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@, ML 1.1 Fermi Gamma-ray Space Telescope

SD T lesco e h
’ LAT Gamma-ray Burst Monitor
- , 12 Nal detectors (8keV-1MeV)
Silicon-Strip detectors - onboard trigger , localization

- Identification &direction - spectroscopy
measurement.of y-rays 2 BGO detectors (150keV-40MeV)

Csl calolimetor - spectroscopy (overlapping LAT

- Energy measurement
ACD (plastic scintillators)
- background rejection
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-
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"Typical" Prompt GRB Spectrum
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e ° -Efficient observing mode

2 10 . -Wide FoV

;; 102 . o 1 -Low deadtime

LY ‘ -Large effective area

B -Good angular resolution

10

10° 102 10" 10° 10' 10* 10° 10* 10° ~Energy coverage
Photon Energy (MeV)
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LAT specification and performance

/ Spac Tele cop
Quantity LAT (Minimim Spec.) EGRET
Energy Range 20 MeV - 300 GeV 20 MeV - 30 GeV
Peak Effective Area > 8000 cm 2 1500 cm 2
Field of View >2sr 0.5sr

Angular Resolution e

< 3.5° (100 MeV)
< 0.15° (>10 GeV)

5.8° (100 MeV)

Energy Resolution 3 <10% 10%
Deadtime per Event <100 us 100 ms
Source Location Determination 4 <0.% 15

Point Source Sensitivity5

<6x10°2 cm2 s

~10°7 cm'2 s'1

V BEEI0RTERERFT v UERE

[Z&Y . ERICHIR, ERRAF v 2536 E

https://fermi.gsfc.nasa.gov/ssc/observations/types/post anomaly/)
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LAT all-sky survey

10 FEDEBITEXZ5000DH B REFHRE ., OB E XZ3000MAGN(IFIEXTL—H—)
Abdllahi et al. 2019
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@, ML Fermi GRB observations
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*The LAT detected 186 GRBs up to 2018 Aug. (1~2 per month)
—~Half with more accurate follow-up localisations by Swift and ground-based observatories
(GROND, Gemini-S, Gemini-N, VLT)
—27 redshift measurements, from z=1.406 (GRB 160625B) to z=4.35 (GRB 080916C)

2020.11.25 LRET—AEVHRES 6



@ emi 1.3.2 Autonomous Repoint Request (ARR)
L e

GBM FSW triggers Autonomous Repoint Request (ARR)
S/C slew to the GBM position up to 2.5 hours subject to earth-limb constraint

ARR for GRB 090926A,

ARR triggered for almost a half of LAT events =» helpful for extended emission search
201853 A MRZT )L L Edisabled oo
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CA— Fermi data for MM transients
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Fermi Science Support Center (FSSC) : £ T ZH SHBX B!
http://fermi.gsfc.nasa.gov/ssc/

.

N\Fli;\ National Aeronautics and Space Administration
SJA Goddard Space Flight Center

Fermi |
Science Support Center

Home Observations DETE] Proposals HEASARC Site Map

The Fermi Science Support Center (FSSC) runs the guest investigator program, creates and maintains the mission time
line, provides analysis tools for the scientific community, and archives and serves the Fermi data. This web site is the Latest News
portal to Fermi for all guest investigators.

» Fermi Sky Blog

» Fermi Blog
August 21,2013

2020.11.25 LRET—AEVARES 10
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Home

Data

»

»

»

»

»

Data Policy
Data Access

Data Analysis

+ System Overview

+ Software Download
+ Documentation

+ Cicerone

+ Analysis Threads

+ User Contributions

Caveats
Newsletters

FAQ

Support Center

NHTOEA

Observations Data Proposals Library HEASARC

Getting Started with the LAT

If you're just getting started at working with the Fermi satellite, this page aims to provide a single location summarizing the
information you will need. However, understanding the Fermi mission, the LAT instrument, and the full scope of data analysis will
require a much more thorough investigation of this site than can be provided in a single overview. We urge users to take the time to
read, and to ask questions, in order to gain a fuller understanding of the benefits and limitations of the LAT data.

Basic Information

Here are some things to know before working with LAT data. Detailed discussions of most of these terms are available in the
Cicerone, with the appropriate page linked at the end of each bullet.

The LAT instrument records discrete events, individual readouts that are compared with simulations to generate the
reconstructed direction and reconstructed energy for each event. These events are stored in the LAT events files, which serve
as the primary data files. Event files come in two flavors; photon and extended files, where the extended files contain
additional information about each event. The position and orientation information for the spacecraft is provided at 30-second
intervals in the spacecraft file. Most analyses require both event and spacecraft files. The spacecraft file must cover the entire
time range included in the events file (LAT Data Products).

The LAT team determines the quality of each event (how likely is it to be a well-reconstructed gamma ray). They use these
quality parameters to separate the data into event classes, which are selected with specific performance parameters:
transient class has the most background, moving through source, clean, and finally ultraclean class with the least
background. Be aware that the reduction in background comes with a corresponding drop in statistics. So most analysis types
will strike a balance (LAT Performance Page).

In addition, a second set of quality parameters allow you to refine your data selection based on specific characteristics. These
event types divide the full data set into subsets based on the conversion layer (FRONT and BACK), the quality of the position
reconstruction (PSF0, PSF1, PSF2 and PSF3), and the quality of the energy reconstruction (EDISPO, EDISP1, EDISP2 and
EDISP3). The PSF and EDISP event types are separated into quartiles, with the best quartile being number 3. Each
subdivision of data uses a different instrument response function. You absolutely cannot mix results for data that has been
filtered using different flavor event types.

When you filter data based on information in the events or spacecraft files, you are making cuts to the data. We have
provided a recommendation for cuts that are appropriate for a variety of standard analyses (LAT Data Preparation).

The reconstruction and/or simulation information gets revised every few years to improve the quality of the data. A change in
the event reconstruction or the parameters used to generate the event classes is known as a pass, and an improvement in
the fidelity of the instrument response is a version. So, for example, P7_SOURCE_V6 refers to source class data that has
used the Pass7 reconstruction, and version 6 of the instrument response function. A change in the version affects ONLY the

LRRT —HEVARRE
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https://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_essentials.html

High-level Information

There is an abundance of information available to you, including documentation and high-level data products. Here are some items
that may be useful for you, and are worth reviewing before diving into the data analysis:

¢ Most Recent Source Catalogs:
o Fourth Point Source Catalog (aka 4FGL-DR2)

S ~ » = Second Pulsar Catalo
A ! — ° :
ég’ié g:- &jjg 7 T 9 o First Catalog of LAT GRBs
o Third Catalog of High-Energy (>10 GeV) Sources (aka 3FHL)

e Quick-Look Data Products:

o Bright Monitored Sources — Daily and Weekly light curves for sources that have flared above 1x10°6 ph cm 2 -1
during the lifetime of the mission.

7’(“/7 } l/“J77—' _9 o Aperture Photometry Light Curves — For all sources in the 3FGL catalog.
o List of LAT GRBs

¢ Available documentation:
o Cicerone — In-depth discussion of the mission, the instruments, the data and the analysis methods.
o Analysis Overview — High-level description of the individual Fermitools and their use in standard analyses.
o Reference Manual — Online versions of the fhelp (man page) for each tool.
o Analysis Threads — Cookbook-like examples of various analyses designed to walk you through the process step-by-
step.
o The talks and tutorials from the Fermi Summer Schools are an excellent resource. See the github repository.

