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Many	
  studies	
  
Goodenough	
  &	
  Hooper	
  2009,	
  Vitale+	
  (Fermi	
  coll.)	
  2009,	
  Hooper	
  &	
  Goodenough	
  
2011,	
  Hooper	
  &	
  Linden	
  2011,	
  Boyarsky+	
  2011	
  (no	
  signal),	
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  &	
  Kaplinghat	
  
2012,	
  Hooper	
  &	
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  2013,	
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  2015,	
  Carlson+	
  2015,	
  Ajello+	
  (Fermi	
  coll.)	
  2015,	
  Yang	
  &	
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  2016,	
  
Carlson+	
  2016,	
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Wavelet	
  Transform:	
  
González-­‐Nuevo+	
  2006	
  

FW [C](⌦) ⌘
Z

d⌦0 W(⌦� ⌦0)C(⌦0)

Wavelet	
  Kernel	
   Count	
  map	
  
(1-­‐4	
  GeV)	
  

Z
d⌦W(⌦) = 0

with:	
  

We	
  opYmize	
  the	
  wavelet	
  scale	
  to	
  detect	
  
Fermi	
  point	
  sources	
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Wavelet	
  Transform:	
  
González-­‐Nuevo+	
  2006	
  

FW [C](⌦) ⌘
Z

d⌦0 W(⌦� ⌦0)C(⌦0)

Wavelet	
  Kernel	
   Count	
  map	
  
(1-­‐4	
  GeV)	
  

Signal-­‐to-­‐noise	
  Ra9o:	
  

Z
d⌦W(⌦) = 0

with:	
  

S(⌦) ⌘ FW [C](⌦)p
FW2 [C](⌦)

We	
  consider:	
  

•  On	
  smooth	
  datasets	
  with	
  enough	
  photons:	
  
Gaussian	
  random	
  field	
  	
  

We	
  opYmize	
  the	
  wavelet	
  scale	
  to	
  detect	
  
Fermi	
  point	
  sources	
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Contribu9ons	
  to	
  Wavelet	
  Peaks:	
  
•  Point	
  sources	
  
•  IrregulariYes	
  in	
  the	
  diffuse	
  emission	
  
•  StaYsYcal	
  Noise:	
  	
  	
  

González-­‐Nuevo+	
  2006	
  

S(⌦) ⌘ FW [C](⌦)p
FW2 [C](⌦). 3�
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•  Fermi	
  Diffuse	
  &	
  Isotropic	
  Model	
  +	
  staYsYcal	
  noise	
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•  Fermi	
  Diffuse	
  &	
  Isotropic	
  Model	
  +	
  staYsYcal	
  noise	
  
•  Add	
  MSP-­‐like	
  point	
  sources	
  

–  Vary:	
   	
   	
  	
  	
  and	
  	
  	
  
	
  
MSPs	
  and	
  the	
  GeV	
  excess?	
  See:	
  	
  
[e.g.	
  Abazijan	
  2011,	
  Gordon	
  &	
  Macias	
  2013,	
  Hooper+	
  2013,	
  	
  
Yuan	
  and	
  Zhang	
  2014,	
  Cholis+	
  2014,	
  Calore+	
  2014,	
  	
  
Petrovic+	
  2015]	
  

	
  

•  Luminosity	
  funcYon: 	
   	
   	
  	
  	
  	
  	
  hard	
  cutoff	
  

•  SpaYal	
  DistribuYon: 	
  Radial	
  Power	
  law	
  with	
  
	
  	
  

dN

dL
/ L�1.5 L

max

� = �2.5

Nmsp L
max

= 1034–1036 erg s�1
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Black	
  à	
  data	
  
Blue	
  à	
  Diffuse	
  only	
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NO	
  clustering	
  of	
  photons	
  outside	
  the	
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•  We	
  want	
  to	
  have	
  a	
  higher	
  resoluYon	
  gas	
  map	
  
•  Tracers	
  e.g.:	
  
– CO	
  
– Dust,	
  Schlegel,	
  Finkbeiner	
  &	
  Davis	
  (1998)	
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•  We	
  apply	
  a	
  novel	
  technique	
  on	
  γ-­‐ray	
  data	
  to	
  look	
  for	
  sub-­‐threshold	
  
point	
  sources	
  

•  We	
  detect	
  at 	
   	
  	
  	
  	
  	
  	
  a	
  clustering	
  of	
  photons	
  in	
  the	
  inner	
  galaxy,	
  as	
  
predicted	
  for	
  sub-­‐threshold	
  MSPs	
  

•  For	
  plausible	
  luminosity	
  funcYons	
  MSPs	
  can	
  account	
  for	
  100%	
  of	
  the	
  
GeV	
  excess	
  

	
  
•  Other	
  sources	
  (compact	
  or	
  gas)	
  unlikely	
  

•  But:	
  X-­‐ray	
  and	
  radio	
  follow	
  ups	
  required	
  
–  Good	
  prospects!	
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