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Detector	  Project	  



Fermi	  LAT	  



e+	   e–	  

γ

Overview	  of	  LAT	  
•  Precision	  Si-‐strip	  Tracker	  (TKR)	  	  	  	  	  	  	  	  	  	  	  	  	  18	  XY	  

tracking	  planes.	  	  Single-‐sided	  silicon	  strip	  
detectors	  (228	  µm	  pitch)	  Measure	  the	  
photon	  direcRon;	  gamma	  ID.	  

•  Hodoscopic	  CsI	  Calorimeter(CAL)	  	  	  	  	  	  Array	  
of	  1536	  CsI(Tl)	  crystals	  in	  8	  layers.	  	  
Measure	  the	  photon	  energy;	  image	  the	  
shower.	  

•  Segmented	  AnRcoincidence	  Detector	  (ACD)	  	  
89	  plasRc	  scinRllator	  Rles.	  	  	  	  	  Reject	  
background	  of	  charged	  cosmic	  rays;	  	  
segmentaRon	  removes	  self-‐veto	  effects	  at	  
high	  energy.	  

•  Electronics	  System	  Includes	  flexible,	  robust	  
hardware	  trigger	  and	  so_ware	  filters.	  

Systems	  work	  together	  to	  iden3fy	  and	  measure	  the	  flux	  of	  cosmic	  gamma	  
rays	  with	  energy	  20	  MeV	  -‐	  	  >300	  GeV.	  

Calorimeter	  

Tracker	  

ACD	  [surrounds	  
4x4	  array	  of	  TKR	  
towers]	  



	  
3FGL	  catalog	  –	  3033	  sources	  



4FGL	  catalog	  



3	  FHL	  



q  This	  GRB	  is	  a	  perfect	  case	  for	  studying	  Lorentz	  
Invariance	  Viola3on	  
q  z	  =	  0.9	  (5.381	  Gyr)	  
q  Emission	  of	  31	  GeV	  photon	  aTer	  859	  ms	  

since	  the	  trigger	  
q  Only	  conserva3ve	  assump3on!	  

q  the	  HE	  photon	  is	  not	  emiXed	  before	  the	  
LE	  photons,	  at	  different	  events.	  

Challenge # 3 – GRB	  



9	  



10	  



GRB080916C - Multiple detector light curve 

 First 3 light curves are 
background subtracted 

 
•  The LAT can be used as a 

counter to maximize the rate 
and to study time structures 
above tens of MeV 

–  The first low-energy peak is 
not observed at LAT 
energies 

 
•  Spectroscopy needs LAT 

event selection (>100 MeV) 
–  14 events above 1 GeV 

 

8 keV – 260 keV 

260 keV – 5 MeV 

LAT raw 

LAT > 100 MeV 

LAT > 1 GeV 

T0 



•  The bulk of the emission 
of the 2nd peak is moving 
toward later times as the 
energy increases 

 
•  Clear signature of 

spectral evolution 

Multiple detector light curve 



GRB	  130427A	  



GRB	  130427A	  



Challenge	  #	  5	  –	  Spectral	  Resolu3on	  

Abdo,	  A.	  A.	  et	  al.	  2009	  



Cosmic	  Rays	  –	  Gamma-‐rays	  connecRon	  

•  Galac3c	  gamma	  rays	  trace	  cosmic-‐ray	  proton	  interac3ons	  
(cosmic-‐ray	  accelera3on	  sites	  &	  propaga3on)	  

•  Observa3ons	  of	  nearby	  galaxies	  provide	  an	  outside	  view	  
•  Primary	  targets:	  galac3c	  plane,	  starburst	  galaxies,	  LMC,	  SNR	  
•  Direct	  CR	  observa3ons	



The	  EBL	  

Abdhollai	  et	  al	  2018	  



The	  ExtragalacRc	  Background	  Light	  



Gamma-‐ray	  indirect	  emission	  

Dark	  MaXer	  Searches	  



Narrow	  Spectral	  Feature	  at	  130	  GeV	  

Bringmann et al. and Weniger showed evidence for a narrow spectral feature near 130 
GeV near the Galactic center (GC) in the LAT data.    
• Signal is particularly strong in 2 out of 5 test regions, shown above.    
• Over 4σ local significance with S/N > 30%, up to ~60% in optimized ROI. 
• Some indication of double line (111 &130 GeV).   