2020.11.25 LRET—AEVHRES 12
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Support Center

Bl Z IX. 4FGL-DR2

Observations Data Proposals Library HEASARC

LAT 10-year Source Catalog (4FGL-DR2)

The Large Area Telescope (LAT) on board NASA's Fermi Gamma-ray Space Telescope (launched June 11, 2008) surveys the entire
sky each day. This web page presents an incremental version (4FGL-DR2, for Data Release 2) of the fourth full catalog of LAT
sources, based on 10 years of survey data in the 50 MeV-1 TeV energy range. For a full explanation about the catalog and its
construction see the DR2 document. The data analysis is identical to 4FGL, so the reference is still the 4FGL paper . Please cite
both documents when you use this data release.

The source designation is the same as 4FGL, 4FGL JHHMM.m+DDMM(c,e,i,s) where the 4 refers to the fourth catalog (1FGL was
released at 1 year, 2FGL at 2 years, and 3FGL at 4 years) and FGL represents Fermi Gamma-ray LAT. In 4FGL-DR2, the
"DataRelease" column set to either 1 or 2 allows telling new sources from original 4FGL sources. The optional "e", "i" and "s"
designators are explained in the caveats below. The 4FGL-DR2 does not include 2-month light curves that were in the 4FGL catalog.

LAT Catalog Data Products

The LAT 10-year Source Catalog is currently available as a FITS file to be used for data analysis within the Fermitools. A BROWSE
table containing a searchable version of the catalog is also available. Supporting tools and documentation have been provided and
are linked below.

e LAT 10-year Source Catalog (4FGL-DR2 in FITS format)
e LAT 10-year Source Catalog (BROWSE table - Ongoing update)
o LAT 10-year Source Catalog (XML format)
e LAT 10-year Source Catalog Document
e Map of the 10-year LAT Detection Threshold (in FITS format)
« Python script (and instructions) to convert the 4FGL-DR2 source list into an XML file.
« DS9 Region Files:
o 4FGL-DR2 positions (as crosses) and source names
o 4FGL-DR2 95% error ellipses (no source names)
o 4FGL-DR2 association positions (as crosses) and names
« Extended Source template archive — Gzipped archive of extended source templates used in the catalog analysis.
« Sun/Moon template model files: Only for use with the 10-year data set!
o Sun/Moon spatial template (Inverse Compton) for the time period included in the 10-year catalog
o Sun/Moon spatial template (Disk Component) for the time period included in the 10-year catalog
« Plots of spectral fits for 4FGL-DR2 sources: Gzipped file
« Plots of 1-year light curves for 4FGL-DR2 sources: Gzipped file
o Aperture photometry light curves and power spectra

We emphasize several important points and caveats reaardina use of the 4FGL-DR2 cataloa:

SZRRTHAEVWARER
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N\ fv: Binary Table of gll_psc_v26.fit[1] in /Users/ohno/Downloads/

File Edit Tools Help |

M Source_Name M DataRelease M RAJ2000 M DEJ2000 M GLON M GLAT M Conf_68_SemiMajor M Conf _68_SemiMinor M Conf_68_PosAng M Conf_95_SemiMajor M Conf_95_SemiMinor M Conf_95_PosAng

Select 18A 1 E E E E E E E E E E
L deg deg deg deg deg deg deg deg deg deg
Invert | Modify | Modify | Modify | Modify | Modify | Modity Modify ] Modify Modify | Modify | Modify | Modify |
1 4FGL J0000. 3-7355 1 0.0983 | -73.9220 [ 307. 7090 | -42. 7295 0.0324 0.0315 -62.700 0.0525 0. 0510 -62.700 =
2 |4roL 30000.5+0743 2 0.1375 7.7273 | 101. 6565 | -53. 0295 0.0945 0.0700 -10.220 0.1533 0.1135 -10.220
3 |4FcL J0001.2+4741 1 0.3126 |  47.6859 | 114. 2502 | -14. 3381 0.0369 0.0332 45900 0.0598 0.0538 -45.900
4 |4roL 30001.2-0747 1 0.3151 ~7.7971 | 89.0327 | -67. 3050 0.0184 0.0176 64.100 0.0299 0.0285 64.100
5  |4roL 30001.5+2113 1 0.3815 | 21.2183 | 107. 6494 | -40. 1677 0.0260 0.0240 ~60.520 0.0422 0.0389 ~60.520
6 | 4roL J0001.6-4156 1 0.4165 | -41.9425 | 334.2263 | -72.0285 0.0427 0.0324 44090 0.0692 0.0525 44,090
7 |4FoL J0002.1-6728 1 0.5378 | -67.4746 | 310.0849 | -48. 9635 0.0217 0.0192 52.510 0.0352 0.0311 52.510
8  |4roL 30002.1+6721c 1 0.5419 |  67.3578 | 118.2035 | 4.9395 0.0956 0.0685 -82.100 0.1550 0.1111 -82.100
9 [4roL 30002.3-0815 2 0.5937 | -8.2652 | 89.0435 |-67.8483 0.0418 0.0334 56.690 0.0677 0.0541 6. 690
10 | 4FGL J0002.4-5156 2 0.6131 | -51.9355 | 319.9995 [-63.5390 0.0965 0.0598 15.000 0.1564 0.0970 15. 000
11 |4FcL 0002, 7+7220 2 0.6786 | 72.3479 |119.2088 | 9.8293 0.0686 0.0493 27.570 0.1112 0.0799 27.570
12 |4FGL J0002.8+6217 1 0.7201 62.20905 |117.3204 | -0.0510 0.0212 0.0202 3.840 0.0343 0.0328 3.840
13 |4FGL J0003.1-5248 1 0.7817 | -52.8071 | 318.9899 [ -62. 7889 0.0205 0.0188 -41.610 0.0333 0.0305 41,610
14 |4FoL J0003.2+2207 1 0.8058 | 22.1302 | 108.4385 | -39. 3808 0.0601 0.0533 -75.210 0.0974 0.0864 -75.210
15 | 4FGL J0003.3+2511 1 0.8323 | 25.1912 | 109. 3816 | -36.4115 0.0630 0.0556 63.580 0.1021 0.0901 63.580
16 | 4FGL J0003.3-1928 1 0.8465 | -19.4676 | 65.1978 | -76.5810 0.0437 0.0379 -51.750 0.0708 0.0614 -51.750
17 | 4FcL J0003.3-5905 1 0.8483 | -59.0952 | 314. 2390 | -56. 9659 0.0796 0.0479 25.980 0.1291 0.0776 25.980
18 | 4FGL J0003.6+3059 1 0.9045 |  30.9898 | 111.0045 | -30. 7720 0.0500 0.0440 -83.550 0.0810 0.0714 -83.550
19 | 4FoL J0003.9-1149 1 0.9986 | -11.8251 | 84.5954 [ -71.0751 0.0323 0.0308 -31.930 0.0524 0.0499 -31.930
] =V
Goto: [ Editcell:|
T OTETZ P TSTasTor TETOTSouTCeTTATTeS

o 4FGL-DR2 95% error ellipses (no source names)
o 4FGL-DR2 association positions (as crosses) and names
« Extended Source template archive — Gzipped archive of extended source templates used in the catalog analysis.
« Sun/Moon template model files: Only for use with the 10-year data set!
o Sun/Moon spatial template (Inverse Compton) for the time period included in the 10-year catalog
o Sun/Moon spatial template (Disk Component) for the time period included in the 10-year catalog
« Plots of spectral fits for 4FGL-DR2 sources: Gzipped file
« Plots of 1-year light curves for 4FGL-DR2 sources: Gzipped file
o Aperture photometry light curves and power spectra

We emphasize several important points and caveats reaardina use of the 4FGL-DR2 cataloa:

2020.11.25 LRET—AEVHRES 14
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Monitored Source List Light Curves

The LAT team monitors flux values for a number of bright sources and transient sources that have shown flares during the mission.
(See up-to-date weekly reports on flaring sources at the Fermi-LAT Flare Advocate Blog.) As sources cross the monitoring flux
threshold of 1x10® cm™2s™", they are added to the monitored source list. (The initial flux threshold was 2x10°% cm™2s™!, but this
value was lowered in June 2009.) In addition to the light curves below, the flux values in several bands are available via Browse.
This list will continue to grow as the mission progresses.

