
	


Table 3‑4, Data archiving requirements.

3.2 Scope, Performance and Concurrency

The SRMA will not be running continuously.  Therefore any results that it might calculate are by definition intermittent and can not be relied upon to provide a continuous history of those values for the beams.  Because of this, values calculated by the SRMA (e.g. emittance) are not pushed to the Timber logging system.  It is beyond the scope of this application to provide these continuously running calculations.

	Num 
	Title 
	Description 
	Priority 
	Source 

	5.10
	Scope
	The scope of the SRMA shall be limited to the BSRT, the data produced by the BSRT and the interaction with the user to manipulate these items.  The SRMA shall not be required to interact directly with other beam hardware or applications software.
	Expected 
	

	5.20
	Performance 
	The SRMA shall be able to display the data that are produced by the front end in real time.  The complexity of the display shall be limited so that this requirement is satisfied.
	Expected 
	GA, 28-Mar-07

	5.30
	Concurrency
	More than one instance of the SRMA shall run simultaneously. Control system features such as JAPC monitoring will be used to minimize impact on the front-ends.
	Expected
	

	5.40
	Lattice Values
	The SRMA will retrieve beam lattice values using standard LHC controls APIs and/or databases.
	Expected
	

	5.50
	Post Mortem
	BSRT data will be pushed to the Post Mortem system by the front end(s) (independent of the SRMA).  The SRMA will be able to read this data and then treat it like other BSRT data.
	Expected
	


Table 3‑5, Scope, performance and concurrency.

Open issues and assumptions 
The following is a list of assumptions made in these requirements and issues which are either not resolved yet or relevant but outside the scope of this document.

· The SRMA is designed to be an interactive tool for examining and manipulating data.  It will not be continuously running. 
· Since it is not continuously running, it will not write emittances or other data to the Timber logging system.
· It is not a continuous data logging system.  It will archive the data (images, profiles, and derived values) only on user command.
· The archived data it does provide will probably be SDDS files.  Since the files are to be written on user request, there is no current estimate on the amount of file storage required.
· The amount of controls over the BSRT hardware in this application is undefined at this time.
· The controls required for the wiggler in this application are still undefined.
· The source of the LHC lattice values is not defined yet.
· The ability of an application to receive notification of timing events and bunch structure is not wholly defined yet (table point 1.40).
· There will be a lot of commonality with the Wire Scanner Application in fitting and graphical displays.
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