
Astrofisica	  Nucleare	  e	  Subnucleare	  
Radia4on	  Processes	  





















































Astrofisica	  Nucleare	  e	  Subnucleare	  
Astrofisica	  al	  GeV	  



Exercise	  #6	  

•  Find	  the	  web	  sites	  of	  AGILE	  and	  Fermi/LAT	  
•  Check	  the	  status	  of	  future	  gamma-‐ray	  detectors	  
(CALET,	  DAMPE,	  Gamma-‐400(?),	  HERD)	  
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Photon	  Interac4ons	  
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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 



HE	  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	  la4tudes,	  but	  detectable	  over	  the	  whole	  sky	  
•  >60%	  of	  EGRET	  celes4al	  gamma	  rays	  
•  It	  fundamentally	  affects	  the	  approach	  to	  the	  analysis	  

EGRET >300 MeV 



Data	  Analysis	  



EGRET	  Gamma-‐ray	  Sources	  



Challenge	  	  #	  1	  
•  Need	  simultaneous	  mul4wavelength	  data	  to	  study	  variability	  and	  emission	  

processes	  



Ac4ve	  Galac4c	  Nuclei	  

Radio 

X-ray 

Optical 



Ac4ve	  Galac4c	  Nuclei	  



Models	  of	  AGN	  Gamma-‐ray	  
Produc4on	  

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



Ac4ve	  Galac4c	  Nuclei	  

Artistic picture by 
S.Ciprini



Ac4ve	  Galac4c	  Nuclei	  

Artistic picture by 
S.Ciprini



M87	  scales…	  



M87	  scales…	  



M87	  scales…	  



AGN	  and	  the	  Extragalac4c	  Background	  Light	  (EBL)	  

Look	  for	  roll-‐offs	  in	  blazar	  spectra	  due	  to	  a`enua4on:	  
(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	  crea4on	  will	  a`enuate	  flux.	  	  	  For	  a	  flux	  of	  	  	  
γ	  -‐rays	  with	  energy,	  E,	  	  this	  cross-‐sec4on	  is	  maximized	  when	  the	  partner,	  ε,	  is	  
	  

	   	  	  
	  
For	  10	  GeV-‐	  100	  GeV	  γ	  -‐	  rays,	  this	  corresponds	  to	  a	  partner	  photon	  energy	  	  	  
in	  the	  op4cal	  -‐	  UV	  range.	  	  Density	  is	  sensi4ve	  to	  4me	  of	  galaxy	  forma4on.	  

us	  source	   Eγ	  lower	  

us	  source	   Eγ	  higher	  
Eγ



Challenge	  #	  2	  
•  Need	  more	  exposure	  and	  op4mal	  4ming	  (and	  radio	  monitoring)	  to	  discover	  

more	  gamma-‐ray	  PSRs.	  



Pulsars	  



Challenge	  #	  3	  
•  Need	  fast	  4ming	  for	  gamma-‐ray	  detec4on	  (improving	  EGRET	  dead4me,	  100	  msec	  

→	  100	  microsec	  or	  less).	  

Delayed	  Emission	  (GRB	  940217)	  

Prompt Emission  (GRB 930131)



Solar	  flares	  



Solar	  Flares	  



Challenge	  #	  4	  
•  Need	  arcminute	  posi4oning	  of	  gamma-‐ray	  sources	  (improving	  EGRET	  

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



Supernova	  Remnants	  



SNR	  



Challenge	  #	  5	  
•  Need	  improvements	  in	  Spectral	  Resolu4on	  fo	  check	  for	  DM	  signals	  



Dark	  Ma`er	  



Detector	  Project	  
• 	  	  	  Instrument	  must	  measure	  the	  direc4on,	  energy,	  and	  arrival	  4me	  of	  high	  
	  	  	  	  energy	  photons	  (from	  approximately	  20	  MeV	  to	  greater	  than	  300	  GeV):	  

