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Science Operations ResponsibilitiesScience Operations Responsibilities

• Characterize, monitor and optimize LAT Performance at all levels
– individual LAT detectors

– calibrations
– performance and diagnostics

» correlate low level characteristics with housekeeping 
– LAT as an integrated particle physics instrument

– trigger and data flow
– system wide calibrations
– overall timing properties
– performance

» efficiencies, alignment, cross-correlation between detectors
– LAT as a high energy gamma ray detector

– monitor instrument performance and calibrations with
» particle (charged and neutral) background
» astrophysical sources

– identify new operational settings and observing strategies to optimize scientific return

• Coordinate investigation of instrument anomalies

• Coordinate LAT operations scientist program 
– very important at early stages of operations 
– can be phased out as we automate processes

• Science data processing and validation
– Support of data processing facility (pipeline)

– automation of some of the L2 data processing 
– Quick look science/alerts

– Refine parameters of GRBs that were detected onboard by the LAT
– Search for GRBs not detected onboard by the LAT
– Detection of flaring sources
– Monitoring of a predefined set of sources

– Standard product generation/delivery (to GSSC)
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LAT Collaboration and Science OperationsLAT Collaboration and Science Operations

• Participation is needed at many stages
– Pre- Launch (will show examples later)

– Development of Data Analysis Software
» exercise during LAT integration

– Development of tools for instrument monitoring and validation of
data

– Development of tools to support anomaly resolution

– Post-launch
– Data Analysis using Galactic Cosmic Rays and astronomical 

sources
– Instrument Performance Monitoring (include calibrations) 

» 24/7 coverage to benefit from geographical distribution of 
Collaborators

– Coordination and Leading roles within the ISOC

• Interaction of the Collaboration with the ISOC:
– Optimization of performance, calibrations and science monitoring

– Science Operations is the point of contact
– VRVS Meetings and workshops 

– to get the group together and exchange ideas
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Main Areas of Science OperationsMain Areas of Science Operations

• Quick Look Science 
– Refine parameters of GRBs that were 

detected onboard by the LAT
– Search for GRBs not detected onboard by 

the LAT
– Detection of flaring sources
– Monitoring of a predefined set of sources
– Study properties of N bright sources

• Instrument Performance
– Verify if deadtime and prescaling have any 

effect on pulsars and/or GRB science
– Characterize the SAA location 
– Characterize and monitor

– background rates
– on-board filter efficiency
– trigger performance
– noise properties

– Characterize instrument performance as a 
function of  orbital location

• Calibrations
– Calibrate Energy Scales with Galactic 

Cosmic Rays 
– Verify stability of intertower alignment with 

Galactic Cosmic Rays
– Align the LAT with astronomical sources 

and correct for fish-eye effect
– Verify calibration dependence on 

environmental parameters

• Operations
– Investigate on-orbit anomalies
– Develop new observing strategies to 

optimize science return
– Propose and validate optimized 

operational settings
– L1 and L2 data processing 

Below are few examples to illustrate our main responsibilities

All these areas are addressed through data analysis and monitoring tools (more on this later) 
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Successful partnership with LAT CollaboratorsSuccessful partnership with LAT Collaborators

• Data Challenges
– see Richard Dubois’s talk

• Instrument Analysis Effort
– Goals

– uncover hardware problems prior to lunch
– acquire operational experience with the LAT 
– develop and debug software and data analysis tools
– Understand how the instrument works

– Data Analysis results (see next slides)
– Analyzed data from LAT Integration and Test activities 
– Compared with MC simulations
– Continuous effort on a weekly basis over the last 20 months

» even during LAT construction!
– Main results were presented in 6 workshops

» average of 40 to 60 participants 
» expect one more workshop with data from final LAT testing

• Strong and continuous support from LAT Collaborators
– thank you ! (see next slides)

• Future Plans (TBR)
– Participate in Data Challenge3 to incorporate Instrumental effects
– Use weekly meeting and workshops to ramp up Science Operations Activities

Mostly data analysis and limited 
monitoring tool development
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Calibrations: Tower AlignmentCalibrations: Tower Alignment

the ideal tower

a horizontal shift

a vertical shift

a rotation

the real tower

From Michael Kuss (INFN/Pisa Italy)
Flags courtesy of www.theodora.com/flags used with permission 
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Calibration: Tower Residuals vs. slope of trackCalibration: Tower Residuals vs. slope of track

Before AlignmentAfter Alignment From Michael Kuss (INFN/Pisa Italy) Flags courtesy of www.theodora.com/flags used with permission 
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Operations: TKR Threshold vs Instrument ConfigurationOperations: TKR Threshold vs Instrument Configuration

change of 
calibrations

Change of 
instrument timing

Stable!

April 2005

Instrument Configuration:
(monitoring changes in time during I&T)

0: arrival at SLAC (April 2005)
1: charge scale calibration
2: Flight TEM installed
3: charge scale test
4: 6 tower test
5: 8 tower test
6: 16 tower test (Jan 2006)

Mean Threshold DAC

RMS increases even though we 
applied charge scale calibration. 

