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Astrofisica	
  Nucleare	
  e	
  Subnucleare	
  
GeV	
  Astrophysics	
  



Exercise	
  on	
  GeV	
  gamma-­‐rays	
  

•  Find	
  the	
  web	
  sites	
  of	
  AGILE	
  and	
  Fermi/LAT	
  
•  Check	
  the	
  status	
  of	
  “new”	
  gamma-­‐ray	
  detectors	
  
(CALET,	
  DAMPE,	
  Gamma-­‐400,	
  HERD,	
  other?)	
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Photon	
  Interac\ons	
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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 



GeV	
  Gamma-­‐ray	
  Astrophysics	
  
The	
  EGRET	
  legacy	
  



EGRET 

EGRET 
- 1991-2000 
-  30 MeV - 30 GeV 
-  AGN, GRB, Unidentified Sources, Diffuse Bkg  



The HE sky from EGRET 



Analysis	
  Topics	
  

•  First	
  a	
  word	
  about	
  interstellar	
  gamma-­‐ray	
  emission:	
  	
  	
  
•  Brightest	
  at	
  low	
  la\tudes,	
  but	
  detectable	
  over	
  the	
  whole	
  sky	
  
•  >60%	
  of	
  EGRET	
  celes\al	
  gamma	
  rays	
  
•  It	
  fundamentally	
  affects	
  the	
  approach	
  to	
  the	
  analysis	
  

EGRET >300 MeV 



Data	
  Analysis	
  



Analysis	
  Topics:	
  	
  Source	
  detec\on	
  
•  Source	
  detec\on	
  means	
  at	
  least	
  2	
  things:	
  	
  	
  

–  Recognizing	
  that	
  you’ve	
  detected	
  a	
  point	
  source	
  that	
  you	
  
didn’t	
  know	
  about	
  (and	
  defining	
  its	
  sta\s\cal	
  significance	
  
and	
  loca\on	
  on	
  the	
  sky)	
  

–  Determining	
  the	
  significance	
  of	
  the	
  detec\on	
  of	
  (or	
  
measuring	
  an	
  upper	
  limit	
  for)	
  an	
  already-­‐known	
  source	
  

	
  

Sowards-­‐Emmerd,	
  Romani,	
  &	
  Michelson	
  (2003,	
  ApJ,	
  590,	
  109)	
  

Source location contours 
for two 3EG sources 
(Hartman et al. 1999).  
Potential (additional) 
counterparts, unresolved 
by EGRET, are indicated 



Analysis	
  Topics:	
  	
  Spectral	
  analysis	
  

Hartman	
  et	
  al.	
  1993	
  (ApJ,	
  407,L41),	
  	
  

•  Well,	
  this	
  means	
  measuring	
  spectra	
  
–  Mostly	
  power	
  laws	
  resul\ng	
  from	
  

shock	
  accelera\on,	
  which	
  is	
  scale	
  
free	
  

–  Spectral	
  breaks	
  occur	
  for	
  physics	
  
reasons	
  and	
  measuring	
  them	
  is	
  
diagnos\c	
  of	
  the	
  sources.	
  

•  For	
  EGRET,	
  the	
  analysis	
  of	
  source	
  
spectra	
  was	
  a	
  2-­‐step	
  process	
  
–  Fluxes	
  were	
  derived	
  for	
  fairly	
  

broad	
  ranges	
  of	
  energy	
  
independently	
  

–  Then	
  a	
  spectral	
  model	
  was	
  fit	
  
•  The	
  complica\on	
  was	
  that	
  the	
  

exposure	
  for	
  a	
  broad	
  energy	
  range	
  
depends	
  on	
  the	
  source	
  spectrum,	
  so	
  
the	
  fijng	
  process	
  was	
  itera\ve.	
  