	  	  	  	  	  	  -‐	  photon	  interac4ons	  with	  ma`er	  in	  GLAST	  
	  	  	  	  	  	  	  	  energy	  range	  dominated	  by	  pair	  conversion:	  
	   	  determine	  photon	  direc4on	  

	  clear	  signature	  for	  background	  rejec4on	  	  	  	  	  	  	  

γ

e+	   e–	   	   calorimeter	  	  	  
	   (energy	  measurement)	  

par4cle	  tracking	  
detectors	  

conversion	  foil	  

an4coincidence	  
shield	  

Pair-‐Conversion	  Telescope	  

Energy	  loss	  mechanisms:	  

	  	  	  	  	  	  -‐	  limita4ons	  on	  angular	  resolu4on	  (PSF)	  
	  	  	  	  	  	  	  	  	  	  	  	  low	  	  E:	  mul=ple	  sca>ering	  =>	  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	  resolu4on	  requires	  calorimeter	  
	  	  	  of	  sufficient	  depth	  to	  measure	  buildup	  
	  	  	  of	  the	  EM	  shower.	  Segmenta4on	  useful	  	  
	  	  	  for	  resolu4on	  and	  background	  rejec4on.	  



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	  
spacecraH,	  noise,	  
sensor	  responses…	  

Instrument	  naturally	  dis4nguishes	  gammas	  
from	  backgrounds,	  but	  details	  ma`er.	  



Beam	  test	  



Beam	  test	  



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

LAT	  	  
(2008-‐	  >2013)	  
1-‐yr	  simula4on	  

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

Technology	  impact	  -‐-‐	  PSF	  

Spark	  chamber	  
• 	  sense	  electrode	  spacing	  ~mm	  
• 	  sensi=ve	  layer	  depth	  ~cm	  

• 	   	  up	  to	  28	  hit	  over	  >1m	  	  
	  

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

• 	  be:er	  single	  hit	  resolu<on	  
• 	  sensi=ve	  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	  



AGILE	  



                                         AGILE 

  

  



AGILE	  instrument	  



AGILE:	  inside	  the	  cube…	  

ANTICOINCIDENCE	  

INAF-‐IASF-‐Mi	  (F.Pero_)	  

HARD	  X-‐RAY	  IMAGER	  
(SUPER-‐AGILE)	  

INAF-‐IASF-‐Rm	  (E.Costa,	  M.	  
Feroci)	  

GAMMA-‐RAY	  IMAGER	  	  

SILICON	  TRACKER	  

INFN-‐Trieste	  

(G.Barbiellini,	  M.	  Prest)	  

(MINI)	  CALORIMETER	  

INAF-‐IASF-‐Bo,	  Thales-‐Alenia	  
Space	  (LABEN)	  

(G.	  Di	  Cocco,	  C.	  Laban=)	  



The Silicon Tracker 



The AGILE TRK 



Performance 



Si	  Self	  Trigger	  and	  FoV	  

 AGILE gamma-ray sky 

 3C 454.3 

Cygnus region 



Analog readout and PSF 



Sriharikota launch base (India) 
PSLV-C8 launch, April 23, 2007 

The AGILE launch 



AGILE in orbit 



Fotoni a terra e in volo - II 

First gamma-ray 
detected in orbit 
with the nominal 
GRID trigger 
configuration    
(May 10, 2007) 



 September 28, 2007 



AGILE two lifes  

pointing- 
AGILE 

spinning-
AGILE  

time period Jul.07 – Oct.09 Nov. 2010 - 

attitude  fixed variable                 
(spinning, 1º/sec)        

sky coverage  1/5  ~ 70% 

source livetime 
fraction 

 ~ 0.5  ~ 0.2 

1-day exposure                                            
(30 degree off-axis, 
100 MeV) 

~ 2 107                      
(cm2 sec) 

(0.5-1) 107                      
(cm2 sec) 



The AGILE sky 



AGILE sources 

Pittori et al. 2009 



2nd catalog of AGILE sources 

Bulgarelli et al. 2019 



Challenge  # 1 – AGN 
 

Donnarumma  et al. 2009 

Joint campaign with MAGIC and 
VERITAS on Mkn 421 



Challenge  # 2 – Pulsar 

Pellizzoni  et al. 2009 

High Precision 
Timing (eg. 
Crab PSR) 



Challenge  # 3 – GRB  

Giuliani et al. 2008 



Challenge  # 4 – Unidentified 

Chen   et al. 2011 



Challenge	  	  #	  5	  –	  Spectral	  
resolu4on	  

Giuliani	  et	  al.	  2011	  



Key AGILE results 



Terrestrial Gamma Ray Flashes 
Marisaldi et al. 2010 



Galactic Transients: Cygnus X3 

Tavani et al. 2009 



Galactic Transients: The 
Flaring Crab 

Tavani et al. 2011 



The Flaring Crab 



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	  direc4on;	  gamma	  ID.	  

