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which is roughly toward the lower left-hand corner of
Figure 11.

6.5. The Tornado

G357.7-0.1, the Tornado, is typically classified as an SNR,
though its unusual properties have prevented a definitive
explanation (Gaensler et al. 2003; Chawner et al. 2020). The
Tornado has been long observed in radio imaging and
polarimetry (e.g., Milne 1970; Shaver et al. 1985; Law et al.
2008), which consistently show a bright head region and a tail
region roughly 10′ in extent. Recently, mid- and far-infrared
dust emission has been detected with Spitzer and Herschel,
revealing a large dust reservoir in the head region (∼17Me)
and consistent with interstellar matter swept up in a supernova
blast wave (Chawner et al. 2020). The head of the Tornado has

also been detected by Chandra in X-rays without evidence for
embedded point sources (Gaensler et al. 2003), lending further
credence to its classification as an SNR. However, the
provenance of the tail is still unresolved (see Chawner et al.
2020, for a recent discussion).
The Tornado is prominent in the f090 and f150 Stokes Q and

U maps, but not f220 (see Figure 3). Likewise, the region
stands out in reddish brown in the three-color polarization map
(Figure 5). This suggests the prominence of synchrotron
emission in this source. A closer examination of the Tornado in
the f090 band is presented in Figure 12. Here, we see the
extended tail region in total intensity but not in polarization,
while the head is prominent in both. This morphology is
consistent with 4.9 GHz polarimetric observations by Shaver
et al. (1985). The inferred magnetic field at f090 is
approximately perpendicular to the extended tail in the eastern

Figure 7. Polarization fractions (background) and magnetic field orientation (line segments) are shown for our three bands (f090, f150, and f220). To estimate the
magnetic field orientations, the polarization field is smoothed with a Gaussian kernel FWHM = 2′, and then resampled with a pixel size of 2′. Line segments with large
uncertainty in polarization angle δψ � 15° are masked.
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Mixture of dust and Synchrotron polarization?
Future radio continuum polarization map needed        

Sgr B Millimeter Polarization 
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• 90 GHz
 

• 220  GHz
 



Stopping power and spectral modification of 
incident CR electrons

• Loss of <1MeV electrons  vs GeV electrons               Attenuation of power-law spectrum                                       
• Traverse a column ~1023 vs ~4x1025 cm-2

• Bulk of heating is done in the MeV range 
      



•  The energy loss rate due to collisional losses      Conversion of ionization losses to I6.4 keV line 

• Steep decline with increasing magnetic field

Ionization losses and Ka line emission



Central Molecular Zone: Warm gas and high z (s-1)

• Ubiquity of high ionization rate 10-13 to 10-15 s-1 



Abundance of nonthermal radio filaments

fyz, Arendt, Wardle, Heywood, Cotton 
and Camilo (2022) 

• 18 years later

• MeerKAT data

• ~1000 identified 
filaments

• The emission tracks 
CR electrons

• High concentration of 
CR sources

• GeV cosmic ray 
electrons 

• Pcr ~ 103 eV cm-3

High CR Flux
 Numerous magnetized  filaments



Central Molecular Zone: Warm gas and high z (s-1)

• Ubiquity of high CR ionization rate 10-13 to 10-14 s-1

•  



Radio luminosity, the magnetic field and the spectral index

B ~ 0.2 mG



The Sgr B IRDC as a synchrotron source due to the interaction of magnetic field and 
ambient CRs.

 A probe of the magnetic field inside the cloud

• The cause of high ionization rate?

Future: 

Radio polarization of the Sgr B halo

Total energy of individual filaments with varying magnetic field and spectral index
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