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* Overview of the Fermi Large AreaTelescope

= How it works
= LAT data
= LAT performance

* Fermi Science Tools
= General Introduction

« Maximum Likelihood Overview
= Source modeling

* One study case:
= 3c454.3: analysis tutorial

gtburst Analysis of GRBs
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Gamma-ray

 Today
* Introduction to the LAT data analysis
* LAT data introduction
* LAT data exploration
* LAT data preparation
e Preparation of Sky models

« Tomorrow
* Likelihood analysis of LAT data

 Hands-on on an Extragalactic source
* General LAT analysis with gtlike
* Light curve with aperture photometry
* SED (possibly)
e gtburst tutorial
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Large AreaTelescope (LAT)
20 MeV - >300 GeV

Gamma-ray Burst Monitor (GBM)
NaI and BGO Detectors
8 keV - 30 MeV

KEY FEATURES

|+ Huge field of view

—LAT: 20% of the sky at any
instant; in sky survey mode,
expose all parts of sky for
~30 minutes every 3 hours.
GBM: whole unocculted sky
at any time.

* Huge energy range, including
largely unexplored band 10 GeV -
100 GeV. Total of >7 energy
decades!

| +Large leap in all key capabilities.

Great discovery potential.
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How the LAT works

Precision Si-strip Tracker
(TKR) Measure the photon
direction; gamma ID.

Hodoscopic Csl Calorimeter
(CAL) Measure the photon
energy; image the shower.

Segmented Anticoincidence
Detector (ACD) Reject
background of charged
cosmic rays; segmentation
removes self-veto effects at
high energy.

Electronics System Includes

flexible, robust hardware
trigger and software filters.

4x4 array of

! Tracker

[surrounds

TKR 1
KR towers] Atwood et al. 2009

Systems work together to identify and measure the flux of cosmic gamma
rays with energy 20 MeV - >300 GeV.

9



Operating Mode

< Primary observing mode is Sky

Survey

Full sky every 2 orbits (3 hours)

Uniform exposure, with each
region viewed for ~30 minutes
every 2 orbits

Best serves majority of science, 1 Ok 1 voar
facilitates multiwavelength
observation planning

Exposure intervals
commensurate with typical
instrument integration times for
sources

EGRET sensitivity reached in
days

o

>
-~ -
Flux > 100 MeV (photem® 57 )

* Pointed observations when appropriate (selected by peer review in later
years) with automatic earth avoidance selectable. Target of Opportunity

pointing.
* Autonomous repoints for onboard GRB detections in any mode.

6



The Fermi Sky
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@, ermi What do you need for the analysis
Garma'ay'
/ Space Telescope
e Data ...of course! LAT DATA ARE PUBLIC!!

—LAT detected events
—Spacecraft related stuff
—Extras (Backgrounds, catalog sources, timing.. )

* Fermi Science Tools
— http://fermi.gsfc.nasa.gov/ssc/data/analysis/software/

» Other ancillary tools

— ftools, HEASOFT, DS9 etc..
— http://heasarc.gsfc.nasa.gov/docs/software.html

* Lots and lots of scripts!
— Fermi tools are already scriptable

— You can also use your favourite scripting language ... but ..

— Science Tools can be imported as Python modules!
8




LAT data analysis references

~ _ Fermi Data Analysis: starting points

@ss ermi

Gammaray
/ Space Telescope

Fermi Science Support Center: htip://fermi.gsfc.nasa.gov/ssc/

Fermi Newsletters: htip://fermi.gsfc.nasa.gov/ssc/resources/newsletter/

Fermi Data Access: http://fermi.gsfc.nasa.gov/cgi-bin/ssc/L AT/LATDataQuery.cqi

Fermi Science Tools Reference Manual:
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/references.html

Fermi Analysis Threads:
http:/fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/
http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/

Fermi - LAT Likelihood Algorithm description
http:/fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_Likelihood/
Cash W. 1979, ApJ 228, 939

Mattox J. R. et al 1996, ApJ 461, 396

Protassov et al. 2002, ApJ 57, 545

LAT Performance Page: http://www-glast.slac.stanford.edu/software/IS/glast lat performance.htm

The Large Area Telescope on the Fermi Gamma-Ray Space Telescope Mission, W.B. Atwood, et. al., ApJ, 2009, 695,
1071.

The On-orbit Calibrations for the Fermi Large Area Telescope, A.A. Abdo, et al. arXiv:0904.2226v1
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Gar"ma ray

/’ Space Telescope
http://fermi.gsfc.nasa.gov/ssc/data/analysis/

—. ~

-

Fermi « FSSC » HEASARC

N\A\ National Aeronautics and Space Administration Sciences and Exploration
\S]A Goddard Space Flight Center

Fermi -
Science Support Center R E A Mk

Home Observations Data Proposals Library HEASARC

Data Data Analysis

Data Policy

The Fermi mission is providing a suite of tools called the Fermi Science Tools for the analysis of both LAT and GBM data. This suite
was developed by the FSSC and the instrument teams, and was reviewed by the Fermi Users' Group.

Data Access

Data Analysis The full suite of Fermi Science Tools, which have been public since February 2009, are listed here.

+ System Overview From this website the released SAE tools can be downloaded, and the documentation can be accessed. In addition, we will maintain

+ Software Download a library of user-contributed software.
+ Documentation
+ Cicerone List of tools in the Fermi Science Tools

+ Analysis Threads Download currently released Fermi Science Tools
* User Contributions Download currently released GBM software
Caveats Fermi Science Tools documentation

Nl User-contributed software

FAQ
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Gamma-ray
" Space Telescope

LAT data products can be downloaded by the FSSC website
—LAT Data server http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi
—Archive of weekly files

—ftp://legacy.gsfc.nasa.gov/fermi/data/

Two main data products (stored in FITS format)

—Events file (FT1)

—i. e. “what the LAT sees”
— (photons, their energy, coordinates, time, event classes etc..)

—Spacecraft files (FT2)

—i. e. “where the LAT is”
— (position, angles..)

11



s ermi

Gamma-ray

Space Teles(ope

~

@ss ermi

Gamma-ray

Space Telescope

74 v Binary Table of

File Edit Tools Help

FT1: photons, photons...

File Edit Tools
Index

Help
Extension

Dimension

o
LI}

Primary
EVENTS

W ENERGY W RA W DEC L e W THETA

Select E E E E E E
A MeV deg deg deg deg deg
nvert| Modiy Modiy WModity Modify Modity Modify |

1 2 3 e 1 2 3

2 |2 3 e, 1 21 4

3 |1 3 0 1 1 3

[ 003 | 3.08e7226+002 | 1.1542778+002 | 2.360458E+001 | 4.293101

5 4. ) +002 | & 1 2. 7.

5 2 3 0 1 2 7

7 1 3 e 1 2.218270E+001 | 7.

8 1.547845E4002 | 3.234117E+002 | 8.472955E4001 | 1. 1856304002 | 2. 3634854001 | 7. 34618184001

9 1 3.4 e. 1 2 s

10 |'3.4493126+002 | 3.310049E+002 | £.453091E+001 | 1.189708E+002 | 2.299983E+001 | 5.160154E+001

11 S, c 7 1 1. 2.737013E4001

12 | 2.344030E+002 | 3.502021£+002 | 6.416479E+001 | 1.205161£+002 | 2.172313E+001 | 3.

13 |s 3 e 1 2 s

7 B 3 0 1 1 4.726143E+001

15 3. 3. 8. 1 2. 3.

16 ] 1.7477318+003 | 3.2841998+002 | e. 36591084001 | 1.1e21928+002 | 2. 24466E+001 | 3.2962748 4001

17 |1 3. ) 1 = 3.

18| 3 e 1.0 2 =

Events

0
22 cols X 172002 rows
2 cols X 1623 rows

Pﬂfv:Tabhhbo'mm ="
Total Columns: 22

Image

dart
L

si=lpl
1is{Pl

5

Total Rows : 172002

Selected columns for display

M ENERGY

M RA

M DEC

L

L)

M THETA

o PHI

M ZENITH_ANGLE
M EARTH_AZIMUTH_ANGLE
M TIME

M EVENT_ID

M RUN_D

M RECON_VERSION
M CALIB_VERSION
M EVENT_CLASS
M CONVERSION_TYPE
M LIVETIME

M DIFRSPO

M DIFRSP1

M DIFRSP2

M DIFRSP3

M DIFRSP4

g

__Cancs_|
Help

_———————————————————1

File Edit Tools Help

W START W sToP

Select D D

Al s s

Jnvert| Moty Moty
1 2.530705209249E+008 | 2.530762370846E+008
2 2.530 00e | 2.53081 08
3 2.530819 008 | 2.5 1E+008
4 2.530855789267E+008 | 2.530904 008
5 2.530918899232E+008 | 2.530963210855E+008
6 2.530979839214E+008 | 2.531022110850E+008
7 2.531040179214E+008 | 2.531081320847E+008
8 2.531100139199E+008 | 2.531143880845E+008
9 2.531159969215E+008 | 2.531205430862E+008
10 2.531219° 00g | 2.531 08
1 2.531279449252E+008 | 2.531327030917E+008
12 2.531337379250E+008 | 2.531387810841E+008
13 ] 2.531390149267E+00¢ | 2.531449260918E+008
14 2.5314 008 | 2.531507160843E+008
15 | 2.53150 2.531 008
16 2.531564579233E+008 | 2.531621740877E+008
17 ] 2.531621869233E+00¢ | 2.531679030844E+008

Good Time Intervals (GTIs) :
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| File Edit Tools Help
Index Extension

FT2: where is Fermi ?

