
Astrofisica	
  Nucleare	
  e	
  Subnucleare	
  
	
  UHECR	
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Metodi	
  di	
  misura	
  dei	
  raggi	
  cosmici	
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Misure	
  dire<e	
  
	
  E<1014	
  eV	
  	
  
Misure	
  indire<e,	
  	
  
E>1014	
  eV	
  	
  



KASCADE	
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  h<ps://kcdc.ikp.kit.edu/	
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Rivelatori	
  di	
  sciami	
  di	
  alta	
  energia	
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electrons 

γ -rays 

muons 
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AUGER:	
  Un	
  rivelatore	
  ibrido	
  
Rivelatore di sciami: 1600 taniche cilindriche (ciascuna di 10 m2 ed alte 

1.5 m) riempite di acqua, per rivelare gli sciami al suolo tramite la luce 
Cerenkov emessa dagli elettroni nell’acqua 

•  Il rivelatore di sciami misura la 
distribuzione laterale e temporale 
dello sciame 

•  Distanza tra taniche: 1.5 km 
•  Area di forma esagonale, di 60×60 

km2 

•  Rivelatori di fluorescenza: 6 
telescopi con ciascuno 4 “occhi” 
per determinare il profilo 
longitudinale dello sciame e l’altezza 
del suo massimo. 



AUGER	
  Energy	
  spectrum	
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Auger	
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h<ps://www.auger.org/	
  



Composizione	
  chimica	
  dei	
  RC	
  nella	
  regione	
  
degli	
  EAS	
  

•  Il modello del leaky box prevede un arricchimento di elementi pesanti 
nei RC sino al ginocchio.  
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•  Gli	
  EAS	
  possono	
  
misurare	
  <A>	
  con	
  
difficoltà.	
  	
  

•  Le	
  misure	
  
possono	
  essere	
  
poi	
  confrontate	
  
con	
  modelli	
  
estremi	
  (solo	
  p	
  o	
  
Fe)	
  via	
  MC	
  



Possibili	
  macchine	
  acceleratrici	
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Z: Carica della particella 
B: Campo magnetico 
L: Dimensioni dell’oggetto 
Γ: boost dell’onda di shock 

B 

L 

GRB (artist) 

Crab Pulsar 

Vela SNR 

3C47 

Centurus A 

M87 



Astrofisica	
  Nucleare	
  e	
  Subnucleare	
  
Astrophysical	
  Neutrinos	
  









Icecube	
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h<ps://icecube.wisc.edu/	
  



Astrophysical Neutrinos 



“The”	
  neutrino	
  …	
  



TXS 0506+056 
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Fermi	
  LAT	
  



The	
  GeV	
  sky	
  



4FGL	
  catalog	
  

Abdollahi	
  et	
  al	
  2020	
  



Where	
  to	
  find	
  data?	
  	
  

h<p://fermi.gsfc.nasa.gov/ssc/	
  



Fermi	
  LAT	
  
Data	
  Analysis	
  Tutorial	
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Tutorial	
  
•  Overview	
  of	
  the	
  Fermi	
  Large	
  Area	
  Telescope	
  

§  LAT data  
 

•  Fermi Science Tools 
§  General Introduction 
 

•  Maximum Likelihood Overview 
§  Source modeling  

•  	
  	
  	
  One	
  study	
  case:	
  
§  3c454.3: likelihood tutorial 

§  gtburst HE Analysis of GRBs 



What	
  do	
  you	
  need	
  for	
  the	
  analysis	
  
•  	
  Data	
  ...of	
  course!	
  

– LAT	
  detected	
  events	
  
– Spacecrah	
  related	
  stuff	
  
– Extras	
  (Backgrounds	
  ,	
  catalog	
  sources,	
  lming..	
  )	
  

•  	
  Fermi	
  Science	
  Tools	
  
– 	
  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/sohware/	
  

•  	
  Other	
  ancillary	
  tools	
  
–  hools,	
  HEASOFT,	
  DS9	
  etc..	
  
– 	
  h<p://heasarc.gsfc.nasa.gov/docs/sohware.html	
  

•  	
  Lots	
  and	
  lots	
  of	
  scripts!	
  
–  Fermi	
  tools	
  are	
  already	
  scriptable	
  
– 	
  You	
  can	
  also	
  use	
  your	
  favourite	
  scriplng	
  language	
  ...	
  but	
  ..	
  