This turned out not due to the 
TKR problem, but 

bugs in the test script
(Feedback to operations)

Jan 2006

Flags courtesy of www.theodora.com/flags used with permission 

From Takuya Kawamoto 
(Hiroshima University/Japan)
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Calibrations: Trending TKR Circuit Gain MonitorCalibrations: Trending TKR Circuit Gain Monitor

Calibrations (gains) are stable!

4/28

Circuit Gain mean

RMS by Tower

Circuit Gain:

Output Voltage

Injected Charge

Instrument Configuration:
(trending calibrations during I&T)

0       : arrival at SLAC (April 2005)
1       : install in the flight grid
4       : adjust time delays
5-8    :  6 tower tests
9       : 8 tower test
10-11: 10 tower test
12     : 16 tower test (Oct 2005) April 2005 Oct 2005Jun 2005

change of 
Power supply voltage

Change of 
instrument timing

Flags courtesy of www.theodora.com/flags used with permission 

From Takuya Kawamoto 
(Hiroshima University/Japan)
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Calibrations: CAL energy scales using TKR extrapolated tracksCalibrations: CAL energy scales using TKR extrapolated tracks

Number of hits along the crystal Calibrated Mean energy along the crystal

Flags courtesy of www.theodora.com/flags used with permission 

From Frederic Piron and Eric Nuss
(Montpellier/France)
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This tile is 
flipped along x 

axis because 
cables go in +y 

direction.

Instrument Performance:  Find ACD screws using TKR extrapolated Instrument Performance:  Find ACD screws using TKR extrapolated trackstracks
Flags courtesy of www.theodora.com/flags used with permission 

From Luis Reyes 
(University of Maryland/GSFC/USA)
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Holes and leaks in top ACD tiles (threshold at 0.3MIP)

Operations:  ACD maps diagnose performance with different threshOperations:  ACD maps diagnose performance with different thresholdsolds
Flags courtesy of www.theodora.com/flags used with permission 

From Luis Reyes 
(University of Maryland/GSFC/USA)
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Current Usage of Resources from LAT CollaborationCurrent Usage of Resources from LAT Collaboration

• Instrument Performance and Calibrations
– Italy

– ~ 2 FTE
– France

– ~ 1.5 FTE 
– Japan

– ~ 0.5 FTE

• Number of FTE are difficult to quantify for the following reasons
– Collaborators were occupied with LAT construction 
– participation occur in phases (sometimes on weekly basis) and 

increases due to workshop meetings
– Collaborators will in the near future be also occupied with the 

Beam test
– see talk from Benoit Lott
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Science Operations: Tool DevelopmentScience Operations: Tool Development

• Data Retrieval Interface 
– allow access of L1 data using a 

flexible query system
– provide multiple outputs tailored 

to data analysis needs

• Data Quality Monitoring
– verify integrity of L1 data
– coarse monitoring

– instrument performance
– calibrations 

• Configuration Monitoring 
– allows visualization of 

instrument configuration used 
during data taking

– essential for investigating 
instrument anomalies

• Trending and Operations tools 
– allows trending of science, 

calibrations and also 
housekeeping data

As we transition from instrument analysis, science operations will need 
substantial help from the collaboration

The goal is to have as much as possible web based to facilitate access all over the world
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Science Operations: Current Data Analysis Web PortalScience Operations: Current Data Analysis Web Portal
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Science Operations: Data Retrieval InterfaceScience Operations: Data Retrieval Interface
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Data Retrieval InterfaceData Retrieval Interface
Developed with the online group
(used existing infrastructure from the BaBar 

experiment @ SLAC)

Serial Number of flight 
module and bay location

Flexible query system to support 
operations AND data analysis

L1 Data files

Instrument configuration report

L1 data quality reports 
(automated)

comments 
from 

operators

Needs to be tailored for on-orbit 
operations and to include L2 data
(need LAT collaboration support)
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L1 Data Quality Report (1)L1 Data Quality Report (1)

SAS Software version

Summary results for L1 Data
and location of archived data

Trigger information
graphical and tables

Needs to be tailored for charge 
injection tests and on-orbit 

operations and to include L2 data
(need LAT collaboration support)



GLAST LAT Project IFC meeting – Mar 13,2006

E. do Couto e Silva       19

Plots from L1 Data Quality Report (2)Plots from L1 Data Quality Report (2)

reconstructed track positions

calibrated energy scales ACD geometry and functionality 

trigger rates per tower 

Suggestion from 
Andrea Caliandro
(INFN/Bari Italy)

Flags courtesy of www.theodora.com/flags used with permission 

Needs input from LAT Collaborators to define distributions for on orbit operations
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Configuration ReportsConfiguration Reports

input configuration file
(to be replaced by a more robust database 

system for on-orbit operations)