Dimension

o Primary
R SC_DATA

0

29 cols X 886906 rows

Table

All | Select

| File Edit Tools Help
W START W sTOP M SC_POSITION M LAT_GEO M LON_GEO W RAD_GEO

Select D D 3E E E D

W Al s s m deg deg m

nvert| Modity Modify Modity Modity Modity Modity |
1 2.3956127° 008 | 2.3956130 Plot 6 000 |1 +002 | 5.504893679991E+005
2 2.395613076000E+008 | 2.395613376000E+008 Plot 7.383996E+000 | 1.304637E+002 | 5.50192790968E8E+005
3 2.3956133' 008 | 2.3956136’ Plot 8.168575E+000 | 1.320687E+002 | 5.499135114643E+005
4 2.395613676000E+008 | 2.395613976000E+008 Plot £.945851E+000 | 1 002 | 5. 005
5 2.39561. 008 | 2.3956142 Plot 9.715078E+000 | 1.352999E+002 | 5.494012096987E+005
6 2.3956142' 008 | 2.39561 Plot 1.047550E+001 | 1.369274E+002 | 5.491 005
7 2.3956145' 8 | 2.3956148' Plot 1.122635E+001 | 1 002 | 5.489517414953E+005
8 2.395614876000E+008 | 2.395615176000E+008 Plot 1.196685E+001 | 1.402090E+002 | 5.487538278698E+005
9 2.395615176000E+008 | 2.395615476000E+008 Plot 1.269626E+001 | 1.418642E+002 | 5.485701226070E+005
10 2.3956154 008 | 2.3956157 Plot 1.341378E+001 | 1.435296E+002 | 5.483998366015E+005
11 2.3956157 008 | 2.3956160° Plot 1.411865E+001 | 1.452058E+002 | 5.482435574869E+005
12 2.3956160 +00€ | 2.3956163’ Plot 1.481007E+001 | 1.468931E+002 | 5.481000357595E+005
13 2.3956163' 008 | 2.39561 Plot 1.548726E+001 | 1.485919E+002 | 5.479706011147E+005

spacecraft Data

74 fv: Table Info of L1307190811

Total Columns: 29
Total Rows : 886906

Selected columns for display

_seleanr |
_cearan_|
_ cancal |
_ tep |

%

g
z
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Gamma-ray

/ Space Telescope

LAT Instrument Response Functions (IRFs)
—Point Spread Function (PSF)

ff . A P8R2_SOURCE_V6 acc. weighted PSF
—_ 2
Effective Area ~10°, o Front68%
— i _ —e— Back 68%
Energy Resolution 5 At L Total 68%
8) 10 é_ .......... o X b 3 . -+-Fr0n195% ....................................
S F RH 1 - -Back 95%
- Highly dependentonenergy |2 | “\ybe, naht o B
and arrival direction of incident £ SRR AR
o b
photon 10'1 E ................
10'2 l . e R -
2 3 5 6
19 19 19 19 1?Enerqv (MeV)

 Fundamental for analysis!!

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm
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S New Pass8 data

Science Support Center

Home Observations Data Proposals Library HEASARC Site Map

Data Using LAT's New Pass 8 Data

» Data Poli
SOy The FSSC is now serving Pass 8 LAT data for analysis. The new version of LAT data provides a number of improvements over the

reprocessed Pass 7 data, and is considered the best dataset for all types of LAT analysis. As of the release date (June 24, 2015)
reprocessed Pass 7 data is no longer being served. However, existing Pass 7 reprocessed data has been archived and is available

» Data Access

» Data Analysis from the FSSC's FTP server.
Al Pass 8 provides a full reprocessing of the entire mission dataset, including improved event reconstruction, a wider energy range,
ST Doyvnload better energy measurements, and significantly increased effective area. In addition, the events have been evaluated for their
* Dgcumentaﬂon measurement quality in both position and energy. This allows the user to select a subset of the events if appropriate to improve
* Cicerone analysis results. To support the use of these data selections, there have been some structural changes to the Fermi Science Tools.
+ Analysis Threads
+ User Contributions Here we discuss the changes to the data and tools, and how they affect your analysis.

» Caveats

Pass 8 Bottom Line

LU Pass 8 contains a lot of changes, and the rest of this page may seem overwhelming. If you

» FAQ just want to get started doing a standard LAT analysis, here's the bottom line:

|
non " e Recommended event class for source analysis is "P8 Source" class (evclass=128).
PA Nl“‘- e Add eviype parameter to your gtselect call (convtype parameter is deprecated).
| Recommended event type for source analysis is "FRONT+BACK" (evtype=3).

¢ Recommended zenith angle cut to eliminate Earth limb events ("zmax") is 90 degrees for

events at 100 MeV and above.
e Recommended source list for analysis is the 3FGL Catalog. A python script is available at

the User-Contributed Tools page that creates XML model files using the 3FGL catalog FITS

file.

http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Pass8_usage.html




A Pass 8 introduction

What does Pass mean?

» Each pass corresponds to a version of the Fermi LAT data
* It implies a whole package:
* Intrument simulation
« Reconstruction code
Event selection
Instrument Response Functions (IRFs)
Systematic uncertainties
Isotropic template (which includes the cosmic-ray residual background)
And sometimes more (Galactic diffuse model, Earth limb template,
Sun+Moon template)

* It's only when we have validated the whole package that we can release
it to the public.




SR Pass8 introduction

amma-ray

From Pass 6 to Pass 8

« Pass 6 (launch time)
» Pass 6 reconstruction
Pass 6 selection
Based on pre-launch instrument simulation
First data revealed the issue of out-of-time pile-up (aka ghosts)
New: instrument simulation with ghosts -> correct IRFs

» Pass 7
» Pass 6 reconstruction
 New: Pass 7 selection optimized with simulations with ghosts

» Pass 8
 New: improved instrument simulation
 New: Pass 8 reconstruction, as ghost-proof as possible
 New: Pass 8 selection




A Pass8 Introduction

Pass 8 improvements

» Ghost handling
» Tracker: ignoring ghost hits
» ACD: partial deghosting
» Calorimeter: clustering and cluster classification

* Improved direction measurement
» Tree-based track finder

* Improved energy measurement
« Extension of the energy range: from ~10 MeV to ~3 TeV

* Improved track/ACD matching information
« Using the uncertainty of the tracker direction

* Improved event selection
* Using the ROOT TMVA package (tmva.sourceforge.net)

« Additional sub-classes of events




Pass8 performance

http://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm




Effective Area

Effective area (m°)

P8R2 SOURCE_ V6 on-axis effective area
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Pass8 Effective Area

Effective area (m°)

P8R2_SOURCE_VE6 effective area at 10 GeV, averaged over ¢
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Effective Area

Effective area (m?)

on-axis effective area
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P8R2_SOURCE_V6 acceptance
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amma-ray

Acceptance
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s, ey Point Spread Function

amma-ray

P8R2_SOURCE_V6 acc. weighted PSF
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x.@gm,: Point Spread Function

P8R2_SOURCE_V6 acc. weighted PSF 68% containment
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s, P Point Spread Function
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Energy resolution
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 SeTucne
‘Diffuse models (.txt & FITS files)

—To correctly take into accounts the galactic and extagalactic
backgrounds

—http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
« Source Catalogs (3FGL, 3FHL, PSRs, GRB, SNR ...)

* Region of Interest model definition (stored in XML files)
* More on this later ...

Choose the proper combination of

* event classes based on the probability of being a photon and
background level

 TRANSIENT (for very short events)
* SOURCE (suggested for source analysis)

* CLEAN and ULTRACLEAN (lowest particle contamination — for
diffuse sources analysis)

* Event types based on conversion point or PSF or Energy
reconstruction

36
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LAT background models

L. Extras 2 : Diffuse Models

/ Space Telescope

Galactic diffuse
model

gll_iem_v02.fit

Isotropic spectral template
(all)

isotropic_iem_v02.txt

Isotropic spectral template
(front)

Isotropic spectral template
(back)

isotropic_lem_front_vO02.txt

isotropic_lem_back_v02.txt

Detailed description

Model Description

ene X\ fv: Summary of gll_iem_v02.fit in /Users/ginotosti/ TUTORIAL/
File Edit Tools wa
Index Extension Type Dimension View

10 Primary Image 720 X 360 X 30 Header | Image | Table |

k] ENERGIES Binary  1colsX30rOWS  yoaer | Hist | Plot | Al | Select

2607 4E07 6E07 8E07 1608 12608 14E06  1BEGE  18E0B 2606

39.3884
64.0414
104.125
169.296
275.257
447.539
727.651
1183.08
1923.57
3127.52
5085.02
8267.71
13442.4
21856 9.
35535.5
57777 1.
93939.4

.57144e-07
.09665e~07
.72000e-07
.60007e-08
.24126e-08
.21114e-09
.20758e-09
.20365e~10
.35566e-10
.36933e-~11
.75583e-11
.41675e-12
.61572e-12
93124e-13 2
4.07167e-13
48419%e-13 6
6.49806e~14

ONSNNNDINSDINO -

N

Y
4.6946e-08
5.72124e-09
8.3579%4e-10
2.15325e-10
7.58059%e-11
2.95711e-11
1.16796e~11
4.68072e-12
1.93256e-12
8.02165e-13
3.52098e-13
1.44008e-13
6.04568e-14

.77996e~14
1.32929%e-14

.31664e-15
3.22598e-15

152736 2.13205e-14 1.49108e-15
248332 6.498e-15 4.85176e-16
403761 2.1144e-15 2.60915e-16

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
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LAT background models

LAT Background Models

Many analyses of LAT data require models of Galactic diffuse and isotropic emission. Detailed discussion of how the latest Galactic
diffuse emission models, which are available from this web page, have been developed is available, Acero et. al. (2016). Please
refer to the binned or unbinned likelihood analysis tutorials for some examples of how to incorporate theses models into your own
Fermi data analysis. Here is a list of IRFs and diffuse models to be used with the various data sets. We have provided the model
files for you to download. However, the files for the most recent data release are included in the Fermitools installation (in the
$(FERMI_DIR)/refdata/fermi/galdiffuse/ directory). As a result, it is unlikely that you will need to download each file separately.

For Pass 8, each event class and event type combination has a dedicated IRF and isotropic model. Only a subset are shown here,
as examples.

