
Astrofisica	  Nucleare	  e	  Subnucleare	  
GeV	  Astrophysics	  IV	  
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Detector	  Project	  
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Gamma-‐ray	  astrophysics	  above	  100	  MeV	  	  

Picture of the day, Feb. 28, 2011, NASA-HEASARC 

AGILE Fermi 



CALET?	  



CALET?	  



CALET	  



CALET	  gamma-‐sky	  



Gamma-‐400?	  



Gamma400	  



The	  detector	  is	  consisted	  of	  4	  parts:	  
Top	  scinIllators	  (charge	  measurement)	  
Si	  tracker	  (5	  layers)	  
BGO	  calorimeter	  
Neutron	  detector	  

DAMPE	  



DAMPE	  Gamma	  results	  



DAMPE	  Gamma	  results	  



HERD	  



AGILE	  



The AGILE sky 



AGILE sources 

Bulgarelli et al. 2019  



AGILE sources 

Bulgarelli et al. 2019  



Where to find data?  

hRps://agile.ssdc.asi.it/	  



Conclusions 
•  AGILE	  crucial	  contribuIons	  to	  tesIng	  parIcle	  acceleraIon	  

theories,	  plasma	  instabiliIes	  in	  the	  Universe	  and	  on	  the	  
Earth	  !	  
–  Big	  surprise:	  discovery	  of	  gamma-‐ray	  flares	  from	  the	  Crab	  
Nebula:	  2012	  Bruno	  Rossi	  Prize	  

–  Origin	  of	  cosmic	  rays,	  SNR	  W44,	  first	  direct	  evidence	  of	  
neutral	  pion	  emission	  

–  RelaIvisIc	  jets	  in	  microquasars	  and	  blazars	  
–  Gamma-‐ray	  emission	  up	  to	  100	  MeV	  from	  Terrestrial	  
Gamma-‐Ray	  Flashes	  

	  
	  
	  
	  



AGILE	  
Data	  Analysis	  Tutorial	  



AGILE	  data	  analysis	  



AGILE	  data	  analysis	  



Fermi	  LAT	  



The	  GeV	  sky	  



	  
3FGL	  catalog	  –	  3033	  sources	  



4FGL	  catalog	  

Abdollahi	  et	  al	  2020	  



Where	  to	  find	  data?	  	  

hRp://fermi.gsfc.nasa.gov/ssc/	  



Synergies	  with	  Other	  Observatories	  

•  Fermi	  covers	  a	  huge	  
interval	  of	  the	  EM	  
spectrum	  
–  Crucial	  and	  

unique	  spectral	  
coverage	  

•  Complement	  the	  
large	  number	  of	  
upcoming	  new	  
survey	  instruments	  
from	  VHE	  to	  radio	  
wavebands	  
–  At	  the	  dawn	  of	  

Ime	  domain	  
astrophysics	  
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GRB	  science	  

Piron	  :	  GRB2012	  



LLE	  data	  

•  The	  LAT	  Low	  Energy	  analysis	  (LLE)	  is	  a	  new	  type	  of	  analysis	  developed	  by	  the	  Fermi-‐LAT	  
and	  Fermi-‐GBM	  teams	  for	  increasing	  the	  effecIve	  area	  of	  the	  Large	  Area	  Telescope	  at	  low	  
energy,	  and	  it	  is	  suitable	  for	  studying	  transient	  phenomena,	  such	  as	  Gamma-‐Ray	  Bursts	  
and	  Solar	  Flares.	  The	  LLE	  analysis	  filters	  event	  data	  with	  a	  very	  loose	  event	  selecIon,	  
requiring	  only	  minimal	  informaIon,	  such	  as	  the	  existence	  of	  a	  reconstructed	  direcIon.	  

hRp://fermi.gsfc.nasa.gov/ssc/data/analysis/LAT_caveats.html	  	  	  	  

arXiv:1002.2617	  



Pulsar	  Science	  

Ray	  :	  Fermi	  Summer	  School	  2012	  



Periodic	  Analysis	  (eg.	  Pulsars)	  
•  Folding	  with	  known	  ephemeridis	  
•  Blind	  searches	  
•  Radio	  follow	  up	  on	  Fermi	  LAT	  sources	  

