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Cosmic	  rays:	  interstellar	  gamma-‐ray	  
and	  radio	  emission	  from	  our	  Galaxy	  



Cosmic Rays: Indirect measurements �
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InjecDon	  
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Injected	  spectrum	  (unknown,	  modeled)	  
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Cosmic-ray spectrum�
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Injected	  spectrum	  (unknown,	  modeled)	  -‐>	  propagated	  spectrum,	  interstellar	  spectrum	  
(known	  indirectly)	  

E.	  Orlando	   6	  

Cosmic-ray spectrum	  



InjecDon	  
Energy-‐dependent	  	  
diffusion	  

Energy	  losses	  

SciNeGHE,	  22	  June	  2012	  

Injected	  spectrum	  (unknown,	  modeled)	  -‐>	  propagated	  spectrum,	  interstellar	  spectrum	  
(known	  indirectly)	  
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Energy-‐dependent	  	  
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Energy	  losses	  

Injected	  spectrum	  (unknown,	  modeled)	  -‐>	  propagated	  spectrum,	  interstellar	  spectrum	  
(known	  indirectly)	  
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Cosmic-ray spectrum	  



InjecDon	  
Energy-‐dependent	  	  
diffusion	  

Solar	  modulaDon	  -‐	  
measured	  

SciNeGHE,	  22	  June	  2012	  

Energy	  losses	  

Diffusive-‐
reacceleraDon	  

Injected	  spectrum	  (unknown,	  modeled)	  -‐>	  propagated	  spectrum,	  interstellar	  spectrum	  
(known	  indirectly)	  -‐>	  modulated	  spectrum	  (directly	  measured)	  	  	  
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Cosmic-ray spectrum	  
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Modeling diffuse emissions with GALPROP�

THE TEAM: �
I. Moskalenko and A. Strong (original creators), �
S. Digel, G. Johannesson, T. Porter, A. Vladimirov and me  �

	  hdp://galprop.stanford.edu	  

Recipe:	  

Solve transport equation (energy losses, diffusion, acceleration, 
convection, fragmentation, radioactive decay ) for all CR species �

e-‐	  e+	  	  

p	   GAS	  

SciNeGHE,	  22	  June	  2012	  

Goal	  :	  use	  all	  types	  of	  data	  in	  self-‐consistent	  way	  
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Review: Diffuse γ rays with Fermi/LAT �

Model based on 
local cosmic-ray 

spectra agrees with 
Fermi ! �

Protons�

Electrons�

Abdo et al. PhRevLett.103.251101 �
IC	  

bremsstrahlung	  

π0	  
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Intermediate	  laDtude	  
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Ackermann et al, ApJ 726, 81 (2011)� Ackermann et al, ApJ 726, 81 (2011)�

Emissivity distribution in outer Galaxy �

Models under-predict gamma rays in outer Galaxy ! �

Varying	  halo	  size	   Varying	  CR	  source	  distribuDon	  

Other possibilities: �
missing gas, non uniform diffusion coefficient and propagation parameters or sources �
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Review: Diffuse γ rays with Fermi/LAT �

See	  next	  talk	  by	  Luigi	  Tibaldo	  



Studying	  SystemaTcs	  Using	  GALPROP	  
128	  MODELS:	  in	  agreement	  with	  CR	  data,	  varying	  CR	  source	  distribuDon,	  CR	  halo	  size,	  gas	  and	  
compare	  with	  Fermi	  LAT	  data	  (21	  months,	  200	  MeV	  to	  100	  GeV)	  
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Results: spectra �

SciNeGHE,	  22	  June	  2012	  

excess	  :	  
unresolved	  
sources	  ?	  
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The physics of the diffuse 
emissions well understood 
and described. �

BUT No single model gives 
best fit over all sky regions �

Models under-predict data in 
the outer Galactic plane�

Ackermann et al, ApJ 750, 1,3 (2012)�



Results: residual maps�
(model-‐data)/model	  	   Abs(model	  1)-‐	  Abs(model	  2)	  
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All models are within 15% of data�

Larger Galactic halo size preferred�

Ackermann et al, ApJ 750, 1,3 (2012)�



Diffusion, �
energy losses, 
reacceleration, secondaries 
…�
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SciNeGHE,	  22	  June	  2012	  

PLANCK	  1	  year	  
30	  GHz	  to	  857	  GHz	  

+	  Sources	  +	  Spinning	  dust	  +	  detector	  noise	  +	  Dark	  Mader?	  