Galactic interstellar Event Selection/ Isotropic spectral template
emission model IRF Name
gll_iem_v06.fits Pass 8 Source (front+back, allPSF, iso_P8R3_SOURCE_V2.txt

(see below for PBR3 usage notes) | allEDISP)
P8R3_SOURCE_V2

Pass 8 Source (front only) iso_P8R3_SOURCE_FRONT_V2.txt
P8R3_SOURCE_V2::FRONT

Pass 8 Source (back only) iso_P8R3_SOURCE_BACK_V2.ixt
P8R3_SOURCE_V2::BACK

Pass 8 Clean (front+back, allPSF, iso_P8R3_CLEAN_V2.txt
allEDISP)

P8R3_CLEAN_V2

Pass 8 Clean (PSFO0) iso_P8R3_CLEAN_PSF0_V2.txt
P8R3_CLEAN_V2::PSF0

Pass 8 Clean (PSF1) iso_P8R3_CLEAN_PSF1_V2.txt
P8R3_CLEAN_V2::PSF1

Pass 8 Clean (PSF2) iso_P8R3_CLEAN_PSF2_V2.txt
P8R3_CLEAN_V2::PSF2

Pass 8 Clean (PSF3) iso_P8R3_CLEAN_PSF3_V2.txt
P8R3_CLEAN_V2::PSF3

Pass 8 Ultraclean (front+back, allPSF, iso_P8R3_ULTRACLEAN_V2.txt
allEDISP)

P8R3_ULTRACLEAN_V2
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High-level Data Products

e Catalogs and associated products
o LAT Point Source Catalog

LAT 8-year Point Source Catalog (4FGL)
Preliminary LAT 8-year Source List (FL8Y)
LAT 4-year Point Source Catalog (3FGL)
LAT 2-year Point Source Catalog (2FGL)
LAT 1-year Point Source Catalog (1FGL)
LAT 3-month Bright Source List (OFGL)

o Aperture Photometry Light Curves
= Aperture Photometry Light Curves for LAT 4-year Catalog Sources (Updated Weekly)

Flaring Sources in the LAT 4-year Aperture Photometry Light Curves (Updated Weekly)

= Aperture Photometry Light Curves for the LAT 2-year Point Source Catalog

Flaring Sources in the LAT 2-year Aperture Photometry Lightcurves

o LAT High Energy Source Catalog

LAT Third High Energy Source Catalog (3FHL)
LAT Second High-Energy Source Catalog (2FHL)
LAT First High-Energy Source Catalog (1FHL)

o LAT Monitored Source List Light Curves
o LAT Burst Catalog
o Extended Sources in the Galactic Plane (FGES)
o Second Fermi All-sky Variability Analysis Catalog (2FAV)
o 1st Fermi-LAT SNR Catalog
o LAT 3-year Catalog of Gamma-ray Pulsars
e Other useful data products
o List of LAT GRBs announced via GCN notices (external)
o List of LAT Sources announced via ATels
o LAT List of Detected Gamma-Ray Pulsars (updated frequently)
o LAT Pulsar Ephemerides from Publications
o LAT Background Models
o List of time gaps in LAT data

https://fermi.gsfc.nasa.gov/ssc/data/access/




Event classes

Standard Hierarchy for LAT Event Classes

Event Class

evclass

Photon
File

Extended File

Description

P8R3_TRANSIENTO020

16

X

Transient event class with background rate equal to
two times the A10 IGRB reference spectrum.

P8R3_TRANSIENTO010

64

Transient event class with background rate equal to
one times the A10 IGRB reference spectrum.

P8R3_SOURCE

128

This event class has a residual background rate that is
comparable to P7TREP_SOURCE. This is the
recommended class for most analyses and provides
good sensitivity for analysis of point sources and
moderately extended sources.

P8R3_CLEAN

256

This class is identical to SOURCE below 3 GeV.
Above 3 GeV it has a 1.3-2 times lower background
rate than SOURCE and is slightly more sensitive to
hard spectrum sources at high galactic latitudes.

P8R3_ULTRACLEAN

512

This class has a background rate very similar to
ULTRACLEANVETO.

P8R3_ULTRACLEANVETO

1024

This is the cleanest Pass 8 event class. Its background
rate is 15-20% lower than the background rate of
SOURCE class below 10 GeV, and 50% lower at 200
GeV. This class is recommended to check for CR-
induced systematics as well as for studies of diffuse
emission that require low levels of CR contamination.

P8R3_SOURCEVETO

2048

This class has the same background rate than the
SOURCE class background rate up to 10 GeV but,
above 50 GeV, its background rate is the same as the
ULTRACLEANVETO one while having 15% more
acceptance.




Event classes

Extended Hierarchy

Event Class evclass | Photon Extended File | Description
File
P8R3_TRANSIENTO020E 8 X Extended version of the PBR3_TRANSIENT020 event
class with a less restrictive fiducial cut on projected
track length through the Calorimeter.
P8R3_TRANSIENTO10E 32 X Extended version of the PBR3_TRANSIENTO010 event
class with a less restrictive fiducial cut on projected
track length through the Calorimeter.
NON-ACD Hierarchy
Event Class evclass | Photon Extended File | Description
File
P8R3_TRANSIENT015S 65536 X Transient event class designed for analysis of prompt

solar flares in which pileup activity may be present.
This class has a background rate equal to 1.5 times
the A10 reference spectrum.




Event types

Conversion Type Partition
Event Type evtype | Description
FRONT 1 Events converting in the Front-section of the Tracker. Equivalent to convtype=0.
BACK 2 Events converting in the Back-section of the Tracker. Equivalent to convtype=1.
PSF Type Partition
Event Type evtype | Description
PSFO 4 First (worst) quartile in the quality of the reconstructed direction.
PSF1 8 Second quartile in the quality of the reconstructed direction.
PSF2 16 Third quartile in the quality of the reconstructed direction.
PSF3 32 Fourth (best) quartile in the quality of the reconstructed direction.
EDISP Type Partition
Event Type evtype | Description
EDISPO 64 First (worst) quartile in the quality of the reconstructed energy.
EDISP1 128 Second quartile in the quality of the reconstructed energy.
EDISP2 256 Third quartile in the quality of the reconstructed energy.
EDISP3 512 Fourth (best) quartile in the quality of the reconstructed energy.
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Event Selection Recommendations (P8R3)
Analysis Type Minimum Maximum Max Zenith Event Class IRF Name
Energy Energy Angle (evclass)
(emin) (emax) (zmax)

Galactic Point 100 (MeV) 500000 (MeV) 90 (degrees) 128 P8R3_SOURCE_V2

Source Analysis

Off-plane Point 100 (MeV) 500000 (MeV) 90 (degrees) 128 P8R3_SOURCE_V2

Source Analysis

Burst and 100 (MeV) 500000 (MeV) 100 (degrees) 16 P8R3_TRANSIENT020_V2

Transient Analysis

(<200s)

Galactic Diffuse 100 (MeV) 500000 (MeV) 90 (degrees) 128 P8R3_SOURCE_V2

Analysis

Extra-Galactic 100 (MeV) 500000 (MeV) 90 (degrees) 1024 P8R3_ULTRACLEANVETO_V2

Diffuse Analysis or PBR3_SOURCEVETO_V2
(when interested in E>1 GeV

energy range)
Impulsive Solar 100 (MeV) 500000 (MeV) 100 (degrees) 65536 P8R3_TRANSIENTO015S_V2




Time Selection Recommendations

Recommendations

Analysis Type

ROI-Based Zenith Angle Cut
(roicut)

Relational Filter Expression
(filter)

Galactic Point Source Analysis no (DATA_QUAL>0)&&(LAT_CONFIG==1)
Off-plane Point Source Analysis no (DATA_QUAL>0)&&(LAT_CONFIG==1)
Burst and Transient Analysis yes (DATA_QUAL>0)&&(LAT_CONFIG==1)
Galactic Diffuse Analysis no (DATA_QUAL>0)&&(LAT_CONFIG==1)
Extra-Galactic Diffuse Analysis no (DATA_QUAL>0)&&(LAT_CONFIG==1)
Burst and Transient Analysis yes (DATA_QUAL>0||DATA_QUAL==-1)&&

(LAT_CONFIG==1)

IMPORTANT: For analyses where an ROI-based zenith cut is NOT performed, an exposure correction must be made using

the "zmax" option in the gtltcube tool.
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Caveats About Analyzing LAT Pass 8 (P8R3) Data

These caveats are relevant for the P8R3 version of the Pass 8 photon dataset. They supersede the set of caveats for analysis of the
previous version of Pass 8 (P8R2), Pass 7 reprocessed (P7REP), Pass7 (P7_V6) and Pass 6 (P6_V3 and P6_V11) event selections
and Instrument Response Functions (IRFs).

The LAT team is still working to validate all aspects of Pass 8 data and analysis. As a consequence it is expected that, in the coming
year, the range of application of Pass 8 data will be increased, the tools and files will be improved and the systematic uncertainties
will be decreased. These caveats will be modified accordingly.