32	  
Ray	  :	  Fermi	  Summer	  School	  2011/12	  

Abdo	  et	  al.	  2009	  

Atwood	  et	  al.	  2006	  

Saz	  Parkinson	  et	  al.	  2010	  



The	  Diffuse	  emission	  

33	  



Diffuse	  Analysis	  
•  Cosmic	  rays	  
•  Interstellar	  gas	  (molecular,	  

atomic,	  ionized)	  
•  Interstellar	  radiaIon	  field	  

34	  

Casandjian:	  Fermi	  Symposium	  2011	  
Digel:	  Fermi	  Summer	  school	  2012	  



GalProp	  
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GalProp	  
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Source	  Analysis	  
•  Source	  detecIons	  algorithms	  	  
•  Spectral	  analysis	  	  
•  AssociaIon	  studies	  
•  Variability	  studies	  
•  Source	  extension	  	  

Abdo	  et	  al.	  2011,	  Nolan	  et	  al.	  2012	  
Lande	  et	  al.	  2012	  



The	  Large	  Area	  Telescope	  	  

•  The	  LAT	  is	  a	  parIcle	  physics	  detector	  we’ve	  shot	  into	  
space	  
– We	  analyze	  individual	  events	  (one	  photon	  at	  a	  Ime)	  with	  
high	  energy	  physics	  techniques	  to	  get	  photon	  sample	  

–  Lots	  of	  hard	  work	  to	  get	  (RA,DEC,E)	  behind	  the	  curtain	  
•  Huge	  variaIons	  in	  response	  to	  different	  types	  of	  
events	  
–  Bandpass	  =	  4-‐5	  decades	  in	  energy	  (<	  20MeV	  to	  >	  300	  GeV)	  	  
–  Field	  of	  View	  =	  2.4	  sr	  (some	  response	  up	  to	  70°	  off-‐axis)	  

•  Several	  High	  Energy	  Astrophysics	  topics	  explored	  by	  
the	  LAT	  	  	  



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 
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OperaIng	  Mode	  



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

– LAT	  detected	  events	  
– Spacecran	  related	  stuff	  
– Extras	  (Backgrounds	  ,	  catalog	  sources,	  Iming..	  )	  

•  	  Fermi	  Science	  Tools	  
– 	  hRp://fermi.gsfc.nasa.gov/ssc/data/analysis/sonware/	  

•  	  Other	  ancillary	  tools	  
–  nools,	  HEASOFT,	  DS9	  etc..	  
– 	  hRp://heasarc.gsfc.nasa.gov/docs/sonware.html	  

•  	  Lots	  and	  lots	  of	  scripts!	  
–  Fermi	  tools	  are	  already	  scriptable	  
– 	  You	  can	  also	  use	  your	  favourite	  scripIng	  language	  ...	  but	  ..	  
– 	  Science	  Tools	  can	  be	  imported	  as	  Python	  modules!	  

42	  

LAT DATA ARE PUBLIC!! 



LAT	  data	  analysis	  references	  
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How	  to	  access	  LAT	  Data	  
•  hRp://fermi.gsfc.nasa.gov/ssc/data/analysis/	  



45	  

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	  FuncIons	  (IRFs)	  
– Point Spread Function (PSF) 
– Effective Area 
– Energy Resolution	  
•  	  Highly	  dependent	  on	  energy	  and	  arrival	  direcIon	  
of	  incident	  photon	  

•  	  Fundamental	  for	  analysis!!	  

•  hRp://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm	  
•  hRps://fermi.gsfc.nasa.gov/ssc/data/analysis/documentaIon/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	  definiIon	  (stored	  in	  XML	  files)	  
•  More	  on	  this	  later	  …	  

•  Choose	  the	  proper	  combinaIon	  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	  parIcle	  contaminaIon	  –	  for	  diffuse	  sources	  

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



LAT	  background	  models	  



LAT	  background	  models	  

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



LAT	  catalogs	  

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



PASS8	  DATA	  



• 	  Event	  reconstrucIon	  re-‐thought,	  re-‐coded	  from	  boRom	  to	  top.	  
• 	  Performs	  significantly	  beRer.	  
•  Data public since 2015. 
•  Several pulsars have popped into view.                  Figure from 2016 NASA Senior Review. 