– 	
  Science	
  Tools	
  can	
  be	
  imported	
  as	
  Python	
  modules!	
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LAT DATA ARE PUBLIC!! 
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How	
  to	
  access	
  LAT	
  Data	
  
•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/	
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LAT	
  Data	
  
•  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 
– https://heasarc.gsfc.nasa.gov/FTP/fermi/data/lat/weekly/photon/ 

•  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..) 
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Extras	
  -­‐	
  IRFs	
  
•  LAT	
  Instrument	
  Response	
  Funclons	
  (IRFs)	
  
– Point Spread Function (PSF) 
– Effective Area 
– Energy Resolution	
  
•  	
  Highly	
  dependent	
  on	
  energy	
  and	
  arrival	
  direclon	
  
of	
  incident	
  photon	
  

•  	
  Fundamental	
  for	
  analysis!!	
  

•  h<p://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm	
  
•  h<ps://fermi.gsfc.nasa.gov/ssc/data/analysis/documentalon/Cicerone/Cicerone_LAT_IRFs/

IRF_overview.html	
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Extras	
  
•  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	
  (4FGL,	
  3FHL,	
  PSRs,	
  GRB,	
  SNR	
  …)	
  

•  	
  Region	
  of	
  Interest	
  model	
  definilon	
  (stored	
  in	
  XML	
  files)	
  
•  More	
  on	
  this	
  later	
  …	
  

•  Choose	
  the	
  proper	
  combinalon	
  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	
  parlcle	
  contaminalon	
  –	
  for	
  diffuse	
  sources	
  

analysis)	
  
•  Event	
  types	
  based	
  on	
  conversion	
  point	
  or	
  PSF	
  or	
  Energy	
  reconstruclon	
  



LAT	
  background	
  models	
  



LAT	
  background	
  models	
  

h<ps://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html	
  



PASS8	
  DATA	
  



Event	
  classes	
  



Event	
  classes	
  



Event	
  types	
  



Recommendalons	
  	
  



Recommendalons	
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Explore	
  LAT	
  data	
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Overview	
  of	
  Fermi	
  Science	
  Tools	
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Blazar	
  one	
  of	
  …	
  3c454.3's	
  record	
  flares!	
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How	
  to	
  download	
  data	
  
•  h<p://fermi.gsfc.nasa.gov/cgi-­‐bin/ssc/LAT/
LATDataQuery.cgi	
  

The week of the giant outburst!! 
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gtselect	
  (select	
  data)	
  
•  [/home/]$	
  gtselect	
  evclass=128	
  evtype=3	
  
•  Input	
  FT1	
  file[photon.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)	
  [10]	
  
•  start	
  lme	
  (MET	
  in	
  s)	
  (0:)	
  [281318400]	
  
•  end	
  lme	
  (MET	
  in	
  s)	
  (0:)	
  [281923200]	
  
•  lower	
  energy	
  limit	
  (MeV)	
  (0:)	
  [100]	
  
•  upper	
  energy	
  limit	
  (MeV)	
  (0:)	
  [500000]	
  
•  maximum	
  zenith	
  angle	
  value	
  (degrees)	
  (0:180)	
  [90]	
  

•  >	
  gtselect	
  evclass=128	
  evtype=3	
  	
  infile=ph.fits	
  ouzile=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.	
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gtmklme	
  (cut	
  the	
  bad	
  lme	
  intervals)	
  

•  [/home/]$	
  gtmklme	
  
•  Spacecrah	
  data	
  file[spacecrah.fits]	
  
•  Filter	
  expression[(DATA_QUAL>0)&&(LAT_CONFIG==1)]	
  
•  Apply	
  ROI-­‐based	
  zenith	
  angle	
  cut[no]	
  
•  Event	
  data	
  file[filtered.fits]	
  
•  Output	
  event	
  file	
  name[filtered_gl.fits]	
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gtbin	
  (Counts	
  Map)	
  
•  [/home]$	
  gtbin	
  
•  Type	
  of	
  output	
  file	
  (CCUBE|CMAP|LC|PHA1|PHA2|HEALPIX)	
  [CMAP]	
  
•  Event	
  data	
  file	
  name[filtered_gl.fits]	
  
•  Output	
  file	
  name[cmap.fits]	
  
•  Spacecrah	
  data	
  file	
  name[spacecrah.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	
  -­‐	
  celeslal,	
  GAL	
  -­‐galaclc)	
  (CEL|GAL)	
  [CEL]	
  
•  First	
  coordinate	
  of	
  image	
  center	
  in	
  degrees	
  (RA	
  or	
  galaclc	
  l)[343.494812]	
  
•  Second	
  coordinate	
  of	
  image	
  center	
  in	
  degrees	
  (DEC	
  or	
  galaclc	
  b)

[16.1495]	
  
•  Rotalon	
  angle	
  of	
  image	
  axis,	
  in	
  degrees[0]	
  
•  Projeclon	
  method	
  e.g.	
  AIT|ARC|CAR|GLS|MER|NCP|SIN|STG|TAN:[AIT]	
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Maximum	
  Likelihood	
  Overview	
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Perform	
  the	
  fit:	
  the	
  likelihood	
  
approach	
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Describing	
  the	
  Source	
  Model:	
  the	
  XML	
  model	
  

