
 Fermi Cycle-2 Proposal Workshop                NASA/GSFC,  Feb. 20, 2009                 Elizabeth Ferrara, FSSC       1

FSSC Science Tools

Analysis Examples
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Science Tools Structure

“Atomic” executables

– Allows for divergent analysis without task repetition

– Scriptable into more complex analysis chains

Familiar file types

– FITS data i/o

– IRAF style param files

– XML source models

– Text-based supporting files

Familiar toolsets

– FV, DS9, XSPEC
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Parameter File Example
gtselect.par
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Science Tools Execution

Parameters 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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Observation Simulation - 1

Simple example source model:

– LSI +61 303, flux estimated  from LAT monitored source page:

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc

• model as a constant source even though BSL paper shows that it

varies

– PKS 2155!304, high state

– Galactic diffuse component

– Isotropic extragalactic diffuse (EGRET measurement)

Could also use Bright Source List to build model

– http://fermi.gsfc.nasa.gov/ssc/data/access/lat/bright_src_list

Perform a week-long simulation
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Observation Simulation - 2
Define a source model in xml:

A more recent version

of the GALPROP model will be

available from the FSSC site

Flux units for the gtobssim

models are ph m-2 s-1
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Observation Simulation - 3

Other examples are distributed with the ScienceTools and can be found

in ${FERMI_DIR}/xml/fermi/observationSim

Models can be defined using the ModelEditor GUI
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Running gtobssim:

The pointing history will 

be generated with 

idealized survey mode

Observation Simulation - 4
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Auxiliary files for gtobssim:

Entries can

be commented

out with a “#”

Can include multiple

xml files here

Event

files

Pointing file

contains MC_SRC_ID

mappinga list of event 

files as input to 

the tools

Output files:
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Counts Maps - 1
All-sky map created with gtbin:

LSI +61 303

PKS 2155!304
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Counts Maps - 2

Counts maps with gtbin, all-sky map example:

event file or

list of event files
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Counts Maps - 3

LSI +61 303 and PKS 2155!304 regions:

Extraction regions

for Xspec analysis
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Likelihood Analysis - 1

Unbinned and binned modes are available. I’ll

describe unbinned analysis.

Several tools are needed to define the model and

prepare the data

– modeleditor: GUI for preparing the xml source model definition file

– gtselect: applies region-of-interest cuts – sky acceptance cone,

energy range (0.2 – 300 GeV), time range, zenith angles (<105°)

– gtmktime: constructs good time intervals (GTIs) based on pointing

information selections and zenith angle cuts

– gtdiffrsp: pre-computes integrals over spatial distribution of diffuse

sources and adds a column per source to the event file.
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– gtltcube: integrates LAT livetime as a function of sky position and

off-axis angle

– gtexpmap: computes RoI-specific exposure maps

– gtlike: fits model parameters using maximum likelihood

Details of the method can be found in

– http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone

Likelihood Analysis - 2
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Source Model Example



 Fermi Cycle-2 Proposal Workshop                NASA/GSFC,  Feb. 20, 2009                 Elizabeth Ferrara, FSSC       16

Using the ModelEditor GUI:

Add sources

(point-like or diffuse)

using the 

drop-down menu

Likelihood Analysis - 3
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Edit source name,

default fit parameters,

bounds, scaling, etc.

If a model component

requires a FITS image

(e.g., Galactic diffuse,

SNR), enter the 

filename here

Likelihood Analysis - 4
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Extract the data in the RoI:

Effective area varies 

strongly below 200 MeV

Zenith angle cut to avoid Earth

albedo photons. Important at low

energies and for pointed mode.

Choose an acceptance cone large

enough to characterize any sources

that may overlap with target

These defaults mean

“no time selection”

Likelihood Analysis - 5
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gtmktime, gtltcube

This removes time

intervals when the

RoI is intersected by

the zenith angle cut

Likelihood Analysis - 6
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Likelihood Analysis - 7

gtexpmap
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Likelihood Analysis - 8

gtdiffrsp
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Finally, running gtlike:

This is the xml model

file created using the

ModelEditor GUI

Likelihood Analysis - 9



 Fermi Cycle-2 Proposal Workshop                NASA/GSFC,  Feb. 20, 2009                 Elizabeth Ferrara, FSSC       23

Warning messages based on

Poisson probability of observed

counts given the model prediction

in these bands

The Test Statistic (TS) is distributed

as "2 for n dof. For a power law

model TS = 25 is roughly 5#
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Xspec Analysis - 1

PKS 2155!304, an HBL, with b = !52.2° (so the

diffuse component is fairly flat).

Extract source and background regions using gtselect:

7° radius 

background

region

2° radius 

source

region
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Xspec Analysis - 2

Run gtbin to create on-source and background pha

files, gtrspgen to generate response matrix.

Use grppha ftool to set background file and

background file scaling (ratio of solid angles).

Run Xspec as usual (statistic cstat).
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Xspec Analysis - 3

gtselect: 2 deg cone centered on PKS 2155!304
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gtselect on background region:

Xspec Analysis - 4
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gtbin to create pha file (same for source and bg)

Xspec Analysis - 5
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gtrspgen

There is effective

area at off-axis

angles > 60°, so

override default

Energy range should

be larger than data

selection

Xspec Analysis - 6