WMAP	  

The microwave sky	  
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	  	  	  	  	  	  Using	  synchrotron	  radiaDon	  for	  constraints	  and	  for	  foreground	  studies	  

•  Synchrotron spectral Index -> e- spectral index �
•  Synchrotron Intensity -> B intensity and electron flux�

•  e- 0.5 - 20 GeV -> 20 MHz - 100 GHz �

-‐  3D	  model	  of	  the	  magneDc	  field	  

-‐  Regular	  and	  random	  components	  

-‐  Polarized	  synchrotron	  

-‐  Free-‐free	  emission	  model	  

Recent	  Improvements	  in	  Galprop	  	  

Strong,	  Orlando,	  Jaffe	  A&A	  2011	  

Orlando,	  Strong	  et	  al	  in	  prep	  

SciNeGHE,	  22	  June	  2012	  

Uncertainties	  
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Radio Ground-based Surveys: 22 MHz – 5 GHz  �
WMAP: 23 – 94 GHz  …. Planck: 30 - 800 GHz�

Radio surveys & WMAP	  
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… directly 
measured�

e-‐	  e+	  	  
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Synchrotron	  

Direct	  measurements	  

1. Probing Interstellar electron spectrum 
…�

Obtaining info on B-field intensity�

Strong, Orlando & Jaffe �
 A&A 534, 54 (2011)�



 … before modulation �

e-‐	  e+	  	  

SciNeGHE,	  22	  June	  2012	  

Change in the spectral index �
E.	  Orlando	   23	  

Synchrotron	  

Direct	  measurements	  

1. Probing Interstellar electron spectrum 
…�

Strong, Orlando & Jaffe �
 A&A 534, 54 (2011)�



InjecDon	  
spectral	  index	  
below	  break=1.8	  

*injection spectral index above break at 4 GeV = 2.5 �
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  2. Probing electron injection spectrum�
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High latitudes�
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Strong, Orlando & Jaffe, A&A 534, 54 (2011)�
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InjecDon	  
spectral	  index	  
below	  break=1.8	  

Using	  GALPROP:	  Pure	  Diffuse	  model	  (Strong	  et	  al.	  2010	  ApJ	  722L	  58)	  -‐	  High latitude�
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Need of a break < ~GeV <1.6 �

*injection spectral index above break at 4 GeV = 2.5 �

InjecDon	  
spectral	  index	  
below	  break=1.3	  

  2. Probing electron injection spectrum�
High latitudes�

e-‐	  e+	  	  
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Strong, Orlando & Jaffe, A&A 534, 54 (2011)�
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Strong, Orlando & Jaffe �
 A&A 534, 54 (2011)�



POSITRONS	  (secondaries)	  

3. Testing models of propagation �

SciNeGHE,	  22	  June	  2012	  

PEAK	  

PEAK	  (only	  secondaries)	  

Primaries+secondaries	  
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Synchrotron helps in constraining models used to described gamma-ray data! �



3. Probing Galactic Magnetic fields	  

P	  	  
@	  23	  GHz	  

Model	  1	   Model	  2	   Model	  3	  

TOT	  
@	  408	  MHz	  
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paper in prep �
B-field 2-3 times higher than previous models ! �
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3. Sensitivity to halo size z	  

z	  =	  4	  kpc	   z	  =	  10	  kpc	  

SciNeGHE,	  22	  June	  2012	  

Larger halo size preferred ! �
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paper in prep �



4. Sensitivity to CR source distribution	  

Pulsar	  distribuDon	  	   SNR	  distribuDon	  	  
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paper in prep �



The physics of the diffuse emissions is well understood�

Cosmic rays bring info on the interstellar medium �

With a multi-wavelength approach we can put better 
constraints�

Galactic foreground studies need a global approach 
consistent with different observations�

Conclusions�
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