New	  Pass8	  data	  

hRp://fermi.gsfc.nasa.gov/ssc/data/analysis/documentaIon/Pass8_usage.html	  



Pass	  8	  introducIon	  



Pass8	  introducIon	  



Pass8	  IntroducIon	  



Event	  classes	  



Event	  classes	  



Event	  types	  



RecommendaIons	  	  



RecommendaIons	  	  



LAT	  sky	  



LAT	  4FGL	  catalog	   Abdollahi	  et	  al	  2020	  



LAT	  –	  Low	  Energy	  (30	  –	  100	  MeV)	  sky	  	  



LAT	  –	  1FLE	  catalog	  
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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	  
•  hRp://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	  Ime	  (MET	  in	  s)	  (0:)	  [281318400]	  
•  end	  Ime	  (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	  ouyile=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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gtmkIme	  (cut	  the	  bad	  Ime	  intervals)	  

•  [/home/]$	  gtmkIme	  
•  Spacecran	  data	  file[spacecran.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_gI.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_gI.fits]	  
•  Output	  file	  name[cmap.fits]	  
•  Spacecran	  data	  file	  name[spacecran.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	  -‐	  celesIal,	  GAL	  -‐galacIc)	  (CEL|GAL)	  [CEL]	  
•  First	  coordinate	  of	  image	  center	  in	  degrees	  (RA	  or	  galacIc	  l)[343.494812]	  
•  Second	  coordinate	  of	  image	  center	  in	  degrees	  (DEC	  or	  galacIc	  b)

[16.1495]	  
•  RotaIon	  angle	  of	  image	  axis,	  in	  degrees[0]	  
•  ProjecIon	  method	  e.g.	  AIT|ARC|CAR|GLS|MER|NCP|SIN|STG|TAN:[AIT]	  
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Look	  at	  the	  counts	  map	  
Use DS9 to look at the counts map of your ROI and check for close-by sources 
> ds9 CMAP.fits & 
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gtbin	  (Light	  Curve)	  

•  [/home]$	  gtbin	  
•  Type	  of	  output	  file	  (CCUBE|CMAP|LC|PHA1|PHA2|
HEALPIX)	  [LC]	  

•  Event	  data	  file	  name[filtered_gI_smallROI.fits]	  à	  NB	  
selected	  at	  1	  deg	  

•  Output	  file	  name[LC.fits]	  
•  Spacecran	  data	  file	  name[sc.fits]	  
•  Algorithm	  for	  defining	  Ime	  bins	  (FILE|LIN|SNR)	  [LIN]	  
•  Start	  value	  for	  first	  Ime	  bin	  in	  MET[281318400]	  
•  Stop	  value	  for	  last	  Ime	  bin	  in	  MET[281923200]	  
•  Width	  of	  linearly	  uniform	  Ime	  bins	  in	  seconds[86400]	  
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Light-‐curve:	  a	  quick-‐look	  
Use FitsView to look at the lightcurve: 
> fv LC.fits & (rough estimate .. Not background subtracted) 
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Light-‐curve:	  a	  quick-‐look	  



gtbin	  –	  II	  (Light	  Curve)	  
•  [/home]$	  gtexposure	  
•  �Light	  curve	  file[]	  lc.fits	  	  
•  Spacecran	  file[]	  sc.fits	  	  
•  Response	  funcIons[CALDB]	  	  
•  Source	  model	  XML	  file[none]	  	  
•  Photon	  index	  for	  spectral	  weighIng[-‐2.1]	  	  
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Light-‐curve:	  calculate	  fluxes	  
Use FitsView to look at the lightcurve: 
> fv LC.fits & 



Insert new column 
Calculate rate 
Calculate rate errors 

Light-curve: calculate fluxes 
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Light-‐curve:	  calculate	  fluxes	  
Insert new column 
Calculate rate 
Calculate rate errors 
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Light-‐curve:	  calculate	  fluxes	  
Insert new column 
Calculate rate 
Calculate rate errors 



Light	  curve	  
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Analysis	  Tutorial	  -‐	  2	  
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Maximum	  Likelihood	  Overview	  
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Perform	  the	  fit:	  the	  likelihood	  
approach	  
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101	  



102	  



103	  



104	  



105	  
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107	  
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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>	  
•  <spaIalModel	  type="SkyDirFuncIon">	  
•  <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"/>	  
•  </spaIalModel>	  
•  </source>	  
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XML	  model	  
•  Test	  different	  models...	  power	  law	  *	  HE	  exponenIal	  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	  definiIon	  and	  XML	  model	  definiIons:	  
•  hRp://fermi.gsfc.nasa.gov/ssc/data/analysis/scitools/xml_model_defs.html	  
•  hRp://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	  )	  