The P8R3_V2 IRFs are defined between 5.62 MeV and 3.16 TeV but that does not mean that they have been fully validated over
this whole energy range. Following the Pass 7 validation effort, the LAT team has started performing studies in order to check the
consistency and precision of the instrument simulation and the instrument response representation provided by the IRFs. These
studies are based on the analysis of Vela (E < 10 GeV), bright AGN (3 GeV < E < 100 GeV) and the Earth limb (E > 10 GeV). They
include:

e comparing the distributions of reconstructed quantities between data and the simulation of the instrument for a given selection
(e.g. SOURCE class)

e comparing the fraction of events of a loose selection (e.g. TRANSIENTO020 class) that are accepted in a more stringent
selection (e.g. SOURCE class) in data and as predicted by the instrument simulation or the IRFs

e comparing the fraction of events in each event type for a given selection in data and as predicted by the instrument simulation
or the IRFs

e comparing the radial profiles of a point source in data and as predicted by the IRFs

Energy Range

Either because the disagreement between data and the IRFs prediction is too large or because the validation process was
hampered by lack of statistics, using data below 30 MeV or above 1 TeV is strongly discouraged. The effect of energy dispersion is
particularly large below 100 MeV where there is a non-negligible positive bias in the LAT energy reconstruction. Therefore it is highly
recommended to take into account energy dispersion (see the Pass 8 analysis and energy dispersion page) when analyzing data
below 300 MeV, and required below 100 MeV.

http://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT caveats.html
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Photon Simulation
Database gtorbsim
\ gtobssim
Event Data
Spacecraft Data

Utilities

gtvcut

gtirfs
Data Selection gtltsum

gtselect > gtpsft
gtmktime gtsrcid

! ! !
Light Curves Likelihood Timing GRBs Solar System
Counts Maps Analysis Analysis gtbin Analysis

Spectra gtlike gtbary g:r%ggeﬂ gtltcubesun
gtbin gtltcube gtpsearch .gt:ﬂq gtltsumsun
atbindef gtexpcube2 gtpspec gtburstiit texphpsun
q;exposure gtexpmap gtophase XSFEC intemp
gtsrcmaps gtpphase
gttsmap gtephem
gtmodel gtpulsardb
gtdiffrsp gtptest
gtfindsrc
gtsrcprob
modeleditor

46
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Analysis Tutorial - 1
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http://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cqi

Home Observations Proposals Library HEASARC Site Map

LAT Photon, Event, and Spacecraft Data Query

Data June 3, 2014: The data server is now loaded with reprocessed Pass7 photon data. This update is to the diffuse columns of the
photon data only See the caveats page for more information.

» Data Policy
NOTE: For queries encompassing the whole sky (or close to it), please use the pre-generated Weekly All-Sky Files available

> Data Access thiough LEASARC Biouics
+ LAT Data
+ LAT Catalog NOTE: Additional selections must be applied to data downloaded from the data server prior to use in a data analysis. See
+ LAT Data Queries recommended data selections and LAT caveats for more details.

+ LAT Query Results

+ LAT Weekly Files The photon database currently holds 385684180 photons, collected between 2008-08-04T1543:37 UTC and

2014-09-04T12:16:03 UTC (Mission Elapsed Time (MET) 239557417 to 431525763 seconds)

+ GBM Data
» Data Analysis The event database currently holds 2382326033 events, collected between 2008-08-04T15:43:37 UTC and 2014-09-04T13:36:18
UTC (Mission Elapsed Time (MET) 239557417 to 431530578 seconds).
» Caveats

Use xTime to convert between MET and other time systems.
» Newsletters

» FAQ
Start Search | Reset

Object name or coordinates: |3 454 3

Coordinate system: J2000 .

Search radius (degrees): 15

Observation dates: 55166, 55173 The week of the giant outburst!!
Time system: MJD -

-

Energy range (MeV):

LAT data type: Photon -

-

Spacecraft data: &




» Data Policy

» Data Access
+ LAT Data
+ LAT Catalog
+ LAT Data Queries
+ LAT Query Results
+ LAT Weekly Fies
+ GBM Data

» Data Analysis
» Caveats
» Newsletters

» FAQ

- Download both spacecraft and photon data €

Take note of the start and stop MET
follow the link

Your search criteria were:
Esuatoﬂal coordinates ‘dearees) (343.491,16.1482)
Time range (MET) (281318400,281923200) I
Time range (Gregorian) (2009-12-01 00:00:00,2009-12-08 00:00:00)
Energy range (MeV) (100,300)
Search radius (degrees) 15

The state of your query is 2 (Query complete)

Server Position in Queue
Photon Server Query complete N/A
Spacecraft Server Query complete N/A

The filenames of the result files consist of the query ID string with an identifier appended to indicate which database the file came
from. The identifiers are of the form: _DDNN where DD indicates the database and NN is the file number. The file number will
generally be 00" unless the query resulted in a large data volume. In that case the data is broken up into multiple files. The values
of the database field are:

¢ PH - Photon Database
* SC - Spacecraft Pointing, Livetime, and History Database
* EV-Extended Database

In the event that you do not see any files with the data type you requested listed below, you should try resubmitting your query as
there may have been a problem.

Filename Number of Entries Size (MB) Status
L14090420274034A4AC2B81_PHOO.fits 3372 0.33 Available
L14090420274034A4AC2B81_SCO00.fits 17120 252 Available

If you would like to download the files via wget, simply copy the following commands and paste them into a terminal window. The
files will be downloaded to the current directory in the terminal window.

wget http://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L14090420274034A4AC2B81 PHOO.fits
wget http://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L14090420274034A4AC2B81 SC00.fits
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[/home/]$ gtselect evclass=128 evtype=3

Input FT1 file[ph.fits]

Output FT1 file[filtered.fits]
RA for new search center (degrees) (0:360) [343.494812]
Dec for new search center (degrees) (-90:90) [16.1495]
radius of new search region (degrees) (0:180) [15]

start time (MET in s) (0:) [281318400]

end time (MET in s) (0:) [281923200]

lower energy limit (MeV) (0:) [100]
upper energy limit (MeV) (0:) [500000] significant source of
maximum zenith angle value (degrees) (0:180) [90] background)

> gtselect evclass=128 evtype=3 infile=ph.fits outfile=filtered.fits \
ra=343.49 dec=16.15 rad=15 tmin=281318400 tmax=281923200 \

emin=100 emax=500000 zmax=90

Note: all analysis steps are scriptable via explicit assign parameters on command-line. Look at
the manual for details. 51
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while passing in SAA and other

low-quality events

[/home/1$ gtmktime
Spacecraft data file[sc.fits]
Filter expression[(DATA QUAL>0)&&(LAT CONFIG==1)]
Apply ROI-based zenith angle cut[no]
Event data file[filtered.fits]

Output event file nameffiltered_gti.fits]

only proper

GTls

52
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[/home]$ gtbin

Type of output file (CCUBE|CMAP|LC|PHA1|PHA2|HEALPIX) [CMAP]
Event data file name[filtered_gti.fits]

Output file name[CMAP fits]

Spacecraft data file name|[sc.fits]

Size of the X axis in pixels[120]

Size of the Y axis in pixels[120]

Image scale (in degrees/pixel)[0.25]

Coordinate system (CEL - celestial, GAL -galactic) (CEL|GAL) [CEL]

First coordinate of image center in degrees (RA or galactic I)
[343.494812]

Second coordinate of image center in degrees (DEC or galactic b)
[16.1495]

Rotation angle of image axis, in degrees|0]

Projection method e.g. AITJARC|CAR|GLS|MER|NCP|SIN|STG|TAN:
[AIT] 53
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Use DS9 to look at the counts map of your ROI and check for close-by sources
> ds9 CMAP-fits &

» Click on region
zoom scale color region weS ' help * Click on load

none delete list load f save

Filter:
/data/glast/analysis/sara/allsky/” reg

Directory: Files:
; lgll_psc11month_vib.reg
- gll_psclimonth_v4rd _flags_

- S0C
‘ :gl _psczZ4amonth_v2.req >

Selection:

!
/data/glast/analysis/sara/allsky/old_catlgll_psc24month_v2
¢ REG FITS Al

OK Filter Cancel |

These files can be downloaded
from FSSC
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[/home]$ gtbin
Type of output file (CCUBE|CMAP|LC|PHA1|PHA2|HEALPIX) [LC]
Event data file name[filtered_gti smallROI.fits] > NB selected at 1 deg
Output file name[LC. fits]
Spacecraft data file name|[sc.fits]
Algorithm for defining time bins (FILE|LIN|SNR) [LIN]
Start value for first time bin in MET[281318400]
Stop value for last time bin in MET[281923200]
Width of linearly uniform time bins in seconds[86400]

95
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Use FitsView to look at the lightcurve:
> fv LC.fits & (rough estimate .. Not background subtracted)

File Edit Tools Help
Index Extension Type Dimension View
0 Primary Image 0 Header
11 1 e e LR Hist' Pot | Al | Select
2 GTI Binary 2 cols X1174 rows Header | Hist | Plot | Al Select
/4
enNo \ Select Plot Columns
'RowNumber ' Click on a column name then select the
ElementNumber corresponding plot axis or error bar
TIME Axis Column name or expression to plot
TIMEDEL
COUNTS X TIME
ERROR Y COUNTS
X Ervor

¥ Emmor ERROR
Rows:

_ | Add my curve to current graph
Plot Qear Close Help

56
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LC fits(COUNTS_1-133)_0

Rough estimate of light
curve
(background not
subtracted!)
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[/home]$ gtexposure

Light curve file[] Ic.fits

Spacecraft file[] sc.fits

Response functions[CALDB]

Source model XML file[none]

Photon index for spectral weighting[-2.1]
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Light-curve: calculate fluxes

Use FitsView to look at the lightcurve:

. 1
[ == S ;
> fV LCf'tS & (2] fv: Summary of lc.fits in /home/grb/GRBWorkdir/test3c454.3/ - O x
File Edit Tools Help
al
Index Extension Type Dimension View
mo Primary Image 0 Header | | |
- m1 RATE Binary 5 cols X 14 rows "“""l ""tl P'°'| al | select |
2 o S St el Hoaderl Hhtl Ploll Al | select |
i O fv: Binary Table of Ic.fits[1] in /home/grb/GRBWorkdir/test3c454.3/ - O x [T=
Fil File | Edit [Tools Help |
= H TIME B TIMEDEL B COUNTS B ERROR B EXPOSURE
T2 select D D J E E
M man s s Counts cm*2s .
b €
Ve invert | Modify Modity Moty Modify Modify
Pr 1 2.813400000000E+08 | 4.320000000000E+04 499 | 2.233831E+01 | 3.357058E+07 —
o 2 2.813832000000E+08 | 4.320000000000E+04 562 | 2.370654E+01 | 2.934804E+07
I 3 2.814264000000E+08 | 4.320000000000E+04 786 | 2.803569E+01 | 3.361577E4+07
_ 4 2.814696000000E+08 4.320000000000E+04 804 2.8354839E+01 2.940765E+07
He 5 2.815128000000E+08 | 4.320000000000E+04 789 | 2.s08914E+01 | 3.383388E+07
o 6 2.815560000000E+08 | 4.320000000000E+04 642 | 2.533772E+01 | 2.968254E4+07
7 2.815992000000E+08 | 4.320000000000E+04 704 | 2.653300E+01 | 3.394360E4+07
8 2.816424000000E+08 4.320000000000E+04 678 2.603843E+01 2.950936E+07
] 9 2.816856000000E+08 | 4.320000000000E+04 870 | 2.949576E+01 | 3.397395E+07
L 10 2.817288000000E+08 | 4.320000000000E+04 531 | 2.410394E+01 | 3.093104E+07
11 2.817720000000E+08 | 4.320000000000E+04 631 | 2.s511971E401 | 3.316395E407
12 2.818152000000E+08 4.,320000000000E+04 609 2.467793E+01 3.036927E+07
13 2.818584000000E+08 | 4.320000000000E+04 712 | 2.668333E+01 | 3.331383E+07
14 2.819016000000E+08 | 4.320000000000E+04 695 | 2.636235E+01 | 3.292730E+07
id
] |~ /