PLEASE NOTE: The tabulated fluxes are derived at the LAT Instrument Science Operations center in an automated analysis to
produce results quickly to facilitate follow-up multiwavelength observations of flaring sources. The table of released fluxes will be
updated as analysis and calibrations improve.

These early flux estimates do not include sy ic uncer and do not have an absolute flux calibration. Use of these
data as absolute flux measurements for constraining models or for comparison to other data is strongly discouraged at this time. In
addition to overall normalization uncertainties, source fluxes may have variations of up to 10% due to currently-uncorrected
dependencies of the gamma-ray detection efficiency on variations of the particle background in orbit. Please note that these results
are produced using preliminary instrument response functions and calibrations. The quality and stability of these results will improve
when updated calibrations become available over the coming months.

Note: Due to a software error, flux upper limits are not available for dates between approximately 2010-09-14 to 2011-02-21.

A detailed description of the data included in these files can be found here.

Source Daily LC Weekly LC

TXS 23584209
(RA = 0.385000, Dec = 21.2270)
o Daily Light Curve
« Daily Light Curve (1yr)
« Daily Light Curve Fits File
o Weekly Light Curve
o Weekly Light Curve (1yr)
« Weekly Light Curve Fits File

L L)

aLs 4 bHh—7

TR AT — ILIZER O DA
ETHORFZE=S

LAT 3FGL Catalog Aperture Photometry Lightcurves

We provide here aperture photometry light curves of all sources in the Fermi Large Area Telescope Third Source Catalog (3FGL)
with 30 day time resolution. The light curves and plots will generally be updated weekly. We also plot power spectra of the light
curves for periods between 65 days and the length of the light curve, with a frequency oversampling of a factor of 5.

Some caveats:

« These light curves are intended to provide a quick way to inspect gross features in the long-term light curves. They are
unlikely to be directly useful for detailed scientific analysis.

« They are not background subtracted.
« The apertures will contain photons from nearby sources.

A thread describing the steps involved in aperture photometry of LAT data can be found here. A script to perform aperture
P y (ap .pl) is here.

The columns in the data files are:

1. Time of center of bin (MJD)

2. Count rate in the aperture in photons cm*-2 s*-1

3. Count rate error based on the observed number of photons. This is used in the plots
4. Half-width of the time bin in days.

5. Count rate error based on the relative exposure of the time bin.

6. Exposure in cm*2 s,

7. Line number. This will not be present in later versions of these files.

The aperture photometry used:

« 1degree radius apertures

100 MeV to 200 GeV

Data are P8 Source class (evclass=128), front+back (evtype=3)

A zenith limit of 105 degrees.

A rock limit of 90 degrees. (i.e. no filtering on this.)

A bore-sight limit of 180 degrees. (i.e. no filtering on this.)

Times when a source was closer than 5 degrees from the Sun are excluded.

For caveats on period detection in LAT light curves please see here.

Flaring Sources in the Aperture Photometry Lightcurves

RA Range:
00-01 | 02-03 | 04-05 | 06-07 | 08-09 | 10-11 | 12-13 | 14-15 | 16-17 | 18-19 | 20-21 | 22-23

3FGLJ0000.1+6545 3FGLJ0000.2-3738 3FGLJ0001.0+6314
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ws.crmi Fermi All-sky Variability Analysis (FAVA)

ERT—HIEHREML, —BEZEICEFHRENRNGLMNE (Abdollahi et al. 2017)
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/FAVA/index.php

N ASJA National Aeronautics and Space Administration

Goddard Space Flight Center

@ Fermi All-sky Variability Analysis (FAVA)

Light Curve Generator FAVA Flare Map

RA: 17.761

Dec:

FAVA Analysis Overview
Weeks Analyzed 635
FAVA Detections (>60) 6507
Associated Detections 5520
Unassociated Detections ® 987
FAVA Resources

FAVA Weekly Flare List

FAVA Light Curve Generator

1st FAVA Catalog

2nd FAVA Catalog

BATEEDEEDSAM—TEELLLTES
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Fermi (BFICLAT)OERNGEFEITY —ILINV T —Y, CNHRWVNEIBER SR
FSSC -> Data -> Data Analysis -> Software Download

Fermi « FSSC » HEASARC

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

Fermi = VN
Gamma-ray Space Telescope ~.\ R W

Home Support Center Observations Proposals Library HEASARC
Data Installing the Fermitools
» Data Policy

The FSSC now uses the Conda package manager to install the Fermitools, and the source code is now hosted on GitHub.

» Data Access
Please see the Fermitools Wiki for the Quickstart Guide, detailed Installation Instructions, and other documentation about the Tools.

» Data Analysis . . .
If you encounter problems, please see the Troubleshooting and Error Reporting guides.

+ System Overview

+ Software Download For more information about why the change to Conda was made, please read The Fermitools and Conda.

+ Documentation

+ Cicerone The release of new versions of the Fermitools will be announced on the fermi-soft mailing list. Please fill out the subscription form if
+ Analysis Threads you would like to be added to the list.

+ User Contributions i X . . .
The FSSC has also created a Docker container pre-loaded with many of the necessary tools required to do Fermi Analysis. It

» Caveats includes the Science Tools, the HEASARC FTOOLS, Python 2.7 and associated libraries along with a host of other programs. This

container will run on Windows, MacOS, and Linux. You can find it (with instructions) on github or Docker Hub.
» Newsletters

» FAQ The previous version of the Science Tools, v11r5p3, released Feb 15, 2018 is still available for download.

2020.11.25 LRET—AEVARES 18
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LAT 7—% (&, FSSC Data server h'5 7 IR TED

Fermi . — .
Gamma-ray Space Telescope \ \ !

Home Support Center Observations Proposals Library HEASARC

Data Currently Available Data Products

» Data Polic
y The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along

with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through
the LAT data server.

» Data Access

+ LAT Data

+ LAT Catalog The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx' in the characters before the
+ LAT Data Queries extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may
+ LAT Query Results update them.

+ LAT Weekly Files

+ GBM Data Note that the LAT and GBM data are accompanied by caveats about their use.

» Data Analysis « LAT Photon and Extended Data Ll \T d ata Se rve r
» Caveats o LAT Data Server (updated with P8R3 data 26-Nov-2018) il ? » » - \\fN E
o LAT Low-Energy (LLE) Data (Browse table) ’% *a_z ‘b H% Fﬁﬁ N I > ) l/#’ / \./ I\ d~

» Newsletters
o Products available on the FTP Site (current processing version of the data),

BALEHTEAT—4%EL YA,

= Weekly Spacecraft Files
= Mission Long Spacecraft File Ny ~
= Weekly 1-second Spacecraft Files 9 rj > D — I\ -ts% é
= Filtered Weekly Photon Files with Diffuse Response Columns
o Previous processing versions available on the FTP site
= Pass 8 (P8R2) Weekly Files
= Pass 7 (V6d) Weekly Files
= Pass 7 (V6) Weekly Files
= Pass 6 (V11) Weekly Files
(

« Pass 6 (V3) Weekly Files Weekly flleS (j:s i@:ét[:/ﬁ‘yb-_:)énf:

o ASDC data server (external)

—
« LAT catalogs and associated products (high-level products only) é f 7— — 9

o LAT Source Catalog

= LAT 10-year Source Catalog (4FGL-DR2)
= LAT 8-year Source Catalog (4FGL)