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

•  Segmented	  An4coincidence	  Detector	  (ACD)	  	  
89	  plas4c	  scin4llator	  4les.	  	  	  	  	  Reject	  
background	  of	  charged	  cosmic	  rays;	  	  
segmenta4on	  removes	  self-‐veto	  effects	  at	  
high	  energy.	  

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

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

Calorimeter	  

Tracker	  

ACD	  [surrounds	  
4x4	  array	  of	  TKR	  
towers]	  



Cable	  Plant	  
UCSC	  

Tower	  Structure	   SSD	  Procurement,	  Tes4ng	  
Japan,	  Italy,	  SLAC	  

Electronics	  

Tower	  Assembly	  and	  Test	  

Tray	  Assembly	  
and	  Test	  

SSD	  Ladder	  
Assembly	  

Composite	  Panel	  &	  Converters	  

2592	  

10,368	  

342	  

648	  

342	  
18	  



GLAST silicon tracker tray 

Silicon	  Detectors	  



Launch!	  
•  Launch	  from	  Cape	  
Canaveral	  Air	  Sta4on	  
11	  June	  2008	  at	  
12:05PM	  EDT	  

•  Circular	  orbit,	  565	  km	  
al4tude	  (96	  min	  
period),	  25.6	  deg	  
inclina4on.	  



•  Two	  instruments:	  
–  LAT:	  	  

•  high	  energy	  (20	  MeV	  –	  	  >300	  GeV)	  
–  GBM:	  	  

•  low	  energy	  (8	  keV	  –	  40	  MeV)	  
	  

•  Huge	  field	  of	  view	  
–  LAT:	  20%	  of	  the	  sky	  at	  any	  instant;	  in	  sky	  survey	  mode,	  expose	  all	  parts	  of	  

sky	  for	  ~30	  minutes	  every	  3	  hours.	  	  GBM:	  whole	  unocculted	  sky	  at	  any	  
4me.	  

•  Huge	  energy	  range,	  including	  largely	  unexplored	  
band	  10	  GeV	  -‐	  100	  GeV	  

•  Large	  leap	  in	  all	  key	  capabili4es.	  	  Great	  discovery	  
poten4al.	  

Large	  Area	  Telescope	  (LAT)	  

Gamma-‐ray	  Burst	  Monitor	  (GBM)	  

Key	  Features	  	  

Spacecrau	  Partner:	  
General	  Dynamics	  



The	  Observatory	  

GBM	  
BGO	  

Detector	  

GBM	  	  
NaI	  

Detector	  

LAT	  



Effec4ve	  Area	  	  (Aeff)	  

<	  100	  MeV	  limited	  by	  3-‐in	  a	  row	  
requirement	  	  
	  
<	  1	  GeV	  limited	  discrimina4ng	  
informa4on	  
	  
>	  100	  GeV	  self-‐veto	  from	  backsplash	  

Off-‐axis:	  more	  material,	  less	  cross	  
sec4on	  
	  
Shiu	  from	  front/back	  events	  as	  we	  go	  
off-‐axis	  

h`p://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm	  	  



Point	  Spread	  Func4on	  (P)	  

Low	  energy:	  dominated	  by	  MS	  
	  
High	  energy:	  dominated	  by	  strip	  pitch	  
	  
	  h`p://www.slac.stanford.edu/exp/glast/groups/canda/lat_Performance.htm	  	  



LAT	  first	  light	  



LAT	  discovers	  a	  radio-‐quiet	  pulsar!	  