K Go to: ,— Edit cell:




Insert new column
Calculate rate
Calculate rate errors

Light-curve: calculate fluxes

% Applications Places System (@

b &

(] fv: Binary Table of Ic.fits[1] in /home/grb/GRBWorkdir/test3c454.3/
File Edit Tools Help
[ B TIME B TIMEDEL B COUNTS M ERROR B EXPOSURE
Select D D J E E
o Al s s Counts cm**2s
Invert Modify Modify Modify Modity Modity
1 2.813400000000E+08 | 4.320000000000E+04 499 | 2.2338318+01 | 3.357058E+07
2 2.813832000000E+08 | 4.320000000000E+04 562 | 2.370654E+01 | 2.934804E+07
3 2.814264000000E+08 | 4.320000000000E+04 786 | 2.803569E+01 | 3.361577E+07
4 2.814696000000E+08 | 4.320000000000E+04 804 | 2.835489E+01 | 2.940765E+07
5 2.815128000000E+08 | 4.320000000000E+04 789 | 2.808914E+01 | 3.383888E+07
6 2.815560000000E+08 | 4.320000000000E+04 642 | 2.5337728+01 | 2.968254E+07
2.815992000000E+08 | 4. . .394360E+07
7 L fv : add column info S
8 2.816424000000E+08 | 4.3 .950936E+07
9 2.8168560000008+08 | 4.3] Column Name | .397395E+07
10 2.817288000000E+08 4.3 .093104E+07
Column Format A 4
1 2.817720000000E+08 | 4.3 .316895E+07
12 2.818152000000E+08 | 4.3 Column Unit .036927E+07
13 2.818584000000E+08 | 4.3 ) .331383E+07
Display Format |
14 2.819016000000E+08 | 4.3 .292790E+07
Insert Before |End of Table A 4
oK ‘ Cancel ‘
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Light-curve: calculate fluxes

Insert new column - .
Calculate I’ate r”&] fv: Summary of Ic.fits in /home/grb/GRBWorkdir/test3c454.3/ - 0 X

Calculate rate errors g

File Edit Tools Help

Index Extension Type Dimension View
mo Primary Image 0 Header | |
- 1 RATE Binary 5 cols X 14 rows Header | Hist | Plot |EA. |
2 L S CL bRl Headerl Hhtl Plotl All | Select |
Hi = fv: Binary Table of lc.fits[1] in /home/grb/GRBWorkdir/test3c454.3/ -0 x 7=
Fil File Edit |Tools] Help ‘
= H TIME B TIMEDEL B COUNTS M ERROR B EXPOSURE
Td  select D D J E E
m man s s Counts cm**2s =
L €
Ve  invert Modify Modify —— Modify Modify ‘
Pr 1 2.813400000000E+08 | 4.320000000000E+04 499 | 2.233831E+01 | 3.357058E+07
| 7 2.813832000000E+08 | 4.320000000000E+04 s62 | 2.370654E+01 | 2.934804E+407
al 3 2.814264000000E+08 | 4.320000000000E+04 786 | 2.803569E+01 | 3.361577E+07
_ 4 2.814696000000E4+08 4,320000000000E+04 804 2.835489E+01 2.940765E+07
He 5 2.815128000000E+08 | 4.320000000000E+04 789 | 2.s808914E+01 | 3.383838E+07
o 6 2.815560000000E+08 | 4.320000000000E+04 642 | 2.533772E+01 | 2.963254E+407
7 2.815992000000E+08 | 4.320000000000E+04 704 | 2.653300E+01 | 3.394360E+07
8 2.816424000000E+4+08 4,320000000000E+04 678 2.603843E+01 2.950936E+07
] 9 2.816856000000E+08 | 4.320000000000E+04 870 | 2.949576E+01 | 3.397395E+07
= 10 2.817288000000E+08 | 4.320000000000E+04 sa1 | 2.410394E+01 | 3.093104E+407
11 2.817720000000E+08 | 4.320000000000E+04 631 | 2.511971E+01 | 3.316895E+07
12 2.818152000000E+08 4,320000000000E+04 609 2.467793E+01 3.036927E+407
13 2.818584000000E+08 | 4.320000000000E+04 712 | 2.668333E+01 | 3.331383E+07
14 2.819016000000E+08 | 4.320000000000E+04 695 | 2.636285E+01 | 3.292790E+07
id ]
-

[
Goto: | Edtcel:




Light-curve: calculate fluxes

Insert new column

Calculate rate

Calculate rate errors

B RATE
1E

Counis/cm**2s

Modity

B TIME B TIMEDEL B COUNTS B ERROR B EXPOSURE
Select D J E E
Ll fv: Calculator - 0O X
| vl|=
sin | cos | tan | log e | expl Columns Calculate
ash| aeou| ahn| log10 | sq'l| TIME Close
< | ==| > | rgn | gu | TIMEDEL Help
&& | || | (| ) | ~ || counts
PP 7| 8| 9 | /|| ERROR
e| 4| 5| & | * | exposure
EE| 1 | 2 | 3 | E | RATE
cL| o | . |#Row| + |
(see Help for more functions)

3

W Apply only to selected rows

[

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00

0.000000E+00




Light curve

= POW (Build 1.514) o x I

—_—

File Edit Colors Tools Zoom Replot Help
lIlc fits(RATE_1-14)_0
Graph coordinates:
(X,X) 1
Physical pixel: 1
(X,X) t i -
Image pixel: +{ +H
(X,X) 1 H i
Pixel value: -
X() 1
lc.fits(RATE_1-14) i
RATE (Counts/cm**2s)
| | | N
2.5e-05 — + — i
1.5e-05 — —
+ | I |
2.814e+08 2.816e+08 2.818e+08
TIME (s) N S
e
- 1=




Maximum Likelihood Overview
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Perform the fit: the likelihood approach

In high energy gamma rays it is never possible
to really isolate a source because of limited
statistics and strong and structured
background.

Therefore statistical techniques have to be
applied.

The most used method is the likelihood
analysis based on the Poisson statistics.

The method requires to assume a model for
the signal detected by the telescope.

* Assume a model W

* Model convolved with Instrument e L
responce Function (IRF) i | 7{‘1| -
« Maximizing likelihood find the best set —_— .

of parameters that reproduce the
observed spectrum
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Maximum likelihood technique

Given a set of observed data:

- Produce a model that accurately describes the

data, including parameters that we wish to
estimate

- derive the probability (density) for the data given
the model (PDF)

—> treat this as a function of the model parameters
(likelihood function)

- maximize the likelihood with respect to the
parameters - ML estimation.
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Maximum likelihood ingredients

Data: X = {z:} = {z1, 23, ..., TN}

Model parameters: O = {0;} = {04,0s, ...,00)
Likelihood: L(6|X) = P(X|O)

Conditional probability rule

for independent events: P(A, B) = P(A)P(B|A) = P(A)P(B)

For independent data:

P(X|0) = P({z:}|©) = P(21|©)P(z2, ..,zn|O) =
= P(z,|®)P(,|0) - - P(zx|O) = ]‘[sz|(-)
L(6|X) = HP:E,I(-)

L is the product of the probability of observing
the detected counts in each bin.
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Maximum likelihood estimation

Parameters can be estimated by maximizing likelihood.
9 Easier to work with log-likelihood:
In£(©) =InL(6]X) =) InP(x:|©)

Estimates of {6} from solving simultaneous

equations: dlnL
0

=0

{0k} 6—6)2
For one parameter, if we have: L(0) ~ e %3)_
then: &%InL 1

06® |; o}
so 2nd derivative is related to “errors”

Gaussian
approximation
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The Challenge

* Gamma-ray data is a list
of counts (photons)
reconstructed in the
detector.

* Qualitative exploration of
the data suggests the
presence of sources
(spatial clustering).

* Quantitative analysis
requires evaluating the
significance of a ‘model’
of our region.

Count Map
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amma-ray

The Procedure

* Basically the initial ‘model’ is a guess of the various
parameters of the sources in our region:

— location
— spectral shape
— flux

— etc.

The guess can be easier if you have a starting point like
the 2FGL (3FGL).

 We quantify (using the Likelihood Method) the
statistical significance of the model and vary the

parameters to determine the most likely parameter
values.
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Why Model Fitting?

We use the Likelihood method
because the LAT data are
limited by statistics, a bright
diffuse background and a
broad PSF.

The model construction
defines the questions we want
to ask which means:

— It will not answer a question

you are not asking (ie.
unknown parameters).

The Likelihood will not tell you
if a fit is ‘good’. If the model
does not represent your data
well, the results will also not
represent reality well.

P7SOURCE _V6 PSF at normal incidence

|

- Total 68% contanment
Front 68% containment

- Back 68% containment
- = Total 95% containment
Front 95% containment
- Back 95% containment

Containment angle (°)

10° 10° 10* 10°
8 165129 20M Energy (MeV)
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A Graphical Example

Model 1

. - ;szfj —

Model 2 ‘Model 2 > Model 1‘ Our Data

— u.zxfl o
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A Graphical Example

{(‘ u

Model 2 Model 3 > Model 2 ’ Our Data

73



amma-ray

Likelihood Analysis

* The likelihood £ is the probability of obtaining your data
given an input model.

