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Fermi LAT and GBM

Data Access, File Structure
and the Standard Tools
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Fermi Science Support Center

Home
– Current News, FAQ, Helpdesk

Observations
– Descriptions of observing modes, planned and as-flown timelines,

multiwavelength observation coordination tools

Data
– Links for GBM and LAT data, data caveats, data and analysis methods

documentation, source catalogs, analysis tools, sample analyses

Proposals
– Detailed information on applying to the Fermi GI program (January deadline)

Library
– User’s Group information, articles/publications, conferences, historical and

mission overview documentation, mailing lists, news archive

http://fermi.gsfc.nasa.gov/ssc/
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Fermi Data Access http://fermi.gsfc.nasa.gov/ssc/data/access/
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LAT “Normal” Science Data
Events Files
– Photon files: all events needed for most science analyses
– Extended files: contain additional information about each event that is used for

specialized analysis
• Not required for any science analysis tool

– Weekly files: all events recorded in a specific mission week
• xTime utility can provide LAT Mission Week

– LAT Event classes:
1) Transient - Loose quality definition, significant background, good on short timescales
2) Source - Balanced quality, recommended for most analyses
3) Clean - High quality, very low background, less effective area
4) Ultraclean - Highest quality, recommended for diffuse studies

Spacecraft File
– Spacecraft Orientation and orbit position information
– One entry every 30 seconds
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LAT “Normal” Data Access
Download data from:

– http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi
• Allows retrieval of data for a specified region
• Default values correspond to suggested data selections for most analysis

types
• Energy range limited to 30 MeV - 300 GeV

– http://heasarc.nasa.gov/cgi-bin/W3Browse/w3table.pl
• Weekly files contain all event classes (10 MeV - 300 GeV)
• Weekly spacecraft files are also available,  but full mission file is

recommended (see below)

– FTP: Weekly files can be retrieved using wget
• Photon: ftp://legacy.gsfc.nasa.gov/fermi/data/lat/weekly/photon/
• Spacecraft: ftp://legacy.gsfc.nasa.gov/fermi/data/lat/weekly/spacecraft/
• Mission S/C file: ftp://legacy.gsfc.nasa.gov/fermi/data/lat/mission/spacecraft/
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LAT “Low Energy” (LLE) Data
Trigger Products for each period of interest (GRB, Solar Flare)
– LLE FITS file: time-tagged events for 2000 seconds around trigger time
– CSPEC PHA file: binned events in both energy (50 bins) and time (1 sec)
– CSPEC RSP file: Response matrix for the CSPEC PHA file
– PHA-I FITS file: Count spectrum
– LLE “Selected” file: LLE file with time cuts that match CSPEC and PHA-I files
– Pointing file: Spacecraft file with 1-second resolution

Quicklook files:



Fermi Solar Analysis Workshop                 GSFC,  August 2012              Elizabeth Ferrara - FSSC      7

LAT LLE Data Access
Download data from HEASARC Browse:

– http://heasarc.nasa.gov/cgi-bin/W3Browse/w3table.pl
• Select Fermi-LAT Low Energy Events Catalog and run Search
• Returns table with list of GRBs and Solar flares
• Select the periods of interest and the desired data products
• Generate and retrieve .tar file
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LAT Event Data
LAT Photon and LLE data structures are very similar

– Both file types contain:
• Position, energy, time, incidence angles, event identifiers, livetime

– Photon file also has:
• Event class, reconstruction version, conversion type, precalculated diffuse

responses

– Photon file does not contain the Transient event class
– LLE file does not use standard “event class” construct

LAT Event data:
– Contains reconstruction information for each event (~2x number of columns)

– Has all events in photon database PLUS the Transient class events
• Photon database = 207,000,000 events
• Event database = 1,450,000,000 events

       → MUCH more data
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LAT Spacecraft Files
Required for analysis

– Can have different entry spacing (60 sec, 30 sec, 1 sec)

– Files contain basic information about the spacecraft and instrument:
• Time interval, spacecraft position and direction, ground track position, geomagnetic

parameters, SAA flag, rocking angle, spacecraft and instrument modes

– Also contain data that is used for science analysis
• Spacecraft orientation, zenith direction, LAT configuration, position of the orbit pole,

position of the sun, data quality flag

– Data quality flag values:
• 0 = Bad data: Do not use.
• 1 = Good data: Use for normal science.
• 2 = Bright GRB event: Can use in standard analysis. Excluded from catalog analysis.
• -1 = Solar Flare: The standard IRFs do not properly describe the data.
• -2 = Particle event: The standard IRFs do not properly describe the data.