= Preliminary LAT 8-year Source List (FL8Y)
= LAT 4-year Source Catalog (3FGL)

= LAT 2-year Source Catalog (2FGL)

= LAT 1-year Source Catalog (1FGL)

= | AT 3-month Rriaht Souree List (OFGIL)

2020.11.25 LRET—AEVARES 19



o

s, ermi 3.1 Download LAT data

LAT 5&—% (&. FSSC Data server 'S 7O LR TE>S

Support Center Observations Proposals Library HEASARC

Data LAT Photon, Event, and Spacecraft Data Query

» Data Policy

Object name or coordinates: [ I

» Data Access

Coordinate system: _
+ LAT Data y J2000 v
+ LAT Catalog Search radius (degrees): l I
+ LAT Data Queries
+ LAT Query Results Observation dates: l ]
+ LAT Weekly Files
+ GBM Data Time system: Gregorian v

» Data Analysis
Energy range (MeV):

b Caveats
LAT data type: Photon

» Newsletters

Spacecraft data:
» FAQ

Start Search l Reset ]

2020.11.25 LRET—AEVHRES 20



/
s ermi

Gamma'ray
Space Telescope

3.1 Download LAT data

LAT 5&—% (&. FSSC Data server "5 7O RTE3

( Start Search )( Reset )

Object name or coordinates: 193,98, -5.82 <

Coordinate system:

[j2000 %)

Search radius (degrees): 20

Observation dates:
Time system:
Energy range (MeV):
LAT data type:

Spacecraft data:

START, 255398400

| MET B

100, 100000

' Photon B‘
4

Results for query L1203211445197365007F88

Your search critera were:

Search was
for 3C 279

Equatorial coordinates (degrees)

(193.98,-5.82)

Time range (MET)

(239557417,255398400)

Time range (Gregorian)

(2008-08-04 15:43:37,2009-02-04 00:00:00)

Energy range (MeV)

(100,100000)

Search radius (degrees)

20

| Save this information for
future reference

The state of your query is 2 (Query complete)

BRAD2IEETTEFE

Server Position in Queue Estimated Time Remaining (sec) N = =
Photon Server Query complete N/A fd‘ /U 7—‘- — n ?
Spacecraft Server Query complete N/A

For long exposures and/or large
11203211445197365007F88_PHOO.fits 183137 Available extraction area, there will be 2 or
11203211445197365007F88_SCO0. fits 445088 Available

2020.11.25

more photon files (PH00, PHO1,
..)

ZRET—AMENEHAES 21



aaaaaaaa

/s

4.2 LAT Photon data

- 11/7’4‘5@4”*‘”/!\"2#

ie. IphotonB8O T ARILF¥—,

ICFITS file(FT1EEFIFN D)
» EAFHICHEHSND?

g EFcorR el
f7%ra+(on-board
fitering)

= SistripMi327lIC
-ClL\D

» I DACOHEY
ROTL )

= Etc.

2020.11.25

LevelO data
(ETF—2)
on the ground

2R M,

F#+E=308

RIREZ 70

‘ Levell7=—42
\

b'lI]I( processing)
SE7= Rk

(reconstruction

= Event®ZID
128 ? aEil+?

- MEREORE

R, etc.
= 8B\ hyk

SZRRTHAEVWARER

IRILX—, EBRAR), K

0 IHICKBlG
INIKR—R%
RLhAdD

® FITSICER

photon summary
data

99 23



/O
@, ermi 4.3 LAT spacecraft (SC) data

Gamma-ray
Space Telescope

A2} R AREZ08
» REOMBENME

= Livetime

File Edit Tools

Index Extension Type Dimension
= SAAICASTL\DD, bk [ 0 o e .,
LS 2 s ' Heade
#'\' SC_DATA Binary 18 cols X 20161 rows
ﬁat\o\o\ CTC. 1 - Heade
= w
=
—ERTNCIENE77TIL.
File Edit Tools Help
| START - | STOP | SC_POSITION | LAT_GEO
D D 3E E
s s m deg
expand
2.128896000000E+08 | 2.128896300000E+08 | Plot 2.474528E+01 ,
2.128896300000E+08 | 2.128896600000E+08 Plot 2.522025E+01
2.128896600000E+08 | 2.128896900000E+08 Plot 2.566769E+01
2.128896900000E+08 | 2.128897200000E+08 Plot 1 2.608685E+01
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A 3.4 LAT Instrument Response Function (IRFs)

Photon data Z70TCRIBE. EN<SHSVWBEULLIN\Y OISOV RZHY KT BDH
ZDANRNYERELOYIVDERICKD, EHOT—95 41 TENGT DIESEEH

Hw ~EEL LY AR=NTWL3
P8R2 IRF name Event Class (evclass) | Class Hierarchy | Photon File | Extended File
P8R2_ULTRACLEANVETO_V6 1024 Standard X X
P8R2_ULTRACLEAN_V6 512 Standard X X
P8R2_CLEAN_V6 256 Standard X X
P8R2_SOURCE_V6 128 Standard X X
P8R2_TRANSIENTO010_V6 64 Standard X
P8R2_TRANSIENT020_V6 16 Standard X
P8R2_TRANSIENTO10E_V6 64 Extended X
P8R2_TRANSIENTO020E_V6 8 Extended X
P8R2_TRANSIENTO015S_V6 65536 No-ACD X

http://fermi.gsfc.nasa.gov/ssc/data/analysis/documentation/Cicerone/Cicerone_LAT_IRFs/IRF_overview.html
v

v REL

2020.11.25 LRET—AEVHRES 24



A 4.4 LAT Instrument Response Function (IRFs)

Photon data =70t R 9 B,

Ay <EE UL

ENSSVWEBEULSIN\Y OISOV RZ DY KT BH
%@4«/htb9/3/®E%k&D BHDOT -5 A4 TN DILSEEN
HExncTuwsd

P8R2 IRF name

Event Class (evclass)

Class Hierarchy

Photon File

Extended File

P8R2|

P8R2

P8R2,

P8R2,

P8R2

P8R2,

P8R2 |

P8R2 |

GRB D16

Hhw LHEWLWE. BIEENIEZ DD
1INV OISOV RDEADIEZ D,
JL—F—DOEHIBITYO. RILFXAvEY Y v —NeKEGRE
ZERIEBICHIE> TEEZIBRE/IN\v OIS0V KEAHDRIRE(C
{ 722D T, SOURCE class U E&E{FES OO HEE

(. 70V7 S (EHEGERRIARE LD T EEA L
IN\w OS5 KD1)—, TRANSIENT class THEUL)
"R (TRANSIENTO20 AHEEE N TL\B)
FNZFNDNERIEIL Science Tools [CEENTLD

v
v REL

2020.11.25
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3.5 LAT data analysis structure

Photon Simulation
Database gtorbsim
\\\\\\‘ ‘{////// gtobssim
Event Data
Spa ta
v \ Utilities
Data Selection y| gt irfs
gtselect gtltsum
gtmktime gtpst

v

v v b

Light Curves
Counts Maps

Spectra
gtbin
gtbindef
gtexposure

2020.11.25

Likelihoo Pulsar GRBs
Analysis Analysis gtbin
gtlike gtbary gtrspgen
gtltcube gtpsearch gtbkg
gtexpcube?2 gtpspec gtburstfit
gtexpmap gtophase XSPEC
gtsrcmaps gtpphase
gttsmap gtephem
gtmodel gtpulsardb
gtdiffrsp gtptest
gtfindsrc
modeleditegr