* In our case, the input model is the distribution of gamma-
ray sources on the sky and includes their intensity and
spectra.

* One will maximize £ to get the best match of the model to
the data. Given a set of data, one can bin them in
multidimensional (energy, sky pixels, ...) bins.

£ is the product of the probabilities of observing the
detected counts in each bin.

L=1lp,
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Write L as a function of the source model

- The source model is folded with the IRFs in
order to obtain the predicted number of
counts

- The IRFs can be decomposed into three
funtions: Effective Area (proj area of the
detector * efficency), Energy Dispesion, Point
Spread Function

The function to maximize is:

- Small number of
counts in each bin -->
Poisson distribuiton

- Bin size infinitesimally
small

- Assume only steady
source for standard
analysis

l()g’ L‘ Z l()}.’, \I( ["‘,_1‘ ]),] fJ ) .\'ln...‘i
]

where the sum is performed over photons in the ROI. The
predicted number of counts is __

{Vpred

/ dE'dp' dtM(E',p',t)
Jnon
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Test Statistic

/v Null hypothesis max likelihood]h parameters

2o 2

TS = -2 log —; x _
L N m—h non fixed parameters

\ Alternative hypothesis max Iikelihood,lm parameters

* Inthe limit of a large number of counts, Wilk’s Theorem
states that the TS for the null hypothe5|s is asymptotically
distributed as %n where n is the number of parameters
characterizing the additional source.

*| As a basic rule of thumb, the square root of the TS is

approximately equal to the detection significance for a

given source.
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Summarizing
* Observed a photon from a location, at a time, with an energy.
° Assu me a model- S(E,p,t) Z‘:nl/f.f]-\l'p pi) 4 .\',,n(;-» " .N'..;'l‘,'.;-l ' E\ I:'.T,-.m.

‘mlm‘ ‘.c-m.u“m ‘ I Other Scurces ‘
Calculate the probability of that photon being detected assuming

our model: o - o
M(E,p,t) / dEdpR(E ,p',t: E.p)S(E,p, t)
SR

Calculate the total number of predicted counts assuming our model.
Npred = / dE'dp' dtM(E',p',t)
ROI

Adjust the model until this is maximized:

log L = Z log M(E';, 1) i) — Nored
Calculate the TS:

TS = -2 log — <o -

A Noo Xm—h
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Perform the fit: the likelihood approach

Absolute value of likelihood meaningless!

Comparison between model w/ and w/o source to
reject H, = no source

Many variables may be calculated BEFORE selecting
the models

IRFs depend on inclination angle:

Livetime Cube: seconds in AQ2 with a given z,

the time that the LAT observed a given position on
the sky at a given inclination angle

Exposure Map: integration of the effective area over
the FoV weighted by the livetime over a position-
energy gridz N = .[(I)model(grE(t))xALAT(QIE)

model

/8




aaaaaa

Keep in mind that ..

Many variables may be calculated BEFORE selecting the
models

Very important to have a reliable model

Absolute value of likelihood meaningless!

— Likelihood function has no meaning itself, e.g., it is not a
probability. Its usefulness comes from theorems such as

the LRT.

Comparison between model w/ and w/o source to
reject null hypothesis = no source (TS large = reject

null hypothesis)
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Analysis Tutorial - 2
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/\Q?ami Likelihood 1st step: gtitcube
Space Telescope
[/home]$ gtltcube zmax=90
Event data file[filtered _gti.fits]
Spacecraft data file[sc.fits]
Output file[ltCube.fits]
Step size in cos(theta) (0.:1.) [0.025]
Pixel size (degrees)[1]

The “livetime cube” must be re-calculated when a new time-

interval or a new ZA is selected
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< ermi Likelihood 2nd step: gtexpmap

[/home/]$ gtexpmap

Event data file[filtered_gti.fits]

Spacecraft data file[sc.fits]

Exposure hypercube file[ItCube.fits]

output file name[expMap.fits]

Response functions[CALDB]

Radius of the source region (in degrees)[30]
Number of longitude points (2:1000) [120]
Number of latitude points (2:1000) [120]
Number of energies (2:100) [20]

Computing the ExposureMap using ItCube. fits

il
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Quick check with DS9: fields must be homogenous

_ Y

5E+08 1E408 1.5E409 2E+08
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Likelihood 3rd step: the XML model

5. Create a source model XML file

The gtlike tool reads the source model from an XML file. The model file contains your best guess at the locations and spectral forms
for the sources in your data. A source model can be created using the model editor tool, by using the user contributed tool
make3FGLxml.py (available at the user-contributed tools page), or by editing the file directly within a text editor.

Here we cannot use the same source model that was used to analyze six months of data in the Unbinned Likelihood tutorial, as the
2-year data set contains many more significant sources and will not converge. Instead, we will use the 3FGL catalog to define our
source model by running make3FGLxml.py. To run the script, you will need to download the current LAT catalog file and place it in
your working directory:

prompt> make3FGLxml.py gll_psc_v16.fit 3C279_binned_gti.fits -o 3C279_input_model.xml
-G $FERMI_DIR/refdata/fermi/galdiffuse/gll_iem_v@6.fits -g gll_iem_v@6

-I $FERMI_DIR/refdata/fermi/galdiffuse/iso_P8R2_SOURCE_V6_v06.txt

-i 1so_P8R2_SOURCE_V6_v@6 -s 120 -p TRUE -v TRUE

This is make3FGLxml version 01rQ.

The default diffuse model files and names are for pass 8

and assume you have v10r@@p@5 of the Fermi Science Tools or higher.

Creating file and adding sources from 3FGL

Added 312 point sources, note that any extended sources in ROI were modeled as point sources
because psForce option was set to True

prompt>

Note that we are using a high level of significance so that we only fit the brightest sources and we have forced the extended sources
to be modeled as point sources. This only affects the lobes of Centarus A which are just outside the FOV.

It is also necessary to specify the entire path to location of the diffuse model on your system. The resulting XML model contains 312
sources. Clearly, the simple 4-source model we used for the 6-month Unbinned Likelihood analysis would have been too simplistic.

This XML file uses the spectral model from the 3FGL catalog analysis for each source. (The catalog file is available at the LAT 4-yr
Catalog page.) However, that analysis used a subset of the available spectral models. A dedicated analysis of the region may
indicate a different spectral model is preferred. For more details on the options available for your XML models, see:

e Descriptions of available Spectral and Spatial Models
e Examples of XML Model Definitions for Likelihood
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Gamma-ray

/ Space Telescope

Jmake3FGLxml.py gll_psc_v16.fit filtered_gti.fits -0 3c454.3.xml -G
$FERMI_DIR/refdata/fermi/galdiffuse/gll_iem_v06.fits -g gll_iem_v06 —I
$FERMI_DIR/refdata/fermi/galdiffuse/iso_P8R2_SOURCE_V6_v06.txt -i
iso_ P8R2_SOURCE_V6 _v06 -s 120 -p TRUE -v TRUE
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Gamma-ray

/ Space Telescope

-Backgrounds

<!-- Diffuse Sources -->

<source name="galactic_background" type="DiffuseSource">

<spectrum type="PowerLaw">

<parameter free="1" max="10" min="0" name="Prefactor" scale="1" value="1"/>
<parameter free="0" max="1" min="-1" name="Index" scale="1.0" value="0"/>
<parameter free="0" max="2e2" min="5e1" name="Scale" scale="1.0" value="1e2"/>
</spectrum>

<spatialModel file="gll _iem_vO06.fits" type="MapCubeFunction">

<parameter free="0" max="1e3" min="1e-3" name="Normalization" scale="1.0" value="1.0"/>
</spatialModel>

</source>

<source name="extragalactic_background" type="DiffuseSource">

<spectrum file="iso P8R2_SOURCE_ V6 v06.ixt" type="FileFunction">

<parameter free="1" max="10" min="1e-2" name="Normalization" scale="1" value="1"/>
</spectrum>

<spatialModel type="ConstantValue">

<parameter free="0" max="10.0" min="0.0" name="Value" scale="1.0" value="1.0"/>
</spatialModel> 08
</source>
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Gamma-ray

/ Space Telescope
Typical source entry for an assumed powerlaw

<source name="3c454.3" type="PointSource">
<spectrum type="PowerLaw2">
<!-- Source is in ROI center -->

<parameter error="0.00" free="1" max="1000" min="1e-06" name="Integral" scale="1e-04"
value="1.000"/>

<parameter error="0.00" free="1" max="0" min="-5" name="Index" scale="1" value="-2.000"/>

<parameter free="0" max="3e6" min="20" name="LowerLimit" scale="1"
value="100."/>

<parameter free="0" max="3e6" min="20" name="UpperLimit" scale="1" value="300000."/>
</spectrum>
<spatialModel type="SkyDirFunction">
<parameter free="0" max="360.0" min="-360.0" name="RA" scale="1.0" value="343.494812"/>
<parameter free="0" max="90" min="-90" name="DEC" scale="1.0" value="16.149500"/>
</spatialModel>
</source>

99



A~
gL .5-._)6m£ XML mOdEI

Gamma-ray

/ Space Telescope
Test different models... power law * HE exponential cut-off
<source name="3c454.3" type="PointSource">
<spectrum type="PLSuperExpCutoff">

<parameter free="1" max="1000" min="1e-05" name="Prefactor" scale="1e-07"
value="1"/>

<parameter free="1" max="0" min="-5" name="Index1" scale="1" value="-1.7"/>
<parameter free="0" max="1000" min="50" name="Scale" scale="1" value="200"/>
<parameter free="1" max="30000" min="500" name="Cutoff" scale="1" value="3000"/>
<parameter free="0" max="5" min="0" name="Index2" scale="1" value="1"/>
</spectrum>

‘Look here for source model definition and XML model definitions:
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/xml_model defs.html
http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/source _models.html