– In standard LAT analysis, you can filter on any set of values in the spacecraft file
• E.g., (DATA_QUAL==1) && (LAT_CONFIG==1) && ABS(ROCK_ANGLE)<52
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Flagging Solar Flares

 High flux of X-rays on the Anticoincidence Detector
– LAT team watches the ACD for pile-up due on sun-facing tiles
– Look for pile-up that coincides with a drop in the gamma-ray event

rate (transient class)
• Drop is due to events being inappropriately classified in ground

reconstruction as something other than likely photons.

– If both conditions are true, the LAT team will review the data and may
flag the period that the event rate was affected as a “bad time
interval” (BTI)

– BTIs due to solar flares are assigned DATA_QUAL = -1
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GBM Science Data
Daily data (per day ~ 1470)
– CTIME file: Accumulated counts in 0.256 second bins in 8 channels for each detector
– CSPEC file: Accumulated counts in 8.192 second bins in 128 channels for each detector
– Gain and Energy resolution history: For calculating Detector Response Matrices (DRMs)
– Position and Attitude history: For calculating DRMs
– TTE files: for periods when the GBM was in TTE collection mode

Burst data (per GRB ~ 600)
– CTIME file: Accumulated counts in 0.064 second bins in 8 channels for each detector
– CSPEC file: Accumulated counts in 1024 second bins in 128 channels for each detector
– Time Tagged Events (TTE) file : One file for each detector
– Detector Response Matrices: Precalculated DRM for each detector
– Spectral Background files: To be used for spectral fitting

Trigger data (per trigger ~ 2130)
– CTIME file: Accumulated counts in 0.064 second bins in 8 channels for each detector
– CSPEC file: Accumulated counts in 1024 second bins in 128 channels for each detector
– Time Tagged Events (TTE) file : One file for each detector
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GBM Data Access
Download data from HEASARC Browse:
– http://heasarc.nasa.gov/cgi-bin/W3Browse/w3table.pl

• Select which GBM Data Catalog you want (Trigger Cat for Solar Flares)
• Filter on Trigger Type to narrow down the list. Trigger types are:

DISTPAR, GALBIN, GRB, LOCLPAR, SFLARE (399), SGR (162), TGF
(273), TRANSNT, UNCERT, UNRELOC (1)

• Returns table with list of Triggers
• Continue as for LAT LLE...
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GBM Event Data
GBM Time-Tagged Events data

– List of event time and associated energy bin (128 bins)
– Energy bin min/max values are included in the same file

GBM CSPEC data
– Array of 128 counts values (one for each energy bin)

– Start/end times for the integration (8.192 sec), exposure, and quality flag
– Energy bin min/max values are included in the same file

GBM CTIME data
– Array of 8 counts values (one for each energy bin)

– Start/end times for the integration (0.256 sec), exposure, and quality flag
– Energy bin min/max values are included in the same file
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Standard LAT Science Tools

http://apod.nasa.gov/apod/ap120315.html
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Available at FSSC

Supported
platforms

- If your system is not
supported, try the closest
binary distribution first

- If that doesn’t work, you can
try building from source
(not recommended)

http://fermi.gsfc.nasa.gov/ssc/data/analysis/software/



Fermi Solar Analysis Workshop                 GSFC,  August 2012              Elizabeth Ferrara - FSSC      16

Science Tools: Documentation
Multiple levels of Documentation

– Detailed ] analysis description
(‘Cicerone’)
• Describes instrumentation and

data acquisition
• Explains analysis methods
• Provides current

recommendations from instrument
teams

– Analysis threads
• Follow the analysis chain step-by-

step

– Individual tool descriptions (like
fhelp)
• Explains individual parameters in

detail
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Science Tools: Structure
“Atomic” executables
– Allows for divergent analysis without task repetition
– Scriptable into more complex analysis chains

Standard file types
– FITS data i/o
– IRAF style param files

• Previous input values stored for re-use

– XML source models
– Text-based supporting files

Standard toolsets for astronomy
– FV, DS9, XSPEC
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Science Tools: Relationships
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Science Tools: Execution

Parameters can be input in three ways
– Command line entry - useful for scripting

• Allows modification of “hidden” parameters (likely not needed for standard
analyses)

– Last value stored in param file for next use
– Interactive prompted entry

• No access to hidden parameters

Parameter input can be mixed
– %gtselect
– %gtselect clobber=no
– %gtselect clobber=no, infile=events.fits, outfile=events_cut.fits, etc...
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Analysis Threads

These threads describe the
most common analyses.