SZRRTHAEVWARER

Gtselect, gtmktime T
F—AtlLovyayv
(b5ME. PRI

L=

70V 7 ~sgd:
Gtbin TS H—T
AR KL, v T=ZEL

L

Afterglow:
Gtlike T likelihood f#&#fr

EWVDS OHOERBEHRN

26



4. LAT 7 — R &I
(ERRICEBFT L THL DR

ZZE) 7.
Wizt

(2% # D cookbook & %
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https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/binned_likelihood_tutorial.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/

/. \ 3 S

Gamma-ray
Space Telescope
PlBELT. UTOT—9ZFov0—k (TJL—Y—X&3C279)

Support Center Observations Proposals Library HEASARC

Data LAT Photon, Event, and Spacecraft Data Query

» Data Policy

Object name or coordinates: ‘30279 w ‘

» Data Access

uTous cootmanoen: (00 ) N K AISNIRIES THRRT
e D:t: (()Z?ueries Search radius (degrees): |15—S~g\ %ﬁ L/ L \GRde: éfd)%'%(g@%(RA’ DeC)%

: 31 evizzszls:sns Observation dates: ‘239557417, 30257280 -gl & A j]
+ GBM Data Time system: MET v \ —_— TR
) 9{ P 57 'Ij' z \
» Data Analysis ST |1oo,5ooooo| \ l é G) J (; /r 75

 Gaveats LAT data type: kéb\a)-t\\\ ¥‘T§1 SETC\.\
' i 1293

Spacecraft data:

Start Search [ Reset } 2008E8ﬁ 4 B 75\ 5 2¢F8a0)7__\\_ 9
MJD7 & THASTIEE

2018-11-26: The data server is now distributing updated Pass 8 data (P8R3).

» Newsletters

» FAQ

Please see Using Pass 8 Data to learn about the Software, Analysis Recommendations, and Caveats that are necessary for
analyzing it.

Please note:

« Queries encompassing the whole sky (or close to it) should use the pre-generated Weekly All-Sky Files available through
HEASARC Browse or the FTP site. These files are updated at the same cadence as the data server files.

« If you wish to obtain events from the TRANSIENT classes you must select the extended data files from the drop-down menu.
« More information on submitting data queries can be found on the Help for Fermi Database Query page.
« For a list of time periods where no data is available see the LAT Data Gaps page.

Current Data Server Contents:

The photon database currently holds 1368810751 photons, collected between 2008-08-04 15:43:36 UTC and 2020-11-24 14:35:54
UTC (Mission Elapsed Time (MET) 239557417 to 627921359 seconds).

The event database currently holds 3609595017 events, collected between 2008-08-04 15:43:36 UTC and 2020-11-24 14:35:54
UTC (Mission Elapsed Time (MET) 239557417 to 627921359 seconds).

2020.11.25 LR ET—AENHRES 28




'/. » N \3
< ermi 36 T—2F2A—F

Gamma‘ray

Spa(e Teles1

Data Results for query L20112416190721F9E93E99

» Data Policy

Your search criteria were:
» Data Access

+ LAT Data Equatorial coordinates (degrees) | (194.047,-5.78931)

e Time range (MET) (239557417,302572802) L g: b < (20* <\\ H L\) ‘[#j t

+ LAT Query Results

) Time range (Gregorian) (2008-08-04 15:43:36,2010-08-04.00:(\0:00)

+ LAT Weekly Files 9 7:.)\ d (_ 7(-\ D

+ GBM Data Energy range (MeV) (100,500000) J re a y (G- d\ \
» Data Analysis Search radius (degrees) 15 | l N\ / 9 O) 9 |J \y 9 E L/ < (g
» Caveats

The state of your query is 2 (Query complete) I

» Newsletters VV et 0) 2 / 7 J |\ i ' 7 |\
» FAQ Server Position in Queue Estimated TiMT€ Remaini

ng (sec)
Photon Server Query complete = Z\\ i ( f' 5
Spacecraft Server Query complete (G d* (o]

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

L20112416190721F9E93E99_SCO00.fits 1763993 255.73  Available
L20112416190721F9E93E99_PHO0.fits 52400 4.95 Available
L20112416190721F9E93E99_PHO1.fits 111594 10.48 Available
L20112416190721F9E93E99_PHO3.fits 98142 9.23 Available
L20112416190721F9E93E99_PHO04 fits 78911 7.43 Available
L20112416190721F9E93E99_PHO6 fits 47854 4.52 Available
L20112416190721F9E93E99_PHO2 fits 68813 6.48 Available
L20112416190721F9E93E99_PHOS.fits 65664 6.19 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 https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_SCOO.fits
wget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHOO.fits
waget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHO1 fits
wget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHO3.fits
wget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHO4.fits
wget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHO6.fits
wget https://fermi.gsfc.nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHO2.fits
wget https://fenni.gsfc nasa.gov/FTP/fermi/data/lat/queries/L20112416190721F9E93E99_PHOS.fits
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’O
s, ormi 4.6 T— 3 #{§ (gtselect)

Cld"' ma-ray

'- Space Telesc ope

9. gtselect TRV LYY 3V, BIFFEE. FEP
HIRKKD S DBRFDFEEZHY LT D

5 [@(& SOURCE class Z{#5 DT “evclass=128, evtype=3" &i87%E

[((fermi) [ohno@massalia3 6:22 3c279]% gtselect evclass=128 evtype=3

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

Input FT1 file[@ftl.1lst]

Output FT1 file[3c279_binned_filtered.fits]

RA for new search center (degrees) (0:360) [INDEF]

Dec for new search center (degrees) (-90:90) [INDEF]

radius of new search region (degrees) (0:180) [INDEF]

start time (MET in s) (@:) [239557417]

end time (MET in s) (0:) [239957417] g4 pmirLRL\DT. COBITIZ4.6 B TS VERAT

lower energy limit (MeV) (0:) [100]

upper energy limit (MeV) (0:) [500000]

maximum zenith angle value (degrees) (0:180) [90] HIKAKTDMETDEAZEEITST=m. zenith angle cut %

[
|
|
[
[
[
[
[
[
[

(fermi) [ohno@massalia3 6:26 3c279]% gtmktime
WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

Spacecraft data file[L181126210218F4FQED2738_SC00.fits]

Filter expression[(DATA_QUAL>@)&&(LAT_CONFIG==1)]
Apply ROI-based zenith angle cut[no]

Event data file[3C279_binned_filtered.fits] 30
Output event file name[3C279_binned_gti.fits]

BRSO EOREFE RN



A LAT angle
o/ srTac
The Earth limb
Parameters: LATAREY 5 E) & RIA N E
* O (incience angle): Polar coordinate of event — incident angle

in instrumental frame (w.r.t. LAT boresight)
» Z (zenith angle): angle between event and

LATXRIEA & RINIE

LAT zenith axis = zenith angle
* Rocking angle: angle between LAT boresight | ATREF H@ & KIEMA
and zenith of LAT _ rocking ang|e
Earth Limb:
* Photons from cosmic-ray - atmosphere Lj
....................... mb photons (Z~112 de
interaction have Z~112 deg, which implies .~ . Z ! :p ( g)

0 >~ 112 deg — 50 deg ~ 62 deg et

in standard survey mode ‘
* ©<60 deg possible during ToO

observations with larger

rocking angle Rocking angle is

Zenith angle A KEL\& 50 deg in survey mode
RIAVVIRDEZENKETNELT
Ny LT IRELD D,

Weigner 2013

Cosmic rays




A~

<l eromi hov by TEE L (ghin)

Cld"' ma-ray

’ S pace Telescope
\ (fermi) [ohno@massalia3 6:27 3c279]% gtbin

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

This is gtbin version HEAD 3 N
Type of output file (CCUBEICMAPILCIPHALlIPHAZ IHEALPIX) [CMAP] (:[\4/\F) —z? jj 67 e
Event data file name[3C279_binned_gti.fits]

Output file name[3C279_binned_cmap.fits]

Spacecraft data file name[NONE]

Size of the X axis in pixels[150]

Size of the Y axis in pixels[150]

Image scale (in degrees/pixel)[0.2]

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

First coordinate of image center in degrees (RA or galactic 1)[193.88]

Second coordinate of image center in degrees (DEC or galactic b)[-5.82]

Rotation angle of image axis, in degrees[@]

Projection method e.g. AITIARCICARIGLSIMERINCPISINISTGITAN:[AIT]

gtbin: WARNING: No spacecraft file: EXPOSURE keyword will be set equal to ontime.