EGRET	
  Gamma-­‐ray	
  Sources	
  



Challenge	
  	
  #	
  1	
  
•  Need	
  simultaneous	
  mul\wavelength	
  data	
  to	
  study	
  variability	
  and	
  emission	
  

processes	
  



Ac\ve	
  Galac\c	
  Nuclei	
  

Radio 

X-ray 

Optical 



Ac\ve	
  Galac\c	
  Nuclei	
  



Models	
  of	
  AGN	
  Gamma-­‐ray	
  
Produc\on	
  

(credit:J. Buckley) 
(from Sikora, Begelman, and Rees (1994)) 



Ac\ve	
  Galac\c	
  Nuclei	
  

Artistic picture by 
S.Ciprini



Ac\ve	
  Galac\c	
  Nuclei	
  

Artistic picture by 
S.Ciprini



M87	
  scales…	
  



M87	
  scales…	
  



M87	
  scales…	
  



AGN	
  and	
  the	
  Extragalac\c	
  Background	
  Light	
  (EBL)	
  

Look	
  for	
  roll-­‐offs	
  in	
  blazar	
  spectra	
  due	
  to	
  a5enua\on:	
  
(Stecker,	
  De	
  Jager	
  &	
  Salamon;	
  Madau	
  &	
  Phinney;	
  Macminn	
  &	
  Primack)	
  

	
  the	
  start:	
  A.I.	
  Nikishov,	
  Sov.	
  Phys.	
  JETP	
  14	
  (1962)	
  393.	
  
If	
  γγ	
  c.m.	
  energy	
  >	
  2me,	
  pair	
  crea\on	
  will	
  a5enuate	
  flux.	
  	
  	
  For	
  a	
  flux	
  of	
  	
  	
  
γ	
  -­‐rays	
  with	
  energy,	
  E,	
  	
  this	
  cross-­‐sec\on	
  is	
  maximized	
  when	
  the	
  partner,	
  ε,	
  is	
  
	
  

	
   	
  	
  
	
  
For	
  10	
  GeV-­‐	
  100	
  GeV	
  γ	
  -­‐	
  rays,	
  this	
  corresponds	
  to	
  a	
  partner	
  photon	
  energy	
  	
  	
  
in	
  the	
  op\cal	
  -­‐	
  UV	
  range.	
  	
  Density	
  is	
  sensi\ve	
  to	
  \me	
  of	
  galaxy	
  forma\on.	
  

us	
  source	
   Eγ	
  lower	
  

us	
  source	
   Eγ	
  higher	
  
Eγ



• 	
  Important	
  advances	
  offered	
  by	
  Fermi:	
  

(1)	
  thousands	
  of	
  blazars	
  -­‐	
  instead	
  of	
  peculiari\es	
  of	
  individual	
  sources,	
  look	
  for	
  
systema\c	
  effects	
  vs	
  redshiq.	
  

(2)	
  	
  key	
  energy	
  range	
  for	
  cosmological	
  distances	
  (TeV-­‐IR	
  a5enua\on	
  more	
  local	
  due	
  to	
  
opacity).	
  

• 	
  Effect	
  is	
  model-­‐dependent (this is good):	
  

Primack	
  &	
  	
  
Bullock	
  	
  

Salamon	
  &	
  Stecker	
  

No	
  EBL	
  

AGN	
  and	
  EBL	
  

• 	
  	
  How	
  many	
  blazars	
  have	
  intrinsic	
  roll-­‐offs	
  
in	
  this	
  energy	
  range	
  (10-­‐100	
  GeV)?	
  	
  (An	
  
important	
  ques\on	
  by	
  itself	
  for	
  GLAST!)	
  

• 	
  	
  What	
  if	
  there	
  is	
  conspiratorial	
  evolu\on	
  in	
  
the	
  intrinsic	
  roll-­‐of	
  vs	
  redshiq?	
  	
  More	
  
difficult,	
  however	
  there	
  may	
  also	
  be	
  
independent	
  constraints	
  (e.g.,	
  direct	
  
observa\on	
  of	
  integrated	
  EBL).	
  

• 	
  	
  Must	
  measure	
  the	
  redshiqs	
  for	
  a	
  large	
  
sample	
  of	
  these	
  blazars!	
  