•  Typical	
  source	
  entry	
  for	
  an	
  assumed	
  powerlaw	
  
spectrum	
  

•  <!-­‐-­‐	
  Point	
  Sources	
  -­‐-­‐>	
  

•  <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>	
  
•  <spalalModel	
  type="SkyDirFunclon">	
  
•  <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"/>	
  
•  </spalalModel>	
  
•  </source>	
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XML	
  model	
  
•  Test	
  different	
  models...	
  power	
  law	
  *	
  HE	
  exponenlal	
  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	
  definilon	
  and	
  XML	
  model	
  definilons:	
  
•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/xml_model_defs.html	
  
•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/source_models.html	
  

•  Useful	
  python	
  script	
  to	
  load	
  4FGL	
  sources	
  that	
  belongs	
  to	
  your	
  ROI	
  in	
  your	
  XML	
  
file	
  model	
  (	
  make4FGLxml.py	
  )	
  

•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/user/	
  
•  	
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Describing	
  the	
  Source	
  Model:	
  the	
  XML	
  model	
  

•  Backgrounds	
  
•  <!-­‐-­‐	
  Diffuse	
  Sources	
  -­‐-­‐>	
  
•  <source	
  name="galaclc_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>	
  
•  <spalalModel	
  file=”gll_iem_v07.fits"	
  type="MapCubeFunclon">	
  
•  <parameter	
  free="0"	
  max="1e3"	
  min="1e-­‐3"	
  name="Normalizalon"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
  
•  <source	
  name="extragalaclc_background"	
  type="DiffuseSource">	
  
•  <spectrum	
  file=”�iso_P8R3_SOURCE_V3_v1.txt"	
  type="FileFunclon">	
  
•  <parameter	
  free="1"	
  max="10"	
  min="1e-­‐2"	
  name="Normalizalon"	
  scale="1"	
  value="1"/>	
  
•  </spectrum>	
  
•  <spalalModel	
  type="ConstantValue">	
  
•  <parameter	
  free="0"	
  max="10.0"	
  min="0.0"	
  name="Value"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
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Likelihood	
  1st	
  step:	
  gtltcube	
  

•  [/home]$	
  gtltcube	
  zmax=90	
  
•  Event	
  data	
  file[filtered_gl.fits]	
  
•  Spacecrah	
  data	
  file[sc.fits]	
  
•  Output	
  file[ltCube.fits]	
  
•  Step	
  size	
  in	
  cos(theta)	
  (0.:1.)	
  [0.025]	
  
•  Pixel	
  size	
  (degrees)[1]	
  
•  ……..	
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Likelihood	
  2nd	
  step:	
  gtexpmap	
  
•  [/home/]$	
  gtexpmap	
  
•  Event	
  data	
  file[filtered_gl.fits]	
  
•  Spacecrah	
  data	
  file[sc.fits]	
  
•  Exposure	
  hypercube	
  file[ltCube.fits]	
  
•  output	
  file	
  name[expMap.fits]	
  
•  Response	
  funclons[CALDB]	
  
•  Radius	
  of	
  the	
  source	
  region	
  (in	
  degrees)[30]	
  
•  Number	
  of	
  longitude	
  points	
  (2:1000)	
  [120]	
  
•  Number	
  of	
  laltude	
  points	
  (2:1000)	
  [120]	
  
•  Number	
  of	
  energies	
  (2:100)	
  [20]	
  
•  Compulng	
  the	
  ExposureMap	
  using	
  ltCube.fits	
  
•  ...	
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gtexpmap	
  



Likelihood	
  3rd	
  step:	
  the	
  XML	
  model	
  



Likelihood	
  3rd	
  step	
  

•  python	
  make4FGLxml.py	
  gll_psc_v28.xml	
  
filtered_gl.fits	
  -­‐o	
  3C454.xml	
  -­‐r	
  5.0	
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Describing	
  the	
  Source	
  Model:	
  the	
  XML	
  model	
  

•  Backgrounds	
  
•  <!-­‐-­‐	
  Diffuse	
  Sources	
  -­‐-­‐>	
  
•  <source	
  name="galaclc_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>	
  
•  <spalalModel	
  file=”gll_iem_v07.fits"	
  type="MapCubeFunclon">	
  
•  <parameter	
  free="0"	
  max="1e3"	
  min="1e-­‐3"	
  name="Normalizalon"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
  
•  <source	
  name="extragalaclc_background"	
  type="DiffuseSource">	
  
•  <spectrum	
  file=”�iso_P8R3_SOURCE_V3_v1.txt"	
  type="FileFunclon">	
  
•  <parameter	
  free="1"	
  max="10"	
  min="1e-­‐2"	
  name="Normalizalon"	
  scale="1"	
  value="1"/>	
  