File Ect View Frame Zoom Scale Color Regkn WCS Analyss Help

File 3C279_binned_cmapits

4B R T1EDTHMYIZLAY,
thilyM 24 LclusteringL TAEIIZHR A5
(ChZx b islikelihood KT TR D)
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5. LAT T—5 84T
(likelihood analysis &)
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/”
s, cromd Why likelihood analysis ?

Gamma-ray
/ Space Telescope

Jeremy S. Rarkins 2012 Fermi Summer School
http://fermi.gsfc.nasa.gov/science/mtgs/summerschool/2012/weekl/Adv_Likelihood Perkins.pdf

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:

P7SOURCE_V6 PSF at normal incidence

. R & 106
® |t will not answer a question you

are not asking (ie. unknown
parameters).

LAT (£, photon A7 Ly

Ny 9779 FOFE, THxLF—I(C S
KIFL7-PSFOFEAZEZREL T ) M . i —
RERETINVERODDLELDH B, e Sl
=» Maximum likelihood

- Total 68% containment
- Front 68% containment
—— Back 68% containment
-==- Total 95% containment
< Front 95% containment
-~ Back 95%

containment

Containment angle (°)
S

2020.11.25 ZRET—AEVWVARRER
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A Graphical Example

Model 3

- O ¢

HELEFTILEREL-E
£GP TR H & 7= photon #(C
K AEEANRKIZED LS ICT 2 Our Data

Model 2

®-c-18




® The number of counts in each bin is small and
thus is characterized by the Poisson distribution.

e Zis the product of the probabilities of observing

Nk counts in each bin when the number of counts

predicted by the model is mi \\
HBHETILm DE X

£— 2™ BAMES n T R
e !l %27 ok (RO)TEIFADE S

® ./ can be rewritten as

g ng

L — l;[(] my, H my, — e Novia 1;[ .

e Nl ng!
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® |f we let the bin sizes get infinitesimally small, then

nk = (0 or |) and we are left with a product

running over the number of photons: I
— = Npred | =» Unbinned likelihood
b=e Hm ROI A& IR

e (This is the unbinned likelihood method). > Binned likelihood

® It’s easier to handle the logarithm of .Z so we

usually maximize: s
Log #EX% L ETEA

10g£ = Zlog(mz) — Npred BEIChS
1

INEERRICTHLIICLIZL]
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Likelihood Analysis: basics (5)

Tl&. T7 /L(predicted count)
_ . FEDESICLTHRDEA?
® The source model considered is

CDET I A
S(E.p.t) =Y si(E)d(p— pi) + Sc(E.p) + Seg(E.p) + D Si(E, 1), TExLAWLE WTAaWN
B of X / : !
Point Sources i . Galactic & EG Diffuse Sources Other Sources

® This model is folded with the Instrument Response
Functions (IRFs) to obtain the predicted nhumber of
counts in the measured quantity space (E’, p’, t):

M(E',p',t) = /'“ dEdpR(E',p' . t; E,p)S(E, p, t) L X /_J_f vz %—:}ir Lj-/é;t/)_t}.f
HRHEICKREET
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logL %7 source model &
L ARV R Z/TEDHEIET
=

® where the sum is performed over photons in the ROI.

® The predicted number of counts is: Npred ¥ source model
- gy | POHETE
Nored = / dE'dp dtM(E",p",t)
ROI

® To save CPU time, a model-independent quantity called the
exposure map (or cube) is precomputed:

=(E,p) —/ dE"dp'dt R(E",p',t; E,p)  Exposurexf#f&ht T
ROI N 75

Npred = / dEdp S(E.p)s(E, p)
SR

2020.11.25 LHET—AENEHES 39



Ve émc.mn-n GLAST analysis seminer, Apr 21, 2008

/ S
= X 212750\
» Test statistics

1T, = 2(log £ — log L)

L: BIREF RFZBARLETILTOIikelihood
LO : BI2EF HRGFERRIEETILTO
likelihood

= SETHiBL MRS X 2ICFLI)
 HICRREZUZ L ORGOREICIF LR

=

® As a basic rule of thumb, the square root of the TS is
approximately equal to the detection significance for a given

source. )



s, eyl Likelihoodf##T: £&&

damma-ray

logﬁ = Zlog(mz) - Npred

NZEKNIETDETLZRELEZL LML, ETILET 5%
T BHICIE. ETILEREHBOLARATEH AL BENH D,

DED. Likelihood BT (ICIZLLTHAMNE

-85 —% (photon data)

-Exposure map (=12 B2FD L ARV R)
-EFILDFE

A 797") KEFIL

EWSZEICEEUTHAZIEILHTHEIRL & D,
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P
< ermi @) 17 L2 3~ (gtselect, gtmktime)

o’ Space Telescope
ARV OSSR, BRI, ROIDYID Y LU(gtselect)

[(fermi) [ohno@massalia3 6:22 3c279]% gtselect evclass=128 evtype=3

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

[Input FT1 file[@ftl.1st]

[Qutput FT1 file[3c279_binned_filtered.fits]

[RA for new search center (degrees) (0:360) [INDEF]
[Dec for new search center (degrees) (-90:90) [INDEF]
[radius of new search region (degrees) (0:180) [INDEF]
[start time (MET in s) (@:) [239557417]

lend time (MET in s) (@:) [239957417]

[lower energy limit (MeV) (0:) [100]

lupper energy limit (MeV) (0:) [500000]

Imaximum zenith angle value (degrees) (0:180) [90]

GTl DEZE (gtmktime)

(fermi) [ohno@massalia3 6:26 3c279]% gtmktime

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

Spacecraft data file[L181126210218F4FQED2738_SC00.fits]

Filter expression[(DATA_QUAL>Q)&&(LAT_CONFIG==1)]
Apply ROI-based zenith angle cut[no]

Event data file[3(C279_binned_filtered.fits]
Output event file name[3C279_binned_gti.fits]

F—SRW T DLRALFIR, § TIZT7 A LA HH 5 FE

2020.11.25



’O
s, b) Exposure {ERL (gtltcuve/gtexpcube?2)

Cld"' ma-ray

'- Space Telesc ope

Live time 55
(fermi) [ohno@massalia3 6:52 3c279]% gtltcube

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

Event data file[3(C279_binned_gti.fits]

Spacecraft data file[L181126210218F4FQED2738_SC00.fits]
Output file[3C279_binned_ltcube.fits]

Step size in cos(theta) (0.:1.) [0.025]

Pixel size (degrees)[1]

Working on file L181126210218F4FQED2738_SC00.fits

Exposure 51 &
|(fermi) [ohno@massalia3 6:59 3c279]% gtexpcube?2

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

ILivetime cube file[3C279_binned_ltcube.fits]
|Counts map file[3C279_binned_ccube.fits]
Output file name[3C279_binned_expcube.fits]
IResponse functions to use[P8R3_SOURCE_VZ2]

T exposure (LARUR) DRAEIEXTE -, HElE. ETILEEETD
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Source model M ¥E (&

ource + background )

