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I. GC ISM: Radio Continuum"

•  Mixture of thermal and 
nonthermal emission"

•  Thermal Emission"
–  Compact HII regions"
–  Evolved HII regions"

•  Nonthermal Emission"
–  SNRs"
–  Nonthermal filaments "
–  Diffuse background "
–  Colliding winds"

–  2450 Jy at  325 MHzz (90cm) "
–  Radio spectrum:  broken power 

law"
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I. Nonthermal Brehmsstruhlung 
A. Cosmic rays & γ-ray Emission"

•  Fermi data"
•  The photon  spectrum of diffuse γ-ray"
•  Predicted model from radio spectrum"
•  A break in radio and γ-ray spectrum"
•  Rapid cooling at high energies"
•  HESS data"
•  Younger population of electrons "



•  Power law distribution of electrons"
•  N(E) α E-p;  E1=1MeV;  E2= 1GeV"
•  Flux=2450 Jy at 325 MHz"

•  ζ =10-15   s-1"

•  280x70pc, L=280pc, "
•  B=16µG"

•  ζ <10-18   s-1                   "

•  280x70pc, L=280pc, "
•  B=1mG"

(p-1) L  B(p+1)/2"-------------------     "

I. Nonthermal Brehmsstruhlung"
B: Cosmic Ray Ionization Rate "



 Proton Contribution"

The total cr electron density and B "
for a given synchrotron emissivity"

                                                                                   solid = ν-0.5 spectrum"
                                                                                   long dash = ν-1 "
                                                                                   short dash = ν-0.25 "
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•  High Temperature Molecular gas"

•  Heating rate:"

•  Heating rate needs to be resupplied 
by  a SN every 7000 year"

I. Nonthermal Brehmsstruhlung"
C: Cosmic Ray Heating Rate "



•  Fe Kα intensity vs. "
    Synchrotron flux"

•  Requires that"
•  ΝΗ=3x1023  cm-2"
ζ  =3x10-15  s-1"

•  Or 	

ζ  ΝΗ > 109   s-1 cm-2"

I. Nonthermal Brehmsstruhlung"
D. Cosmic Ray Irradiation of Molecular Gas: FeI 6.4 KeV"



  Radio Arc                       "

•  Morphology"
•  An embedded  cloud  "
•  A bath of synchrotron radiation"

20cm continuum!

6.4 keV !

         CS (2-1)!

D. Cosmic Ray Irradiation of Molecular Gas: FeI 6.4 KeV"
GREY: GC20BC  IPOL  1446.150 MHZ  ARC20 EP2000.MCUBE.1
Plot file version 5  created 06-FEB-2011 11:10:03

Grey scale flux range= -9.4 128.0 MilliJY/BEAM

CONT: MAP1  A10MAP.MCUBE.1

Peak contour flux =  1.0850E+01 K km/s  
Levs = 1.000E+00 * (5, 6, 7, 8, 9, 10)
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  Radio Arc                       "

•  Contours of 74 MHz emission "
•  6.4 keV line emission "

D. Cosmic Ray Irradiation of Molecular Gas: FeI 6.4 KeV"

GREY: Merged  FeKa map.LB.1
Plot file version 5  created 06-JUL-2012 06:58:25

Grey scale flux range= 23.0 650.0

CONT: GC  IPOL  73.763 MHZ  GC 74ALL.N.OHGEO.2

Peak contour flux =  4.1967E+00 JY/BEAM 
Levs = 5.000E-01 * (1.500, 2, 2.500, 3, 3.500, 4,
4.500, 5, 5.500)
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GREY: GC1  IPOL  4735.100 MHZ  VLAGBT 6CM.OHGEO.1
Plot file version 3  created 06-JUL-2012 08:47:54

Grey scale flux range= -9.00 75.00 MilliJY/BEAM

CONT: GC  IPOL  73.763 MHZ  GC 74ALL.N.OHGEO.2

Peak contour flux =  4.1967E+00 JY/BEAM 
Levs = 5.000E-01 * (1.500, 2, 2.500, 3, 3.500, 4,
4.500, 5, 5.500)
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•  Contours of 74 MHz emission "
•  1.4 GHz Emission "



•  Time evolution of  a power law 
distribution"

•  Rapid ionization losses at low 
energies"

•  Expected X-ray flux  as a function 
of time"

•  Similar to observed time variability 
of 6.4 KeV line "

D. Cosmic Ray Irradiation of Molecular Gas: CR Losses"



X-ray"NIR"Sub-mm"

•  Interaction of Nonthermal  Electrons + Molecular Gas"

−  LECR population"
−  (ζ ∼10-15-14 s-1)"
−  Variable 6.4 keV line"
−  Heating of Molecular gas to high T"

−  HECR population"
−  GeV  emission"
−  TeV Gamma-ray Emission"

−  Consequences: self-consistent check on the applicability of the model"

 Conclusions"