Bringmann+ [arXiv:1203.1312]   
Weniger  [arXiv:1203.2797] 

FracRonal	  Residual	  (i.e.,	  S/N):	  
f	  =	  s2	  /	  ns	  	  

4.26σ
f=	  0.34	  

4.36σ
f	  =	  0.41	  



Dark	  Maker	  searches	  –	  GalacRc	  Center	  

Ackermann,	  M.	  et	  al.	  2017	  



Dark	  Maker	  searches	  –	  GC	  	  

Ackermann,	  M.	  et	  al.	  2017	  



Dark	  Maker	  searches	  –	  Dwarfs	  Galaxies	  

Albert,	  A.	  et	  al.	  2017	  



How	  the	  LAT	  detects	  electrons	  
Trigger	  and	  downlink	  

Very	  versaRle	  and	  configurable	  	  
–  Triggering	  on	  ~	  all	  parRcles	  that	  

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

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

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

unfiltered	  triggers	  (LE)	  

Electron	  idenRficaRon	  
The	  challenge	  is	  idenRfying	  the	  good	  
electrons	  among	  the	  proton	  
background	  

–  RejecRon	  power	  of	  103	  –	  104	  
required	  

–  Can	  not	  separate	  electrons	  from	  
positrons	  

–  à	  Dedicated	  high	  energy	  electron	  
event	  selecRon	  

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),	  interacRons,	  propagaRon,	  diffusion	  

•  Probe	  CR	  targets	  (ISM,	  ISRF)	  
–  PropagaRon	  and	  diffusion	  
–  Strong	  connecRon	  with	  diffuse	  gamma-‐ray	  radiaRon	  

•  Probe	  possible	  nearby	  sources	  
–  limited	  electron	  lifeRme	  within	  Galaxy	  

•  Answers	  to	  long-‐standing	  quesRons	  and	  vast	  literature	  



Fermi-‐LAT	  Cosmic-‐Ray	  Electron	  Spectrum	  

A.	  A.	  Abdo	  et	  al.	  Fermi	  LAT	  CollaboraRon	  
Phys.	  Rev.	  Lek.	  102,	  181101	  (2009)	  –	  Published	  May	  04,	  2009	  

(arXiv:	  0905.0025)	  

Abdo,	  A.	  A.	  et	  al.	  2009	  



Positron	  FracRon	  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	  



The	  Quiet	  Sun	  

Abdo,	  A.	  A.	  et	  al.	  2011	  



Challenge	  #5:	  Flaring	  Sun	  

Ackermann,	  M.	  et	  al	  2012	  



Solar	  Flares	  

Ajello,	  M.	  et	  al.	  2014	  



Surprise!	  Nova	  emiqng	  in	  Gamma	  
Rays!	  

Abdo,	  A.	  A.	  et	  al.	  2010	  



Gamma	  Ray	  Novae	  



Surprise!	  The	  Fermi	  Bubbles	  	  



Fermi	  bubbles	  

LAT	  team	  analysis:	  Ackermann,	  M.	  et	  al.	  2017	  



CALET?	  



CALET?	  



CALET	  



CALET	  gamma-‐sky	  



Gamma-‐400?	  



Gamma400	  



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

DAMPE	  



DAMPE	  Gamma	  results	  



DAMPE	  Gamma	  results	  



HERD	  



ScienRfic	  Highlights	  of	  the	  LAT	  



Future Gamma-ray Experiments? 





Design	  consideraRons	  

•  Summary	  of	  interacRon	  processes	  
– RadiaRon	  Length	  
– Pair	  conversion	  and	  Compton	  scaker	  	  
– Energy	  Losses	  of	  Electrons	  and	  Positrons	  	  
– ElectromagneRc	  Shower	  PropagaRon	  	  
– MulRple	  Coulomb	  Scakering	  
– Plane	  thickness	  and	  Hit	  spacing	  



ImplicaRon	  for	  Instrument	  
Performance	  

•  Background	  rejecRon	  versus	  FOV.	  	  
•  Aeff	  versus	  PSF.	  	  
•  Sky-‐survey	  versus	  Pointed	  ObservaRons	  	  
•  PSF,	  Timing	  ResoluRon	  versus	  Power	  
Budget.	  	  

•  Energy	  ResoluRon	  versus	  Aeff	  and	  FOV.	  	  
•  Size	  versus	  Complexity	  of	  Event	  Readout,	  
Triggering	  and	  Filtering.	  	  

•  OpRmal	  Orbit.	  	  



ImplicaRon	  for	  Instrument	  
Performance	  



ImplicaRon	  for	  Instrument	  Performance	  



ImplicaRon	  for	  Instrument	  
Performance	  



Discussion	  



Discussion	  



Conclusion	  