By 3c279_input_model.xml ) No Selectio:

fEfsz‘*%
3C 273 == 23 th;’I%W@ diffuse-background

yme="Value® scale="1.0

Isotropic (extragalactic & local)

3C 279

/Galactic Emission \

0 = ﬂm BED B AL

0 20 40 60
Pixels ( ]\jJ(/‘\.li3C273’& E/0)
ROI RICbD RIEN D DIHZE (& =
Xml 27 71)LICEBEE L TLL
KEE, YOI 274 ZEZFTvo LT
HEDDH D ZSIBRRIRZZEIRENT B,
HhHATT77AILDSETILD 71 )L %
BRI 2ROV TR FREESNTWS
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/”
s, crmi Source model M ZE{f

Gamma-ray

¥ *"S8urce + background €7 /L% xml J 7 1 JL Cook 3 &

B 3c279_input_model.xml ) No Selection

<50urcL~ name="iso_P8R3_SOURCE_V2_vi1" type="DiffuseSource">
<spectrudME =T 77 kd
<source name="3C 279" type="PointSource">

<spectrum type="PowerLaw">
<parameter free="true" max="1000.0" min="0.001" name="Prefactor" scale="1e-09"

value="10.0"/>
<parameter free="true" max="-1.0" min="-5.0" name="Index" scale="1.0"

value="-2.0"/>
<parameter free="false" max="2000.0" min="30.0" name="Scale" scale="1.0"

value="100.0"/>
</spectrum>

<spatialModel type="SkyDirFunction">
<parameter free="false" max="360.0" min="-360.0" name="RA" scale="1.0"

value="193.98"/>
<parameter free="false" max="90.0" min="-90.0" name="DEC" scale="1.0"

tyai;e:"15.82”/> Powerlaw ET JLDFHI: ARk )Ls
il Y—RAMUEZIEET S

</source>

0 | LTS R B I

0 20 40 60
Pixels e /-\jJ(A.fi3C273§
ROI RICD RN B DIHE IS o
Xml 77’()|/(<_1_DELJ—CL\<
K, HhHOT 774 EFTvo LT
FEDH D ZDBRIBZERENT Do
HhHATT77AILDSETILD 71 )L %
ERRT 2RO UT R EREENTWD
2020.11.25
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/

s ermi

Gamma‘ray

Space Telescope

Background model

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

Galactic interstellar
emission model

Event Selection/
IRF Name

Isotropic spectral template

gll_iem_vO07 fits
(see below for P8R3 usage no!

4

Pass 8 Source (front+back, allPSF;
allEDISP)

iso_P8R3_SOURCE_V3_v1.txt

Pass 8 Source (front only)
P8R3_SOURCE_V3::FRONT

iso_P8R3_SOURCE_V3_FRONT_v1.txt

Pass 8 Source (back only)
P8R3_SOURCE_V3::BACK

iso_P8R3_SOURCE_V3_BACK_v1.txt

Pass 8 Clean (front+back, allPSF,
allEDISP)
P8R3_CLEAN_V3

iso_P8R3_CLEAN_V3_v1.txt

Pass 8 Clean (PSFO0)
P8R3_CLEAN_V3::PSFO

iso_P8R3_CLEAN_V3_PSF0_v1.txt

Pass 8 Clean (PSF1)
P8R3_CLEAN_V3::PSF1

iso_P8R3_CLEAN_V3_PSF1_v1.txt

Pass 8 Clean (PSF2)
P8R3_CLEAN_V3::PSF2

iso_P8R3_CLEAN_V3_PSF2_v1.txt

Pass 8 Clean (PSF3)
P8R3_CLEAN_V3::PSF3

iso_P8R3_CLEAN_V3_PSF3_v1.txt

Pass 8 Ultraclean (front+back, allPSF,
allEDISP)
P8R3_ULTRACLEAN_V3

iso_P8R3_ULTRACLEAN_V3_v1.txt

Pass 8 Ultraclean (EDISPO)
P8R3_ULTRACLEAN_V3::EDISPO

iso_P8R3_ULTRACLEAN_V3_EDISPO_v1.txt

Pass 8 Ultraclean (EDISP1)
P8R3_ULTRACLEAN_V3::EDISP1

iso_P8R3_ULTRACLEAN_V3_EDISP1_v1.txt

Pass 8 Ultraclean (EDISP2)
P8R3_ULTRACLEAN_V3::EDISP2

iso_P8R3_ULTRACLEAN_V3_EDISP2_v1.txt

Pass 8 Ultraclean (EDISP3)
P8R3_ULTRACLEAN_V3::EDISP3

iso_P8R3_ULTRACLEAN_V3_EDISP3_v1.txt

Pass 8 Ultracleanveto (front+back, allPSF,
allEDISP)
P8R3_ULTRACLEANVETO_V3

iso_P8R3_ULTRACLEANVETO_V3_v1.txt

Pass 8 Sourceveto (front+back, allPSF,
allEDISP)

iso_P8R3_SOURCEVETO_V3_v1.txt

P8R3_SOURCEVETO_V3

2(

Y

=

SPlEcD=Do%
E5,

IRF [Cd& > TELD
HEBD,
u$b< (XRINR—

73
CI
/AN

V7%

\\\}

73
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@ ermi 4 FGL source xml

BoTERKELUNC, RIRDINY DTS20V RHWZWLWHE DDV,

NYOTDI)RZRRNBDZDH KLY,

http://fermi.gsfc.nasa.gov/ssc/data/access/lat/4yr _catalog/

LAT Catalog Data Products

The LAT 4-year Point Source Catalog is currently available as a FITS file and as an XML model file to be used for data analysis
within the Fermi Science Tools. A BROWSE table containing a searchable version of the catalog will be made available soon

Supporting tools and documentation have been provided and are linked below.

It is important that all users of this catalog review the caveats listed below the catalog links. These describe the content of the

catalog at a high level, as well as some cautions for the user.

o LAT 4-year Point Source Catalog (3FGL in FITS format)
e LAT 4-year Point Source Catalog (BROWSE table)
e LAT 4-year Point Source Catalog Paper

e Column descriptions for the LAT 4-year Point Source Catalog are provided in Appendix B of the paper

o Full content of Table 4 (Main source table)
o Full content of Table 8 (Fluxes in bands)
o Full content of Table 11 (2FGL sources not in 3FGL)
o XML Model File for LAT 4-year Point Source Catalog
e DS9 Region Files:
o 3FGL positions (as crosses) and source names
o 3FGL positions (as crosses) and association names
o 3FGL 95% error ellipses (no source names)
o Visualization Tools:
o 3FGL Interactive Table
o 3FGL source map with mouse-over information
o 3FGL variability versus curvature plot
Aperture photometry light curves and power spectra
o Map of the 4-year LAT Detection Threshold (in FITS format)

o

Xml file ¥, ds9 Dregion file& LTH
HDDT, p.59 @ xml file (CT (T
BHiT]EE. DOV ERVYYT(CEqRDZED
TZE %,
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A Source map&Et & (gtsrcmaps)

Cld"' ma-ray

/' Space Telescope
v |

(fermi) [ohno@massalia3 7:16 3c279]% gtsrcmaps
WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).
Exposure hypercube file[3C279_binned_ltcube.fits]

Counts map file[3C279_binned_ccube.fits]
Source model file[3C279_input_model.xml]

Binned exposure map[3C279_binned_expcube.fits]
Source maps output file[3C279_binned_srcmaps.fits]
Response functions[CALDB]

Generating SourceMap for 3C 273 38

Generating SourceMap for 3C 279 38

Generating SourceMap for gll_iem_v@7 38
Generating SourceMap for iso_P8R3_SOURCE_VZ2_v1 38

CCETTHRUR exposure, LARYR, EFILICEDWT, EFILTEERLE
BY—ADNOY Yy TZIRILF—EICEE,

2020.11.25 48



-
S Likelihood f##T (gtlike)

Gamma-ay

" 4 Space Teles cope

/(fermi) [ohno@massalia3 7:53 3c279]% gtlike

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

Statistic to use (BINNEDIUNBINNED) [BINNED]
Counts map file[3C279_binned_srcmaps.fits]

'Binned exposure map[3C279_binned_allsky_expcube.fits]
[Exposure hypercube file[3C279_binned_ltcube.fits]

Source model file[3C279_input_model.xml]

'Response functions to use[CALDB]

Optimizer (DRMNFBINEWMINUITIMINUITIDRMNGBILBFGS) [NEWMINUIT]

o BT I, o
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ey Likelihood f&4# (gtlike)

Cl dmma
pace |l e

ray

10° 4
1072 1 ”-ka‘

10—4 -

counts/MeV

10—6 4

10—8 -

102 103 104 105
Energy (MeV)

AeEd> Q=

.