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

•  Backgrounds	  
•  <!-‐-‐	  Diffuse	  Sources	  -‐-‐>	  
•  <source	  name="galacIc_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>	  
•  <spaIalModel	  file=”gll_iem_v07.fits"	  type="MapCubeFuncIon">	  
•  <parameter	  free="0"	  max="1e3"	  min="1e-‐3"	  name="NormalizaIon"	  scale="1.0"	  value="1.0"/>	  
•  </spaIalModel>	  
•  </source>	  
•  <source	  name="extragalacIc_background"	  type="DiffuseSource">	  
•  <spectrum	  file=”�iso_P8R3_SOURCE_V3_v1.txt"	  type="FileFuncIon">	  
•  <parameter	  free="1"	  max="10"	  min="1e-‐2"	  name="NormalizaIon"	  scale="1"	  value="1"/>	  
•  </spectrum>	  
•  <spaIalModel	  type="ConstantValue">	  
•  <parameter	  free="0"	  max="10.0"	  min="0.0"	  name="Value"	  scale="1.0"	  value="1.0"/>	  
•  </spaIalModel>	  
•  </source>	  
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•  Write	  L	  as	  a	  funcIon	  of	  the	  source	  model	  

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

•  Bin	  size	  infinitesimally	  small	  
•  Assume	   only	   steady	   source	   for	  

standard	  analysis	  

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

•  The	   IRFs	   can	   be	   decomposed	   into	   three	  
funIons:	  EffecIve	  Area	  (proj	  area	  of	   the	  
detector	   *	   efficency),	   Energy	   Dispesion,	  
Point	  Spread	  FuncIon	  
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Astrofisica	  Nucleare	  e	  Subnucleare	  
GalacIc	  GeV	  Sources	  



Dark	  MaRer	  searches	  

Terrestrial	  γ-‐ray	  Flashes	  

Fermi	  Highlights	  and	  Discoveries	  

GRBs 

Fermi	  Bubbles	  

Novae	  

SNRs	  &	  PWN	  

Blazars	  

Radio	  Galaxies	  

LMC	  &	  SMC	  
Starburst	  Galaxies	  

γ-‐ray	  Binaries	  

Globular	  Clusters	  

Sun:	  flares	  &	  CR	  interacIons	  

Pulsars:	  isolated,	  binaries,	  &	  MSPs	  

UnidenIfied	  Sources	   e+e- spectrum 
145	  



	  84	  months	  of	  data	  
>1	  GeV.	  Pass	  8,	  from	  August	  4,	  2008	  through	  August	  4,	  2015.	  	  

LAT	  rocking	  angle	  <52°	  and	  zenith	  angle	  <100°.	  
Milky	  Way	  is	  gamma	  bright:	  	  
GeV	  and	  TeV	  cosmic	  rays	  (mostly	  protons)	  hit	  gas	  &	  dust	  to	  make	  pions,	  
	  then	  π°è γγ	  and	  π± èµ±ν è e±νν, e± è γ’s.	  	  	  
	  
Point	  sources	  in	  the	  plane	  are	  mostly	  pulsars.	  
Off	  the	  plane,	  mostly	  blazars	  (and	  some	  millisecond	  pulsars)	  

Smith	  2016	  



GalacIc	  GeV	  Sources	  



UnidenIfied	  Gamma-‐ray	  Sources	  
•  Previous	  MeV-‐GeV	  energy	  gamma-‐ray	  missions	  len	  a	  legacy	  

of	  “unidenIfied”	  sources	  (~2/3	  of	  3EG	  catalog)	  
–  UnidenIfied	  meant	  mulIple	  possible	  candidates	  OR	  no	  plausible	  

candidates	  (unassociated)	  
•  LAT	  associaIons	  greatly	  aided	  by	  

–  	  DramaIcally	  improved	  gamma-‐ray	  localizaIon	  
–  	  Dedicated	  catalogs	  of	  potenIal	  gamma-‐ray	  counterparts	  
–  	  MulIwavelength	  searches	  

•  LAT	  idenIficaIons	  from	  
–  	  Periodicity	  
–  	  SpaIal	  morphology	  
–  	  Correlated	  variability	  with	  other	  observaIons	  

Hays	  2010	  



Spectral-‐Variability	  ClassificaIon	  

•  	  Blazars	  and	  pulsars	  in	  the	  variability-‐spectral	  
curvature	  plane	   Blazars	  

Pulsars	  

Hays	  2010	  