P ~ 317 ms 
Pdot ~ 3.6E-13 
Characteristic age ~ 10,000 yrs 

Location of EGRET source 3EG J0010+7309,  
the Fermi-LAT source, and the central X-ray  
source RX J0007.0+7303 
Published	  in	  Science	  Express	  October	  16,	  2008 



Fermi	  Gamma-‐ray	  Space	  Telescope	  

GLAST	  renamed	  Fermi	  by	  NASA	  on	  
August	  26,	  2008	  
	  
h`p://fermi.gsfc.nasa.gov/ 

“	  Enrico	  Fermi	  (1901-‐1954)	  was	  an	  Italian	  
physicist	  who	  immigrated	  to	  the	  United	  States.	  
He	  was	  the	  first	  to	  suggest	  a	  viable	  mechanism	  
for	  astrophysical	  par4cle	  accelera4on.	  This	  
work	  is	  the	  founda4on	  for	  our	  understanding	  
of	  many	  types	  of	  sources	  to	  be	  studied	  by	  
NASA’s	  Fermi	  Gamma-‐ray	  Space	  Telescope,	  
formerly	  known	  as	  GLAST.	  ”	  



Fermi	  LAT	  3	  months	  sky	  



PKS	  1502-‐106	  and	  3C454.3	  

•  The	  sky	  is	  dynamic,	  Fermi	  is	  
monitoring	  the	  sky,	  catching	  
flaring	  sources	  over	  different	  =me	  
scales.	  

•  Atel	  #1628	  (3C454.3)	  and	  #1650	  
(PKS	  1502-‐106)	  issued	  to	  
announce	  these	  flares.	  



Fermi	  1	  yr	  sky	  



Fermi	  Year	  One	  Catalog	  

•  About	  250	  sources	  show	  evidence	  of	  variability	  
•  Half	  the	  sources	  are	  associated	  posi4onally,	  mostly	  blazars	  and	  PSRs	  
•  Other	  classes	  of	  sources	  exist	  in	  small	  numbers	  (XRB,	  PWN,	  SNR,	  starbursts,	  

globular	  clusters,	  radio	  galaxies,	  narrow-‐line	  Seyferts)	  
•  Uncertain4es	  due	  to	  the	  diffuse	  model,	  par4cularly	  in	  the	  Galac4c	  ridge	  	  

h`p://fermi.gsfc.nasa.gov/ssc/data/access/lat/1yr_catalog/	  

More than 1000 
sources in year 
one catalog !	  



2	  year	  sky	  



1,873	  sources	  

based	  on	  integrated	  exposure	  (100	  
MeV	  to	  100	  GeV)	  from	  August	  4,	  
2008,	  to	  July	  31,	  2010.	  	  	  TS	  >	  25	  

108	  Workshop on Recent Developments in Astronuclear and 
Astroparticle Physics Trieste, 19-23 November 2012 



4	  years	  sky	  



	  
3FGL	  catalog	  –	  3033	  sources	  



4FGL	  catalog	  

The	  LAT	  collabora4on,	  in	  prep.	  



1	  FHL	  (3	  years,	  Pass7,	  E>10	  GeV)	  



2FHL	  (P8	  data	  >50	  GeV)	  –	  80	  months	  



3FHL	  (E>10	  GeV	  –	  P8)	  



3	  FHL	  



Challenge	  #	  1	  –	  AGN	  

Aharonian	  et	  al.	  2009	  

Joint campaign on PKS 2155 with HESS 



Pulses	  at	  
1/10th	  true	  rate	  

Challenge	  #	  2	  –	  Pulsars	  Blind	  Search	  

Abdo	  et	  al..2010	  



The	  first	  blind	  ms	  Pulsar	  



New	  MSP	  and	  GW	  detec4on	  



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

since	  the	  trigger	  
q  Only	  conserva=ve	  assump=on!	  

q  the	  HE	  photon	  is	  not	  emi>ed	  before	  the	  
LE	  photons,	  at	  different	  events.	  