(counts - model) / model

T

102 103 104 105

AeEd> Q=

2020.11.25

BRMTIG R

Photon fluxes are computed for the energy range 100 to 500000 MeV

3C 273:

Prefactor: 6.11614 +/- 1.98941
Index: -2.69982 +/- 0.245313
Scale: 100

TS value: 54.6827
Flux: 3.60453e-07 +/- 8.22487e-08 photons/cmA2/s

3C 279:

Prefactor: 5.76287 +/- 1.68615

Index: -2.56243 +/- 0.21013

Scale: 100

TS value: 69.0614

Flux: 3.69395e-07 +/- 7.59162e-08 photons/cmA2/s

EROEENTZ time-resolve T
175 & T fluxd

SA4 A=, index DR E
15D



’0
A TS map (gttsmap)

Gamma ray
/' Space Teles cope

NNV DTSV RICHUT, RIRETILVERF VI DI ET,
BEVVIMLEBICHEITDIREETILOE %\FE(TS)%':J 29 D,
CRBETIVERF P VTR EVWSTEDNRXO>TVNBDT, EFILI71ILIE
RIRZBRWEZE D,

[ohno@massalia3 18:47 Tutoriall]$ cat LAT_likelihoodmodel_P8_template_tsMap.xml
<?xml version="1.0" standalone="no"?7>
<source_library title="source library">

<source name="GalacticTemplate" type="DiffuseSource">
<spectrum type="ConstantValue">
<parameter free="1" max="10" min="0" name="Value" scale="1" value="2.103967643" />
</spectrum>
<spatialModel file="$(FERMI_DIR)/refdata/fermi/galdiffuse/gll_iem_v@6.fits" type="MapCubeFunctio

n">
<parameter free="0" max="1000" min="0.001" name="Normalization" scale="1" value="1" />
</spatialModel>
</source>
<source name="IsotropicTemplate" type="DiffuseSource">
<spectrum file="$(FERMI_DIR)/refdata/fermi/galdiffuse/iso_P8R2_SOURCE_V6_v06.txt" type="FileFunc
tion">
<parameter free="1" max="1000" min="1e-05" name="Normalization" scale="1" value="1.000000022¢-
05" />
</spectrum>
<spatialModel type="ConstantValue">
<parameter free="0" max="10" min="0" name="Value" scale="1" value="1" />
</spatialModel>
</source>
| </source_library>

INw OISOV REFTILUNER ULEWSEIZ diffuse DHo sIRbgdh\H DIHE &
SRS EI)
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TS map (gttsmap)

— o
E_SSserml
Cld""ﬂd 'd‘!'

/‘ Space Telesc ope

|(fermi) [ohno@massalia3 12:10 grb@80916c]$ gttsmap

WARNING: version mismatch between CFITSIO header (v3.43) and linked library (v3.41).

|Statistic to use (BINNED|IUNBINNED) [BINNED]

Counts map file[GRBO80916C_binned_srcmaps.fits]

IBinned exposure map[GRBO80916C_binned_allsky_expcube.fits]

|[Exposure hypercube file[GRBO80916(C_binned_ltcube.fits]

|ISource model file[GRB@8@916(C_input_model_gtlike.xml] GRB@8@916C_input_model_tsmap.xml
IResponse functions to use[P8R3_SOURCE_V2]

Optimizer (DRMNFBINEWMINUIT|IMINUITI|DRMNGBILBFGS) [NEWMINUIT]

TS map file name[GRBO8@916C_binned_tsmap.fits]

INumber of X axis pixels[30]

INumber of Y axis pixels[30]

Coordinate system (CELIGAL) [CEL]
|X-coordinate of image center in degrees (RA or 1)[193.98] 119.847

'Y-coordinate of image center in degrees (Dec or b)[-5.82] -56.638
IProjection method (AITIARCICARIGLSIMERINCPISINISTGITAN) [AIT]

KEIEY —ADBRELEEEDFHD. UEBRERE
LD TULWBHSEH. IREICALWSNDS,
GRBIR EEHKMAIEETLREDFESEIINHKEHID
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s, P ML LAT fi##r F£& &

LAT F—%(&. FSSC @ LAT data server 549D yv0O—RK
Photon data / spacecraft data @ 2 &EEHHE
BT ORNIE
1) gtselect TAIRV LIV IT3 YV
2) gtbin THOYVKYYTZENTY —RUBRE ZTES
3) exposure map D&
4) ETI 71 IEAR
5) gtlike TANROKILT 1 v
- SED
- RO H DB THluxSH&E => S1 +Hh—7
mE
6) RKRIEXE(GRBR E)DIFE (& gttsmap & E TUEIRTE
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@5, erml *%Q @ﬁgﬁ’ff/’)"—jl—x

Gamma-ray

,/ Space Telescope
« Gtburst (GRBf#E#HTIZH ALGUIR—XDfE

y—I)

o] @ Likelihood results
I I | |
| Source name Par. Nomel Valuel Errorl Units s
B e Bt R R R e
- i R — | IGalacticTemplate ! | | 5
— I Valuel 1in.a. (fixed)!
e rm I - = [ I Energy fluxl 2.23e-08! 0l erg/em2/s
I Photon flux| 4.66e-05! 01 ph./cm2/s
IIsotropicTemplate | | | 1
— I Normalization! 2.081 9.361
\ z I Energy fluxl 1.06e-7! 4.78e-071 erg/cm2/s
n - L | Photon fluxl @.000298! 0.001341 ph./cm2/s
16n@80916009 I [ | 1658
I Integrall ©.000616! 5.13e-051 ph./cm2/s
| Index!| 2.211 @.08021
:“ I LowerLimit! 100In.a. (fixed)! MeV
° on a1—) a S ‘ Upertimitl  1eSina. cFixedyl v
] I Energy fluxl 2.18e-07! 1.73¢-081 erg/cm2/s
— I Photon fluxl ©.000578! 5.08¢-051 ph./cm2/s

L] L]
pylikelihoo
:

ve space
* ALl fluxes and upper limits have been computed in the 100.0 - 1000.0 energy range.

*** Upper limits (if any) are computed assuming o photon index of -2.0, with the 95.0 % c.1.

Log(likelihood) = 615.346909418

Results of the last likelihood analysis. Select 'close’ from the file menu to close this window

https://fermi.gsfc.nasa.gov/ssc/data/analys  «oomressrmes s

L.

is/scitools/upper_limits.html ==
* Fermipy

https://fermipy.readthedocs.io/en/latest/ind
ex.html

FEGE

2020.11.25 ZEET—HEVARRSE o

eype unbinned  ~



https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/gtburst.html
https://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/python_tutorial.html