Values of timing registers
in raw value and engineering units

(to support resolution of anomalies)

Needs to be tailored for on-orbit 
operations and linked to more 
complete database system that 

includes all register values
(need LAT collaboration support)

Calibration and other operational settings are not shown but are also 
present (the report is too long to fit in this slide)
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Operations Tools: Correlate Science and HousekeepingOperations Tools: Correlate Science and Housekeeping

Needs to be tailored for on-orbit 
operations and linked to more 

complete database system
(need LAT collaboration support)

Tower 0, bottom layer

Time Time
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Temperatures are accessible via Web based interface
(see Flight Operations talk from Rob Cameron)
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Operations Scientist/Shift TakersOperations Scientist/Shift Takers

• What for?
– to monitor quick-look products 
– to monitor instrument performance
– to assist in anomaly resolutions with ISOC leads 

• Coverage
– 24/7 to benefit from geographical distribution of LAT 

Collaborators
– need 3 FTEs

» 3-5 persons for checking data quality for each of 8 the 
contacts /day

» needs to be distributed around the Collaboration

• On-going discussions within the LAT Collaboration to define 
details
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Resources Needed from the LAT CollaborationResources Needed from the LAT Collaboration

• Need ~ 8-10 FTEs (until first year after launch) to support science Operations group to 
perform the following tasks

– data analysis
– quick look science
– instrument performance
– calibrations
– operations

– Tool development and/or tailoring
– data retrieval
– Data quality monitoring
– Configuration reports
– Operation tools (e.g correlate housekeeping and science)
– data processing

• Need ~ 3 FTEs (3 persons) to support science Operations group to perform monitoring
– few hours of work during the ~ 8 daily contacts but we need continuous coverage

• Currently we have the following support for data analysis and monitoring
– Italy

– 9-10 persons ~ 2 FTE?
– France

– 5 persons ~ 1.5 FTE ?
– Japan

– 2 persons  ~ 0.5 FTE?
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Back up slidesBack up slides
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Science Operations Tasks(1)Science Operations Tasks(1)
• Science Monitoring (Quick look)

– Development Phase
– Define distributions for Monitoring pages 

» code to extract indices and spectra needs to be developed
– Develop of algorithms 

– Operational Phase
– Refine parameters of GRBs that were detected onboard by the LAT
– Search for GRBs not detected onboard by the LAT
– Detection of flaring sources
– Monitoring of a predefined set of sources
– Refining parameters of solar flares

• Performance Monitoring
– Development Phase

– Update/develop offline timing analysis for on orbit operations
– GRB algorithm to improve localization on orbit (use GBM info and get 3D)

– Operational Phase
– Extract of properties of bright pulsars (e.g Crab)
– Extract Properties of N bright sources
– Verify effects from deadtime and prescaling for different instrument configurations 

» investigate if it has any effect on pulsars and/or GRBs
– Characterize the SAA 
– Study detector properties entering/exiting SAA
– Characterize background rates
– Characterize on-board filter efficiency
– Verify trigger performance  (arrival times, rates, etc, with unbiased samples)
– Characterize trigger rates per trigger type and per engine
– Characterize noise properties
– Characterize Environmental effects (correlations with housekeeping)
– Characterize Orbital effects (take SAA into account)
– Verify cross correlation/calibration between LAT detectors using gamma ray sources
– Characterize energy resolution (low and high energy)

Preliminary
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Science Operations Tasks(2)Science Operations Tasks(2)
• Development Phase 

– Planning
– Develop Requirements documents, validation plans and provide inputs to activation plan

– Monitoring
– Define distributions to be monitored and the layout of the monitoring pages for instrument performance and 

calibrations and develop code to address
» correlations between subsystems
» correlations between science data and housekeeping

– Calibrations
– develop and implement plan to validate calibrations (e.g. energy scales and energy resolution)

» algorithms, software  and database interface developments may be needed
– develop and test algorithms (MC) to verify orbital effects (if any), stability of alignment, fish-eye effect
– define constants to be trended and corresponding time scale for trending

» develop tools and displays needed to perform trending
– Operations

– define and develop tools and displays to identify and diagnose problems
» test with MC if possible

– define list of on-orbit anomalies and prioritize workload to prepare for them using MC
» anomalies could also be expected instrument degradation
» document expected environmental effects and produce a graphical interface of location of thermistors

– develop code for the analysis

• Operational Phase 
– Instrument Performance 

– Revisit distributions for monitoring 
– develop code for data analysis 

– Calibrations
– Calibrate Energy Scale with Galactic Cosmic Ray Calibrations with the CAL
– align towers with star tracker and correct for fish-eye effect
– Revisit trending

– Operations
– Investigate on-orbit anomalies
– Implement, test and validate optimized operational settings
– Revisit frequency and accuracy of calibrations
– Develop new observing strategies to optimize science return

– Note :
– Critical tasks (TBD) need to be covered by more than one person to create redundancy and minimize risks

Preliminary