Challenge # 3 – GRB	  



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	  



125	  

Challenge	  #	  4	  –	  Uniden4fied	  

Abdo	  et	  al.	  2008	  

CTA 1 Discovery	  



Challenge	  #	  4	  
Loca=on	  of	  Gamma-‐ray	  emission	  

Abdo,	  A.	  A.	  et	  al.	  2010	  



Challenge	  #	  4	  
Loca=on	  of	  Gamma-‐ray	  emission	  

Abdo,	  A.	  A.	  et	  al.	  2010	  



Challenge	  #	  5	  –	  Spectral	  Resolu=on	  

Abdo,	  A.	  A.	  et	  al.	  2009	  



Cosmic	  Rays	  –	  Gamma-‐rays	  connec4on	  

•  Galac=c	  gamma	  rays	  trace	  cosmic-‐ray	  proton	  interac=ons	  
(cosmic-‐ray	  accelera=on	  sites	  &	  propaga=on)	  

•  Observa=ons	  of	  nearby	  galaxies	  provide	  an	  outside	  view	  
•  Primary	  targets:	  galac=c	  plane,	  starburst	  galaxies,	  LMC,	  SNR	  
•  Direct	  CR	  observa=ons	



Supernova	  Remnants	  
Ackermann	  et	  al.	  2013	  



Science	  Perspec4ves	  

Abdhollai	  et	  al	  2018	  



The	  Extragalac4c	  Background	  Light	  



Gamma-‐ray	  indirect	  emission	  

Dark	  Ma>er	  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] 

Frac4onal	  Residual	  (i.e.,	  S/N):	  
f	  =	  s2	  /	  ns	  	  

4.26σ
f=	  0.34	  

4.36σ
f	  =	  0.41	  



Dark	  Ma`er	  searches	  –	  Galac4c	  Center	  

Ackermann,	  M.	  et	  al.	  2017	  



Dark	  Ma`er	  searches	  –	  GC	  	  

Ackermann,	  M.	  et	  al.	  2017	  



Dark	  Ma`er	  searches	  –	  Dwarfs	  Galaxies	  

Albert,	  A.	  et	  al.	  2017	  



How	  the	  LAT	  detects	  electrons	  
Trigger	  and	  downlink	  

Very	  versa4le	  and	  configurable	  	  
–  Triggering	  on	  ~	  all	  par4cles	  that	  

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

On	  board	  filtering	  to	  fit	  bandwidth	  
–  Remove	  many	  charged	  par4cles	  
–  Keeps	  all	  events	  with	  more	  than	  20	  

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

unfiltered	  triggers	  (LE)	  

Electron	  iden4fica4on	  
The	  challenge	  is	  iden4fying	  the	  good	  
electrons	  among	  the	  proton	  
background	  

–  Rejec4on	  power	  of	  103	  –	  104	  
required	  

–  Can	  not	  separate	  electrons	  from	  
positrons	  

–  à	  Dedicated	  high	  energy	  electron	  
event	  selec4on	  

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),	  interac4ons,	  propaga4on,	  diffusion	  

•  Probe	  CR	  targets	  (ISM,	  ISRF)	  
–  Propaga4on	  and	  diffusion	  
–  Strong	  connec4on	  with	  diffuse	  gamma-‐ray	  radia4on	  

•  Probe	  possible	  nearby	  sources	  
–  limited	  electron	  life4me	  within	  Galaxy	  

•  Answers	  to	  long-‐standing	  ques4ons	  and	  vast	  literature	  



Fermi-‐LAT	  Cosmic-‐Ray	  Electron	  Spectrum	  

A.	  A.	  Abdo	  et	  al.	  Fermi	  LAT	  Collabora4on	  
Phys.	  Rev.	  Le`.	  102,	  181101	  (2009)	  –	  Published	  May	  04,	  2009	  

(arXiv:	  0905.0025)	  
Abdo,	  A.	  A.	  et	  al.	  2009	  



Positron	  Frac4on	  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	  emi�ng	  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	  scin4llators	  (charge	  measurement)	  
Si	  tracker	  (5	  layers)	  
BGO	  calorimeter	  
Neutron	  detector	  

DAMPE	  



DAMPE	  Gamma	  results	  



DAMPE	  Gamma	  results	  



HERD	  