(gtselect, gtbin, gtlike, etc.)

Specialized analyses are
also explained in detail.
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Analysis Threads

But remember:

Solar Analysis

is not considered

“standard” LAT analysis.

You WILL need to modify

recommended values.
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Need Help?

Try the FAQ!
– http://fermi.gsfc.nasa.gov/cgi-bin/ssc/faq/glastfaq.cgi

Or contact the Fermi Helpdesk at:
– http://fermi.gsfc.nasa.gov/ssc/help/

– Or by emailing fermihelp@milkyway.gsfc.nasa.gov
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Backup Slides
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Data Access: LAT Data Server

For all-sky data, you must download these

Can use “START” and “END”

Will write DSS position keywords
into FITS header

Maximum range for data server
(Default is 100 MeV - 300 GeV)
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Data Access: Data Server - 2

For questions,
contact the
Helpdesk

Duration of query can be very long (~ hours)
for extended data files
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Data Access: Data Server - Results

Save this information
for future reference

Search was
for Vela

Spacecraft file
is largest
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Data Access: Browse
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Data Access: Browse LLE
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Data Access: Browse LLE
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Data Access: Browse LLE
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Science Tools: Parameter Files
Contain parameter defaults or previous values

Parameters can be:
a = prompted
h = hidden
Hidden parameters
must be given on
command line.

To keep from overwriting files,
set clobber=no
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Preparing LAT data
• Prior to beginning an analysis you must:

– Select the event class (for Pass 6 data, use Diffuse in almost all cases)

– Decide how you intend to exclude time intervals where the bright Earth limb
comes close to the edge of your region of interest

• Combine photon files if necessary
– For large time ranges you will likely have multiple photon files

– Combine using @filelist.txt syntax where filelist.txt is a listing of all photon files
to be included, one per line

• Combine spacecraft files if necessary
– Easiest method is to request the full time range from the data server

– Can use ftmerge to concatenate the files together (not recommended)
• Be aware of updates to the header keywords
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LAT Data Selection
Event-specific cuts can be made with gtselect

– Time range, energy range, position, ROI radius, zenith angle

Temporal cuts using spacecraft file keywords are made with gtmktime
– This MUST be applied if a zenith cut was used with gtselect

Hidden parameters defined
on the command line

Parameter values can be
read from the header
keywords by inputting

INDEF

Or @filelist.txt

Applies zenith angle cut from gtselect
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LAT Data Selection - 2

Different cuts should be used for different types of data analysis
– Point Source analysis

• For hard spectrum sources, localization analysis may benefit from a higher
minimum energy cut due to energy-dependent PSF

– Pulsar Timing analysis
• Requires that spacecraft file span a greater time range than event file
• Data server automatically pads the spacecraft file, unless you use START

or END time keys
– GRB analysis (~ few hundred seconds)

• Typically uses “Transient” class photons (evclsmin=1)

The current set of cuts can be reviewed using gtvcut

Recommended cuts are documented at:
http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Data_Exploration/Data_preparation.html
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Binning for Visualization

gtbin can be used to create several useful visualization products
– Raw counts map

– Quick-look light curve

– PHA1 file

Results are in format used by other science tools like XSPEC

– Includes WSC keywords for ease of viewing

Useful to get a rough idea of the data, but do not include:
– Exposure correction

– Instrument responses
Require Likelihood analysis
for valid results
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Binning for Visualization
Making a counts map

To view the entire region,
match these values to the

header values

Here, ROI diameter × image scale
= size of each axis
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Binning for Visualization
Making a quick-look lightcurve

Times do not have to
align to full data series



Fermi Solar Analysis Workshop                 GSFC,  August 2012              Elizabeth Ferrara - FSSC      38

Binning for Visualization
Gtbin products are easily viewable in fv or ds9