•  </spectrum>	
  
•  <spalalModel	
  type="ConstantValue">	
  
•  <parameter	
  free="0"	
  max="10.0"	
  min="0.0"	
  name="Value"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
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Likelihood	
  3rd	
  step:	
  the	
  XML	
  
model	
  •  Backgrounds	
  

•  <!-­‐-­‐	
  Diffuse	
  Sources	
  -­‐-­‐>	
  
•  <source	
  name="galaclc_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>	
  
•  <spalalModel	
  file=”gll_iem_v06.fits"	
  type="MapCubeFunclon">	
  
•  <parameter	
  free="0"	
  max="1e3"	
  min="1e-­‐3"	
  name="Normalizalon"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
  
•  <source	
  name="extragalaclc_background"	
  type="DiffuseSource">	
  
•  <spectrum	
  file=”�iso_P8R2_SOURCE_V6_v06.txt"	
  type="FileFunclon">	
  
•  <parameter	
  free="1"	
  max="10"	
  min="1e-­‐2"	
  name="Normalizalon"	
  scale="1"	
  value="1"/>	
  
•  </spectrum>	
  
•  <spalalModel	
  type="ConstantValue">	
  
•  <parameter	
  free="0"	
  max="10.0"	
  min="0.0"	
  name="Value"	
  scale="1.0"	
  value="1.0"/>	
  
•  </spalalModel>	
  
•  </source>	
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XML	
  model	
  
•  Typical	
  source	
  entry	
  for	
  an	
  assumed	
  powerlaw	
  
spectrum	
  

•  <!-­‐-­‐	
  Point	
  Sources	
  -­‐-­‐>	
  

•  <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>	
  
•  <spalalModel	
  type="SkyDirFunclon">	
  
•  <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"/>	
  
•  </spalalModel>	
  
•  </source>	
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XML	
  model	
  
•  Test	
  different	
  models...	
  power	
  law	
  *	
  HE	
  exponenlal	
  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	
  definilon	
  and	
  XML	
  model	
  definilons:	
  
•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/xml_model_defs.html	
  
•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/source_models.html	
  

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

•  h<p://fermi.gsfc.nasa.gov/ssc/data/analysis/user/	
  
•  	
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Diffuse	
  response	
  

•  [/home/]$�gtdiffrsp	
  
•  Event	
  data	
  file[]filtered_gl.fits	
  	
  
•  Spacecrah	
  data	
  file[]	
  sc.fits	
  	
  
•  Source	
  model	
  file[]	
  3c454.3.xml	
  	
  
•  Response	
  funclons	
  to	
  use[]	
  CALDB	
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Finally...	
  gtlike	
  
performing	
  the	
  actual	
  fit	
  

•  [/home/]$	
  gtlike	
  plot=no	
  
•  Stalslc	
  to	
  use	
  (BINNED|UNBINNED)	
  [UNBINNED]	
  
•  Spacecrah	
  file[sc.fits]	
  
•  Event	
  file[filtered_gl.fits]	
  
•  Unbinned	
  exposure	
  map[expMap.fits]	
  
•  Exposure	
  hypercube	
  file[ltCube.fits]	
  
•  Source	
  model	
  file[../xml_models/_3c454.3_model_ROI15.xml]	
  
•  Response	
  funclons	
  to	
  use[CALDB]	
  
•  Oplmizer	
  (DRMNFB|NEWMINUIT|MINUIT|DRMNGB|LBFGS)	
  [DRMNFB]	
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Likelihood	
  output	
  
•  {'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',	
  
•  …	
  
•  extragalaclc_background':	
  {'Normalizalon':	
  '1.20197	
  +/-­‐	
  0.23541',	
  
•  'Npred':	
  '643.953',	
  
•  'Flux':	
  '0.000170707	
  +/-­‐	
  3.34331e-­‐05',	
  
•  },	
  
•  'galaclc_background':	
  {'Prefactor':	
  '0.739969	
  +/-­‐	
  0.251827',	
  
•  'Index':	
  '0',	
  
•  'Scale':	
  '100',	
  
•  'Npred':	
  '357.929',	
  
•  'Flux':	
  '0.000215978	
  +/-­‐	
  7.35023e-­‐05',	
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gtburst	
  overview	
  



Check	
  the	
  “Navigalon”	
  plot	
  



Likelihood	
  with	
  gtburst	
  



Select	
  event	
  class	
  



See	
  count	
  map	
  and	
  list	
  of	
  photons	
  



Create	
  XML	
  model	
  



Select	
  the	
  parameters	
  of	
  the	
  model	
  



Fit	
  plots	
  



Fit	
  results	
  



Fit	
  results	
  


