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Combining	  observaFons	  
from	  radio	  to	  gamma	  rays	  to	  
beOer	  constrain	  CR	  spectra	  
and	  propagaFon	  models	  
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Various	  models	  of	  electrons	  LIS	  based	  on	  CR	  measurements	  
Radio	  Synchrotron	  observaFons	  of	  the	  interstellar	  emission	  provide	  fundamental	  informaFon	  on	  CR	  electrons,	  which	  
are	  also	  producing	  the	  leptonic	  emission	  (inverse	  Compton	  and	  bremsstrahlung)	  in	  gamma	  rays	  seen	  by	  Fermi	  LAT.	  
We	  describe	  some	  updates	  to	  the	  analysis	  of	  the	  interstellar	  emission	  from	  radio	  to	  gamma	  rays	  and	  to	  the	  modeling	  of	  
CRs	  with	  the	  GALPROP	  code	  (hOps://galprop.stanford.edu).	  

We	   gain	   informaFon	   about	  
electrons	   in	   the	   energy	  
range	   102	   -‐	   104	   MeV	  
w i t h o u t	   ma k i n g	   a n y	  
assumpFons	   about	   solar	  
modulaFon.	   In	   this	   energy	  
range	   solar	   modulaFon	   is	  
significant,	   and	   there	   are	  
no	   interstellar	   CR	   direct	  
measurements.	  	  

Electron	   and	   positron	   LIS	   of	   three	  
baseline	   models	   C	   (blue	   line),	   P	   (green	  
line),	   and	   R	   (black	   line)	   for	   positrons	  
(dashed-‐doOed	   line),	   electrons	   only	  
(dashed	   line),	   and	   positrons	   plus	  
electrons	   (solid	   line)	   compared	   with	  
data:	  blue	  crosses:	  AMS-‐02	  positrons	  [4];	  
red	   points:	   AMS-‐02	   electrons	   [5];	   black	  
crosses:	   PAMELA	  electrons	   [3];	  magenta	  
triangles:	   Voyager	   1	   electrons	   and	  
positrons	   [6].	  Details	  on	   the	  models	   can	  
be	  found	  in	  [7].	  
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B-‐field	  intensity	  is	  fit	  
to	  the	  408	  MHz	  map	  

Fermi	  data	  are	  
from	  [1]	  

Radio	  Synchrotron	  and	  Gamma	  Ray	  interstellar	  emission	  	  

Synchrotron	   spectra	   for	  
t he	   t h r ee	   e l e c t ron	  
models	   compared	   with	  
data	   for	   intermediate	  
laFtudes	  (i.e.	  10<	  b<	  20	  ).	  
Radio	  surveys	  at	  45,	  150,	  
408,	   and	   1420	   MHz	  
(magenta	   triangles)	   are	  
as	   described	   in	   [10].	  
WMAP	   [5]	   (blue	   stars)	  
a n d 	   s y n c h r o t r o n	  
temperature	   map	   by	  
Planck	  	  [8]	  (red	  point)	  are	  
also	  shown.	  

Calculated	   gamma-‐ray	   components	   and	   spectrum	   for	   C,	   P,	   and	   R	  
models	   (lec	   to	   right)	   compared	   with	   Fermi	   LAT	   data	   from	   [1]	   for	  
intermediate	  laFtudes	  (10<|b|<20,	  all	  longitudes),	  using	  the	  electron	  
LIS	   as	   previously	   reported.	   Data	   include	   staFsFcal	   (grey	   area)	   and	  
systemaFc	   errors	   (black	   bars).	   Here	   components	   are	   not	   fiOed	   to	  
gamma-‐ray	   data,	   so	   uncertainFes	   in	   the	   gas	   are	   not	   accounted	   for.	  
Spectra	   for	   sources	   and	   isotropic	   are	   taken	   as	   in	   [1],	   for	   the	   most	  
extreme	   cases	   reported	   there.	   30%	   uncertainty	   is	   added	   to	   the	  
isotropic	   spectrum,	   following	   the	   study	   in	   [2]	   based	   on	   various	  
foreground	  models.	  The	  inverse	  Compton	  component	  has	  been	  scaled	  
to	  beOer	  reproduce	  gamma	  rays	  as	  found	  in	  [1].	  

Synchrotron	  

C	   P	   R	  

Gamma	  Rays	  



E.	  Orlando	   4	  

PredicFons	  for	  the	  MeV	  energy	  range	  
PredicFons	   for	   the	   energy	   range	   of	   e-‐ASTROGAM	   and	   AMEGO,	   possible	   future	  
gamma-‐ray	  instruments	  for	  model	  R,	  as	  an	  example.	  The	  figure	  shows	  also	  the	  Fermi	  
LAT	  data	  intermediate	  laFtudes	  [1]	  and	  COMPTEL	  data	  [9]	  for	  comparison.	  
	  
The	   sky	  above	  100MeV	   is	  dominated	  by	  emission	  produced	  by	  CRs	   interacFng	  with	  
the	   gas	   and	   interstellar	   radiaFon	   field	   via	   pion-‐decay,	   IC,	   and	   bremsstrahlung.	  
Disentangling	   the	   different	   components	   at	   the	   LAT	   energies	   is	   challenging	   and	   is	  
usually	  done	   in	  a	  model-‐dependent	  approach.	  UncertainFes	   in	   the	   ISM	   is	   the	  major	  
limitaFon	  to	  our	  modeling	  and	  hence	   in	  our	  knowledge	  of	  CRs,	  e.g.	  as	   found	   in	   [1].	  
The	  situaFon	  below	  100MeV	  is	  sFll	  unexplored.	  ExtrapolaFons	  of	  present	  models	  to	  
such	   low	   energies	   predict	   inverse	   Compton	   and	   bremsstrahlung	   to	   be	   the	   major	  
mechanisms	  of	  CR-‐induced	  emission,	  which	  are	  of	  leptonic	  origin.	  
	  

CONCLUSIONS:	  In	  this	  work	  we	  presented	  the	  feasibility	  and	  importance	  of	  using	  mulF	  wavelength	  observaFons,	  especially	  at	  radio	  
wavelengths,	  together	  with	  CR	  measurements,	  to	  constrain	  the	  gamma-‐ray	  interstellar	  spectrum	  below	  1	  GeV.	  
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