*Useful python script to load 2FGL sources that belongs to your ROl in
your XML file model ( make3FGLxml.py )

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

100




<, ermi Diffuse response

[/home/]$gtdiffrspEvent data file[]filtered_gti.fits
Spacecraft data file[] sc.fits

Source model file[] 3c454.3.xml

Response functions to use[] CALDB
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/ Finally... gtlike
J G performing the actual fit

[/home/]$ gtlike plot=yes

Statistic to use (BINNED|UNBINNED) [UNBINNED]

Spacecraft file[sc.fits]

Event file[filtered _gti.fits]

Unbinned exposure map[expMap.fits]

Exposure hypercube file[ItCube.fits]

Source model file[../xml_models/ 3c454.3 _model ROI15.xml]

Response functions to use[CALDB]

Optimizer (DRMNFB|NEWMINUIT|MINUIT|DRMNGB|LBFGS) [DRMNFB]

and refme later on with MINUIT (or NEWMINUIT)
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Gamma-ray
Space Telescope

{'3c454.3": {'Integral: '0.146106 +/- 0.00271733',
'Index': '-2.29973 +/- 0.017189',

'LowerLimit": '100’,

‘UpperLimit": '300000',

'Npred': '4171.85',

'ROI distance": '0',

"TS value': '"17548.4", —
'Flux': '1.46192e-05 +/- 2.7178e-07", energy binning

1) results.dat: fit results
2) counts_spectra.fits: the counts in a proper

extragalactic_background': {Normalization': '1.20197 +/- 0.23541",
'Npred'": '643.953/,

'Flux': '0.000170707 +/- 3.34331e-05'",

12

'galactic_background': {'Prefactor': '0.739969 +/- 0.251827",
'Index': '0',

'‘Scale': "100',

'‘Npred': '357.929',

'Flux': '0.000215978 +/- 7.35023e-05',
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Space Telescope

Plot

10?

o
o

counts/MeV
L I]I]I]

-

,vr] Ill]

y Il

L I LA

Solid lines follows the order
as they are listed in the file
results.dat:

black) ROI fit

red) 15t source (pks1510)
green) 2" source (galactic)
blue) 3" source (istropic)
Magenta) 4t source

10"
el acl]
10’ Encroy(llo\” 10°
! OJE—
‘» ‘;"-""""".""""""x"'l’"'f"r """ ’I """""""""""""""
I E 1]
ul‘ —— 10 u" y
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@, ermi Comparison of different models

Powerlaw * HE exp cut-off

{'3c454.3": {'Prefactor': '0.39194 +/- 0.00793161",

'Index1'": '-2.12802 +/- 0.03056",
'Cutoff': '5495.55 +/- 934.857 (MeV)
'Npred': '4157.04",

'ROI distance': '0',

'TS value': '17604.2',

'Flux': '"1.41693e-05 +/- 2.72878e-07"
(ph cm-2 s-1)

----> Comparing TS values for different
models!

For this source, in this time interval,
the model with the HE exponential
cutoff is favoured with respect to the
Simple Powerlaw

You can repeat analyses by yourself also following instructive and complete Tutorials on the FSSC web-

site:

- Standard Likelihood: http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/likelihood tutorial.html
- PyLike: http://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python_tutorial.html
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s, ermi SED modeling

Generate Spectral Points

To generate spectral points to plot on top of the butterfly that we just produced, you need to go back to the data selection part and
use gtselect (filter in python) to divide up your data set in energy bins and run the likelihood fit on each of these individual bins.
Luckily, there's a script that does this for us that we'll employ to get a final result. This script also generates the butterfly plot we just
produced so you won't have to redo that again and it also does a lot of checks on the data to make sure that everything is going ok.
If you've made it this far, you might be a little curious as to why we didn't jump right into using this tool but now you're in a position to
play with the python tools and make them do what you want them to. The script is also much more careful in handling units and
saving everything to files than we have been in this interactive session.

So download the likeSED.py user contributed tool (it's in the SED_scripts package) and load it up into python. You can find
information on the usage of this tool on the same page where you downloaded it. It can be used to generate an SED plot for both
binned and unbinned analyses but we're only going to work on a binned analysis here.

>>> from 1likeSED import *
This is 1ikeSED version 12.1, modified to handle Pass 7 selections.

Now you need to create a likelnput object that takes our unbinnedAnalysis object, the source name and the number of bins we want
as arguments. We're going to make 9 bins here like in the paper and we're also going to make custom bins and bin centers. You can
have the module chose bins and bin centers for you (via the getECent function) but we're going to do it this way so we can have the
double-wide bin at the end. We're also going to use the 'it2' file (the result of our fit on the full dataset with the NewMinuit optimizer)
for the fits of the individual bins but we need to edit it first to make everything fixed except for the integral value of PG 1553+113. Go
ahead and do that now. We're basically assuming that the spectral index is the same for all bins and that the contributions of the
other sources within the ROI are not changing with energy.

>>> inputs = likeInput(like, '3FGL J1555.7+1111',nbins=9)
>>> inputs.plotBins()




< ermi SED modeling

This last step will take a while (approximately 30 minutes) because it's creating an expmap and event file for each of the bins that we
requested (look in your working directory for these files). Once it is done we'll tell it to do the fit of the full energy band and make sure
we request that it keep the covariance matrix. Then we'll create a likeSED object from our inputs, tell it where we want our centers to
be and then fit each of the bands. After this is done, we can plot it all with the Plot function.

>>> inputs.fullFit(CoVar=True)

Full energy range model for 3FGL J1555.7+1111:

3FGL J1555.7+1111

Spectrum: PowerlLaw

32 Prefactor: 5.928e-01 2.586e-02 1.000e-04 1.000e+04 ( 1.000e-11)
33 Index: 1.621e+00 2.674e-02 0.000e+00 1.000e+01 (-1.000e+00)

34 Scale: 1.448e+03 0.000e+00 3.000e+01 5.000e+05 ( 1.000e+00) fixed

Flux 0.1-300.0 GeV 7.2e-08 +/- 4.2e-09 cmA-2 sA-1
Test Statistic 3141.46

>>> sed = likeSED(inputs)
>>> sed.getECent()

>>> sed.fitBands()

-Running Likelihood for band@-
-Running Likelihood for bandl-
-Running Likelihood for band2-
-Running Likelihood for band3-
-Running Likelihood for band4-
-Running Likelihood for band5-
-Running Likelihood for band6-
-Running Likelihood for band7-
-Running Likelihood for band8-
>>> sed.Plot()

This produces the following three plots: a TS plot, a counts spectrum, and a butterfly plot (statistical errors only):
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@ crmi SED modeling

Gamma-ray
Space Telescope

The TS plot shows the TS value for each bin in the spectrum produced by likeSED. Notice that the last bin is double-wide.
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Analysis Tutorial — 3
likelihood analysis with gtburst
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Check the “Navigation” plot

[ NON ) Figure 1
Navigation plots
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Gamma-ray
Spafe Telesmpe
00
Trigger name bn160905471
R.A. (J2000) 162.245
Dec. (J2000) -50.801

Trigger date (MET)  494767139.912

Detectors to display in the LC:
LAT (16 deg)

Loaded datasets: LAT

- You can zoonv/pan the light curve using the
[

toolbar at the bottom of the figure. For help on the use
of the toolbar, see
http:/matplotlib.org/users/navigation toolbar.html

Likelihood with gtburst

Counts/s

Fermi bursts analysis GUI

LAT

0

—1000

T
—750

T
-500

A€ Q=B

done.

* Updating keywords in the headers of the CSPEC file...

done.

gtllebin done!
Making the light curve...

Done!
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Camma ray
/ Sp ace Telexcope
[ ] ( ] Fermi bursts analysis GUI
rad 12 ?
irf p8_transient020e E ?
Zmax p8_transient020e
p8_transient020 b
start p8_transient010e i
tstop p8_transient010 ?
. p8_source
emin ?
p8_clean
emax p8_ultraclean ?
skybinsize p8_u|tra9|eanveto 9
p8_transient015s
thetamax 1800 T ?
strategy time a ?
1/4 Run eX Cancel
.
A€ Q= B
Here you apply cuts on the data.
done.
For intervals shorter than 100 s it is usually best .
[17] gtllebin done!
to use TRANSIENT class, while for longer intervals it Making the light curve...
is best to use the cleaner SOURCE class. You can use Done!
the function 'Make navigation plots' in the Tools menu  eyentfile -> /Users/flongo/FermiData/bn160905471/g11_ft1_tr_bn160905471_v00.fit
to decide which Zenith cut it is best to apolv. rspfile -> /Users/flongo/FermiData/bn160905471/gl1l_cspec_tr_bn160905471_v00.rsp
ft2file -> /Users/flongo/FermiData/bn160905471/gl1_ft2_tr_bn160905471_v00.fit
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@55 ermil

Gamma-ray

/ Space Telescope

See count map and list of photons

rad 12 ?
irf p8_transient020e & ?
zZmax 100 ?
tstart 0 ?
tstop 100 ?
emin 100 ?
emax 100000 ?
skybinsize 02 ?
thetamax 180.0 ?
strategy time d ?
1/4 Run Next -> Cancel

-15.00°

-20.00°

-25.00°

Dec (J2000)

-30.00°

-35.00°

348.00°

342.00°

336.00°
RA (J2000)

A€E> Q=

Class

330.00°

Here you apply cuts on the data.

For intervals shorter than 100 s it is usually best

L
to use TRANSIENT class, while for longer intervals it
is best to use the cleaner SOURCE class. You can use
the function 'Make navigation plots' in the Tools menu
to decide which Zenith cut it is best to aoolv.

