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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 



Scien:fic	  Highlights	  of	  the	  LAT	  



Where to find data?  
h@ps://fermi.gsfc.nasa.gov/ssc/	  



GRB	  221009A	  
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GRB	  221009A	  

7	  h@ps://arxiv.org/abs/2303.14172	  



GRB	  221009A	  

8	  h@ps://arxiv.org/pdf/2303.16223	  



GRB	  221009A	  

9	  h@ps://fermi.gsfc.nasa.gov/ssc/data/analysis/grb221009a.html	  



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?)	  

	  



How	  the	  LAT	  detects	  electrons	  
Trigger	  and	  downlink	  

Very	  versa:le	  and	  configurable	  	  
–  Triggering	  on	  ~	  all	  par:cles	  that	  

cross	  the	  LAT	  
•  Including	  electrons	  (8M/yr)	  

On	  board	  filtering	  to	  fit	  bandwidth	  
–  Remove	  many	  charged	  par:cles	  
–  Keeps	  all	  events	  with	  more	  than	  20	  

GeV	  in	  the	  CAL	  (HE)	  
–  Prescaled	  (1:250)	  sample	  of	  

unfiltered	  triggers	  (LE)	  

Electron	  iden:fica:on	  
The	  challenge	  is	  iden:fying	  the	  good	  
electrons	  among	  the	  proton	  
background	  

–  Rejec:on	  power	  of	  103	  –	  104	  
required	  

–  Can	  not	  separate	  electrons	  from	  
positrons	  

–  à	  Dedicated	  high	  energy	  electron	  
event	  selec:on	  

ACD identifies 
charged 
particles 

Incoming Electron 

Main track 
pointing to the 
hit ACD tile 

Same tracking 
and energy 
reconstruction 
algorithms used 
for γ-rays 



Importance	  of	  a	  direct	  CRE	  
measurement	  

•  Probe	  CR	  models	  	  
–  Sources	  (including	  DM),	  interac:ons,	  propaga:on,	  diffusion	  

•  Probe	  CR	  targets	  (ISM,	  ISRF)	  
–  Propaga:on	  and	  diffusion	  
–  Strong	  connec:on	  with	  diffuse	  gamma-‐ray	  radia:on	  

•  Probe	  possible	  nearby	  sources	  
–  limited	  electron	  life:me	  within	  Galaxy	  

•  Answers	  to	  long-‐standing	  ques:ons	  and	  vast	  literature	  



Fermi-‐LAT	  Cosmic-‐Ray	  Electron	  Spectrum	  

A.	  A.	  Abdo	  et	  al.	  Fermi	  LAT	  Collabora:on	  
Phys.	  Rev.	  Le@.	  102,	  181101	  (2009)	  –	  Published	  May	  04,	  2009	  

(arXiv:	  0905.0025)	  

Abdo,	  A.	  A.	  et	  al.	  2009	  



Positron	  Frac:on	  Measurements	  

• PAMELA and Fermi-LAT observe a rise in local e+ fraction above ~10 GeV 
• This disagrees with conventional models (e.g., GALPROP) for cosmic rays 
(secondary e+ production only) 
• No similar rise is seen in anti-proton fraction 
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Ackermann,	  M.	  et	  al.	  2012	  



Future Gamma-ray Experiments? 





Design	  considera:ons	  

•  Summary	  of	  interac:on	  processes	  
– Radia:on	  Length	  
– Pair	  conversion	  and	  Compton	  sca@er	  	  
– Energy	  Losses	  of	  Electrons	  and	  Positrons	  	  
– Electromagne:c	  Shower	  Propaga:on	  	  
– Mul:ple	  Coulomb	  Sca@ering	  
– Plane	  thickness	  and	  Hit	  spacing	  



Implica:on	  for	  Instrument	  
Performance	  

•  Background	  rejec:on	  versus	  FOV.	  	  
•  Aeff	  versus	  PSF.	  	  
•  Sky-‐survey	  versus	  Pointed	  Observa:ons	  	  
•  PSF,	  Timing	  Resolu:on	  versus	  Power	  
Budget.	  	  

•  Energy	  Resolu:on	  versus	  Aeff	  and	  FOV.	  	  
•  Size	  versus	  Complexity	  of	  Event	  Readout,	  
Triggering	  and	  Filtering.	  	  

•  Op:mal	  Orbit.	  	  



Implica:on	  for	  Instrument	  
Performance	  



Implica:on	  for	  Instrument	  Performance	  



Implica:on	  for	  Instrument	  
Performance	  



Discussion	  



Discussion	  



Conclusion	  



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?)	  

	  



CALET?	  



CALET?	  



CALET	  



CALET	  gamma-‐sky	  



CALET	  

30	  

h@ps://heasarc.gsfc.nasa.gov/docs/calet/calet.html	  



CALET	  

31	  h@ps://calet.phys.lsu.edu//	  



CALET	  

32	  

h@ps://galileo.dsja.unisi.it/	  



Gamma-‐400?	  



Gamma400	  



Gamma	  400	  

35	  h@ps://gamma400.lebedev.ru/indexeng.html	  



The	  detector	  is	  consisted	  of	  4	  parts:	  
Top	  scin:llators	  (charge	  measurement)	  
Si	  tracker	  (5	  layers)	  
BGO	  calorimeter	  (31	  X0)	  	  
Neutron	  detector	  

DAMPE	  



DAMPE	  Gamma	  results	  



DAMPE	  Gamma	  results	  



DAMPE	  

39	  h@ps://dpnc.unige.ch/dampe/	  



HERD	  



HERD	  

41	  
h@p://herd.pg.infn.it/	  