Caveats 



Challenge	
  #	
  2	
  

•  Need	
  more	
  exposure	
  and	
  op\mal	
  \ming	
  (and	
  radio	
  monitoring)	
  to	
  discover	
  
more	
  gamma-­‐ray	
  PSRs.	
  



Pulsars	
  



Challenge	
  #	
  3	
  

•  Need	
  fast	
  \ming	
  for	
  gamma-­‐ray	
  detec\on	
  (improving	
  EGRET	
  dead\me,	
  100	
  msec	
  
→	
  100	
  microsec	
  or	
  less).	
  

Delayed	
  Emission	
  (GRB	
  940217)	
  

Prompt Emission  (GRB 930131)



Solar	
  flares	
  



Solar	
  Flares	
  



Challenge	
  #	
  4	
  
•  Need	
  arcminute	
  posi\oning	
  of	
  gamma-­‐ray	
  sources	
  (improving	
  EGRET	
  

error	
  box	
  radii	
  by	
  a	
  factor	
  of	
  2-­‐10).	
  



Supernova	
  Remnants	
  



SNR	
  



Challenge	
  #	
  5	
  
•  Need	
  improvements	
  in	
  Spectral	
  Resolu\on	
  fo	
  check	
  for	
  DM	
  signals	
  



Dark	
  Ma5er	
  



Par\cle	
  Dark	
  Ma5er	
  
Some important models in particle physics could also solve the dark matter problem in 
astrophysics.  If correct, these new particle interactions could produce an anomalous flux of 
gamma rays (“indirect detection”). 

f

f
anomalous continuum 
or γγ or Zγ “lines”?

X

X

Just an example of what might be waiting for us to find!

 
 
  

QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.

•  	
  Key	
  interplay	
  of	
  techniques	
  (see	
  Baltz	
  et	
  al.,	
  astro/ph-­‐0602187):	
  
–  colliders	
  (TeVatron,	
  LHC,	
  ILC)	
  
–  direct	
  detec\on	
  experiments	
  
–  indirect	
  detec\on	
  (best	
  shot:	
  gamma	
  rays)	
  

•  GLAST	
  full	
  sky	
  coverage	
  look	
  for	
  clumping	
  throughout	
  galac\c	
  halo,	
  including	
  off	
  
the	
  galac\c	
  plane	
  (if	
  found,	
  point	
  the	
  way	
  for	
  ground-­‐based	
  facili\es)	
  

•  Intensity	
  highly	
  model-­‐dependent	
  
•  Challenge	
  is	
  to	
  separate	
  signals	
  from	
  astrophysical	
  backgrounds	
  



Dark	
  Ma5er	
  Searches	
  
§  WIMP	
  

annihila\on	
  in	
  
galac\c	
  centre	
  
or	
  galac\c	
  halos	
  

§  Extragalac\c	
  
WIMP	
  
annihila\on	
  relic	
  

§  SUSY	
  dark	
  
ma5er	
  

§  Kaluza	
  Klein	
  
dark	
  ma5er	
  

Elsasser Manheimm astro/ph-0405235 

Ø  this science require large sensitivity on a broad energy range, localization power, energy resolution, time 
resolution for variability search … key elements for the whole GLAST physics program  

Hunter et al (1997) 
Morselli et al astro/ph-0305075 
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  Project	
  



Detector	
  Project	
  
• 	
  	
  	
  Instrument	
  must	
  measure	
  the	
  direc\on,	
  energy,	
  and	
  arrival	
  \me	
  of	
  high	
  
	
  	
  	
  	
  energy	
  photons	
  (from	
  approximately	
  20	
  MeV	
  to	
  greater	
  than	
  300	
  GeV):	
  

	
  	
  	
  	
  	
  	
  -­‐	
  photon	
  interac\ons	
  with	
  ma5er	
  in	
  GLAST	
  
	
  	
  	
  	
  	
  	
  	
  	
  energy	
  range	
  dominated	
  by	
  pair	
  conversion:	
  
