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|.  Nonthermal Brehmsstruhlung

Diffuse y-ray Emission

High cosmic ray ionization rate: High xe
Cosmic ray heating rate: High T
Fluorescent 6.4 keV line emission
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GC ISM: Low and High Energy Emission
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|. GC ISM: Radio Continuum

 Mixture of thermal and
nonthermal emission

« Thermal Emission
— Compact Hll regions
— Evolved Hll regions

« Nonthermal Emission
— SNRs
— Nonthermal filaments

— Diffuse background SgrB2  Sgr Bf Arc SgrA Sgr C

— Colliding winds 104: —

Sy = Q(Snroexp(—m + By (T)) x (1 — exp(—7))

— 2450 Jy at 325 MHzz (90cm)

— Radio spectrum: broken power
law

v~ 2% below 3.3 GHz and v~ above 3.3 GHz.
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|. Nonthermal Brehmsstruhlung
A. Cosmic rays & y-ray Emission

- Fermi data N ———
« The photon spectrum of diffuse y-ray 104;_ GC diffuse
* Predicted model from radio spectrum K :
« A break in radio and y-ray spectrum
« Rapid cooling at high energies

- HESS data

* Younger population of electrons
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Table 4. Parameters of the fit to y-ray sources using F'erm: and H.E.S.S. data

Source B ngy Faosma: pl P2 Vbreak Flux(H.E.S.S.) ['(H.E.S.S.)
(pG)  (ecm™3) (Jy) (GHz) (MeV cm—2571)
GC diffuse 8 12.5 508 1.5 44 3.3 (2.58+1.39) x 1075 2.27+0.07



|. Nonthermal Brehmsstruhlung
B: Cosmic Ray lonization Rate

Power law distribution of electrons
N(E) o E®; E,=1MeV; E,= 1GeV
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Proton Contribution

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

relativistic ]
electron

0.1 1 L1l 1 L3 1l
0.1 1 10
proton / electron energy density

solid = v0-° spectrum
long dash = v
short dash = v0-25



|. Nonthermal Brehmsstruhlung
C: Cosmic Ray Heating Rate
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* High Temperature Molecular gas — 10-13
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|. Nonthermal Brehmsstruhlung
D. Cosmic Ray Irradiation of Molecular Gas: Fel 6.4 KeV

« Fe Ka intensity vs. -
Synchrotron flux e

40.1eV x ( x Ng x q
IKa —
4

cm “ Ssr

ph s~

* Requires that

* N;=3x10%3 cm=2
C =3x10"1° s

* Or

C Ny>10° s'cm?



GALACTIC LAT.
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D. Cosmic Ray Irradiation of Molecular Gas: Fel 6.4 KeV

Radio Arc
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Morphology
- An embedded cloud
A bath of synchrotron radiation




D. Cosmic Ray Irradiation of Molecular Gas: Fel 6.4 KeV

Radio Arc
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« Contours of 74 MHz emission « Contours of 74 MHz emission
6.4 keV line emission « 1.4 GHz Emission



D. Cosmic Ray Irradiation of Molecular Gas: CR Losses

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

Ly 10*® photons sTkev?
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Fe s=24,E_. =100 keV
E. = 10* erg

n, = 10* em™
Zamb =2 Zsol

Ny = 6 x 10 em™




Conclusions