Class
Class
Class
Class
Class

p8_transient@10@ only:
p8_source only:
p8_clean only:
p8_ultraclean only:
p8_ultracleanveto only:
p8_transient@15s only:

324.00° 318.00°

47

32
19
123

Energy (MeV)

pB_transient020e
® pB_transient020
pB_transient010e

® pB_transient010
pB_source
@ pB_clean

pB_ultraclean
pB_ultracleanveto
pB_transient015s

104 A
i . -
10° 5
i
Te
-
.. - %
¢ ’. )
102 q:’ » [ ] ®
I T T T T T T
0 20 40 60 80 100 120

Time since trigger (s)




A Create XML model

[ NON ) Fermi bursts analysis GUI
particle_model  isotr template E ?
galactic_model  template a ?
source_model  powerlaw?2 E ?
fgl_mode fast E ?
<- Prev. 2/4 Run Next -> Cancel

A €d Q=
You have to choose which model include in the

likelihood analysis. See Cutting the template around the ROI:
http:/fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/sou
rce_models.html for the list of available spectral model Keeping diffuse source 3FGL J@852.7-4631e (19.39 deg away) using template /Users/flongo/FermiTools/miniconda2/envs/fermi/share/fermito
for the source_model parameter. ols/data/pyBurstAnalysisGUI/templates/Velalr.fits...
Kept 1 point sources from the FGL catalog

Use 'PowerLaw2' for normal GRB analysis.

el




Select the parameters of the model

Fermi bursts analysis GUI

Double click on a parameter to change it.

Source Name
bn090510016
bn090510016
bn090510016
bn090510016
bn090510016
bn090510016
IsotropicTemplat
IsotropicTemplat
GalacticTemplate
GalacticTemplate

Name Value Error
Integral 0.01
Index -2

LowerLimit 100

UpperLimit  1e+(
RA 333.
DEC -26.
Normalizatio 1
Value 1
Value 1

Normalizatio 1

Min
1e-0¢
-6.0
20.0
20.0
-360.
-90.0
0.1
0.0
0.7
0.001

Max
1000.0
0.01
200000.
500000
360.0
90.0
10.0
10.0
1.3
1000.0

Scale Free Source Type

0.00 1
1.0 1
10 O
10 O
10 O
10 O
1 1
10 O
1.0 1
10 O
Done

PointSource
PointSource
PointSource
PointSource
PointSource
PointSource
DiffuseSourc
DiffuseSourc
DiffuseSourc
DiffuseSourc

Save

Feature
spectrum
spectrum
spectrum
spectrum
spatialModt
spatialModk
spectrum
spatialModk
spectrum
spatialModk

Feature Type Fe
PowerlLaw?2
PowerLaw?2
PowerlLaw?2
PowerLaw?2
SkyDirFunction
SkyDirFunction
FileFunction [..)iso_P8R2_TRA
ConstantValue
ConstantValue
MapCubeFunctio [..J/gll_iem_v06_ci




< ermi Fit plots

| NON | Figure 2

6
5_
<
4 4
T
o
£
= 37 £
[ - 1
3 310'
£ c 1
w27 S
[
2
o
9

i

f 14 + + + + + + + 10° 1

¢ . — Y .

< 102 103 104 10° 102 103 104
1 Energy (MeV) Energy (MeV)

A€E> Q= B A€E> Q= B




| Source name
| m— el
|GalacticTemplate

|

|

|

|IsotropicTemplate

|

|

|

Ibn@20510016

Valuel
Energy fluxl
Photon fluxl

|
Normalizationl
Energy fluxl
Photon flux|
|

Integrall
Index|
LowerLimit!
UpperLimit|
Energy fluxl
Photon fluxl

Fit results

Likelihood results

Valuel
---------- |
|

1l
2.1e-07|
0.0004431
|

0.426|
4.75e-08|
0.0001341
|
0.0003631
-2.031
1001
le+0@5|
1.33e-07|
0.00033]

Errorl

|

0.151
3.14e-08|
6.63e-051

|

1.321
1.47e-071
0.0004131

|

2.31e-05|
0.06281

n.a. (fixed)|
n.a. (fixed)|
8.44e-09|
2.2e-05|

Unitsl
--------- |
|

-1
erg/cm2/s|
ph./cm2/s|
|

-1
erg/cm2/s|
ph./cm2/s|
|
ph./cm2/s|
-1

MeV|

MeV|
erg/cm2/s|
ph./cm2/s|

2056

*** A1l fluxes and upper limits have been computed in the 100.0 - 1000.0 energy range.
*** Upper limits (if any) are computed assuming a photon index of -2.0, with the 95.0 % c.1.

Log(likelihood) = 769.199818608

New localization from gtfindsrc:

(R.A., Dec)

68 % containment radius
90 % containment radius
Distance from initial position =

= (333.567, -26.625)
- 0.028
- 0.040

0.039

Results of the last likelihood analysis. Select 'close' from the file menu to close this window.
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‘@5 ermi

Gamma-ray

/ Space Telescope

| NON )

tsmin 20 ?
optimizeposition yes d ?
showmodelimage yes d ?
spectralfiles yes d ?
liketype unbinned & ?
clul 0.95 ?
flemin 100 ?
flemax 1000 ?

<- Prev. 4/4 Run Finish! Cancel

Here you will perform a likelihood analysis on the data
you selected in the first step, using the model you
selected in the 2nd step.

The likelihood analysis should take between 5

w
and 10 minutes to complete.

Fit results

Fermi bursts analysis GUI

-15.00° -
-20.00* :
S Z
(=T s
2 25.00 - 09051001-
= - 1ts = 2056)
Z _
k1 B
30.00° - .
-35.00* _'

348 .00° 342 00° 336.00° 330.00° 324.00° 340.00° 336.00° 332.00° 328.00° 324.00°
RA (J2000) RA (J2000)
-— []
A€ed> Q=
90 % containment radius = 0.040
Distance from initial position = 0.039

NOTE: this new localization WILL NOT be used by default. If you judge it is a better localization than
the one you started with, update the coordinates yourself and re-run the likelihood
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Fermipy

A Fermipy

Docs » Welcome to Fermipy’s documentation! © Edit on GitHub

Installation

Quickstart Guide Introduction

Configuration

Output File This is the Fermipy documentation page. Fermipy is a python package that facilitates analysis of
data from the Large Area Telescope (LAT) with the Fermi Science Tools. For more information about
the Fermi mission and the LAT instrument please refer to the Fermi Science Support Center.

Welcome to Fermipy's documentation!

ROI Optimization and Fitting
Customizing the Model

Developer Notes The Fermipy package is built on the pyLikelihood interface of the Fermi Science Tools and provides
Advanced Analysis Methods a set of high-level tools for performing common analysis tasks:

Validation Tools

Data and model preparation with the gt-tools (gtselect, gtmktime, etc.).
Extracting a spectral energy distribution (SED) of a source.
Generating TS and residual maps for a region of interest.

fermipy package

fermipy.jobs subpackage

fermipy.diffuse subpackage Finding new source candidates.

GIEnEeIoy Localizing a source or fitting its spatial extension.

https://fermipy.readthedocs.io/en/latest/




3ML fitting tool

A The Multi-Mission Maximum

Likelihood framework

Docs » <no title> © Edit on GitHub

Installation

Intro

Minimization

Bayesian Posterior Sampling
Time-energy fit

Plugins

Modeling

Features

Tutorials

Frequently Asked Questions
API

threeML

il

Rollbar

Move fast and fix things!

, ML

The Multi-Mission Maximum Likelihood framework

Astrophysical sources are observed by different instruments at different wavelengths with an
unprecedented quality. Putting all these data together to form a coherent view, however, is a very
difficult task. Indeed, each instrument and data type has its own ad-hoc software and handling
procedure, which present steep learning curves and do not talk to each other.

The Multi-Mission Maximum Likelihood framework (3ML) provides a common high-level interface
and model definition which allows for an easy, coherent and intuitive modeling of sources using all
the available data, no matter their origin. At the same time, thanks to its architecture based on plug-
ins, 3ML uses under the hood the official software of each instrument, the only one certified and
maintained by the collaboration which built the instrument itself. This guarantees that 3ML is
always using the best possible methodology to deal with the data of each instrument.

Traditionally the Astrophysics community have been using frequentist techniques, but in recent
years Bayesian methods and approaches have been gaining consensum and momentum. In 3ML
both analysis are possible. Moreover, the 3ML Python interface allows for combinations with all
available packages for data analysis and mining.

Resolve production errors quickly, and
deploy code with confidence. Give Next ©

Rollbar a try.

Sponsored - Ads served ethically

© Copyright 2017, G.Vianello Revision c31e076f.

https://threeml.readthedocs.io/en/latest/
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Exploring the Extreme Universe

Supernova Remnants Gamma-ray Bursts

Active Galactic Nuclei Extragalactic

Background

About Fermi

Click on the images or topic name for
information about these science topics.

Catalogs Binary Sources

Dark Matter Pulsars Terrestrial Gamma-ray Diffuse Gamma
Flashes Radiation
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10 years of Fermi !
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National Aeronautics and Space Administration

¥

Fermi's Decade of Gamma-ray Discoveries

O,

‘GRB 1304277

Fermi 10-year Sky Map

This alk-sky view, centered on our Milky Way galaxy, is the deepest and

best-resolved portrait of the gamma-ray sky to date. It incorporates
ervations by NASX's Fermi Gammaray Space Telescope from

August 2008 to August 201

electron volts {GeV). For comparison, the energy of

visible light falls between 2 and 3 electron volts.

Lighter shades indicate stronger emission.

O,

‘GRB 170817A

‘o

Icass

Crab Nebula (®

PSR J1744-7619 (0]
TXS 0506+056

Fermi Bubbles

Fermi data revealed vast gamma-ray bubbles extending tens of thousands of
Hight-years from the Milky Way's plane. The Fermi Bubbles may be related

nergetc g s 4 \ %0 part ctivie o thesuparmasie back hole ot our gale’s heart
from o GRB. Solar Flare

Solar Flare
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Have Fun!

https://fermi.gsfc.nasa.gov/science/constellations/

Data from NASA's Fermi Gamma-ray Space Telescope.

Sky Map: |Visible Light| |/|Gamma-rays | |Gamma-ray Catalog

Display: ‘Optical-Constellations| | |Gamma-ray Constellations