	
   	
  determine	
  photon	
  direc\on	
  

	
  clear	
  signature	
  for	
  background	
  rejec\on	
  	
  	
  	
  	
  	
  	
  

γ

e+	
   e–	
   	
   calorimeter	
  	
  	
  
	
   (energy	
  measurement)	
  

par\cle	
  tracking	
  
detectors	
  

conversion	
  foil	
  

an\coincidence	
  
shield	
  

Pair-­‐Conversion	
  Telescope	
  

Energy	
  loss	
  mechanisms:	
  

	
  	
  	
  	
  	
  	
  -­‐	
  limita\ons	
  on	
  angular	
  resolu\on	
  (PSF)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  low	
  	
  E:	
  mulBple	
  scaCering	
  =>	
  many	
  thin	
  layers	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  high	
  E:	
  hit	
  precision	
  &	
  lever	
  arm	
  

•	
  	
  must	
  detect	
  γ-­‐rays	
  with	
  high	
  efficiency	
  	
  
	
  	
  	
  and	
  reject	
  the	
  much	
  larger	
  (~104:1)	
  flux	
  
	
  	
  	
  of	
  background	
  cosmic-­‐rays,	
  etc.;	
  

•	
  	
  energy	
  resolu\on	
  requires	
  calorimeter	
  
	
  	
  	
  of	
  sufficient	
  depth	
  to	
  measure	
  buildup	
  
	
  	
  	
  of	
  the	
  EM	
  shower.	
  Segmenta\on	
  useful	
  	
  
	
  	
  	
  for	
  resolu\on	
  and	
  background	
  rejec\on.	
  



Detector	
  Project	
  

The LAT design is based on detailed 
Monte Carlo simulations.
Integral part of the project from the 
start.

Ø  Background rejection
Ø  Calculate effective area and 
resolutions (computer models now 
verified by beam tests).  Current 
reconstruction algorithms are 
existence proofs -- many further 
improvements under development.
Ø  Trigger design.
Ø  Overall design optimization.

Simulations and analyses are all C++, 
based on standard HEP packages.

proton	
  

gamma	
  ray	
  

Detailed	
  detector	
  
model	
  includes	
  
gaps,	
  support	
  
material,	
  thermal	
  
blanket,	
  simple	
  
spacecraK,	
  noise,	
  
sensor	
  responses…	
  

Instrument	
  naturally	
  dis\nguishes	
  gammas	
  
from	
  backgrounds,	
  but	
  details	
  ma5er.	
  



Beam	
  test	
  



Beam	
  test	
  



AGILE	
  calibra\on	
  



AGILE	
  calibra\on	
  



EGRET	
  	
  
(1991-­‐2000)	
  
Phases	
  1-­‐5	
  

LAT	
  	
  
(2008-­‐	
  >2013)	
  
1-­‐yr	
  simula\on	
  

Cygnus	
  region	
  (150	
  x	
  150),	
  Eγ	
  >	
  1	
  GeV	
  

Technology	
  impact	
  -­‐-­‐	
  PSF	
  

Spark	
  chamber	
  
• 	
  sense	
  electrode	
  spacing	
  ~mm	
  
• 	
  sensiBve	
  layer	
  depth	
  ~cm	
  

• 	
   	
  up	
  to	
  28	
  hit	
  over	
  >1m	
  	
  
	
  

Si-­‐strip	
  detectors	
  
• 	
  sense	
  electrode	
  spacing	
  ~0.2mm	
  

• 	
  be:er	
  single	
  hit	
  resolu<on	
  
• 	
  sensiBve	
  layer	
  depth	
  ~0.4mm	
  	
  

• 	
  up	
  to	
  36	
  hit	
  over	
  0.8m	
  
• 	
  converter	
  proximity	
  to	
  minimize	
  
MCS	
  	
  



Technology	
  impact	
  -­‐	
  FoV	
  

	
  AGILE	
  gamma-­‐ray	
  sky	
  

	
  3C	
  454.3	
  

Cygnus	
  region	
  



Aqer	
  a	
  long	
  story	
  ...	
  


