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7" Halo near GC
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7" Halo near GC
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Around Sgr-A East there is a diffuse
emission region, known as 7’ halo.
Pedlar et al. (1989) suggested the 7' halo
as a mixture of thermal and non-thermal
emission.

Roy and Rao (2006) showed that the
halo is mostly a synchrotron emitting
nebulae.

Lack of constraints on its distance could
indicate it to be located anywhere along
our line of sight.

Using HI absorption, we have
investigated if the 7" halo is indeed a GC
object.



Ser A East & 7' halo
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The low frequency turnover of both these objects occur
at about the same frequencies.

Absorbed to almost the same extent at 154 MHz
Absorption is extrinsic to these sources, possibly by a
line of sight diffuse ionised gas.

S§==8yxv*xexp(—7) ; T=02xn2xpy 2T

n? x T, 1% =0.23+0.025 & a= -0.5+0.2 for Sgr A East

ng x T, % =0.18£0.05 & o= -0.27+0.2 for 7' halo

(Roy & Rao 2006)



Ser A East & 7' halo
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Free-free absorption caused by the screen nearly equal.
Line of sight absorption by a single foreground screen
causes the absorption at low frequency.

Purely non-thermal synchrotron source.

If 7' halo is indeed at the GC, it could indicate its
formation to be caused by energetic processes at the
GC.

Here we attempt to show the same using HI absorption

and GC molecular cloud emission.



GC in radio: HI Hyperfine Splitting

Allows to study evolution of physical processes from the disk F' =1

e = — =
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to central region of the Galaxy at different wavebands. g g ) \$ .
GC obscured at optical and UV lights by very high interstellar R it
extinction, due to dust in Galactic plane, especially near GC. F=0 A {2 - 124i22mMHz
Probably the best band to study GC is radio and. - 2 Smn}]p\ C * g,_\\f
Spectral lines can be observed in radio band without any R _7
interstellar extinction of dust in Galactic plane. Credit: Wikd
HI line:

AE

AE =5.87X10° eV ;v =1420.406 MHz or »=21.106 cm. Ny — Gup kTlspin




Archival Data

Parameters Data
Total Bandwidth 1.5625 MHz
Channels 127
Channel width 12.207 kHz (2.5Km/s)

Vel. coverage

330 Km/s

Data from a survey of 21 cm absorption near
GC about 100X 50" is available using VLA by
Lang et. al. (AL546). (Lang et. al. 2010)
5 fields were observed with VLA ( B, C, D
array).

These fields are all separated by half the beam
width.

Line-free channel continuum image and an

absorption cube are made using this data set.
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HI and molecular spectra

We have studied the 7' halo region

through 21 cm absorption. > . <
CO & CS molecular emission spectra are

also used to constrain its distance.
CS emission traces the dense star forming

regions at the GC region.
Absorbing cloud
T

1%

CO emission reveals the overall structure

and traces mostly less dense diffuse
regions.




Absorption near 7" Halo
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Different parts of 7" Halo
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Different parts of 7" Halo
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Different parts of 7" Halo
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Way Galaxy

Image: Wiki

Results

Absorption is seen around —53 km s !
towards the integrated as well as the
different parts of the halo.

This absorption is due to the 3-kpc arm of
the MW Galaxy.

3-kpc arm 1s about 5 kpc away from us.

Indicates a minimum distance of the halo
~ 5 kpc from us.

7' halo does not show peak in CS
molecular emission between —25 to —30
kms L.

So, this HI absorption could have been
caused by a line-of-sight HI gas in front of

the GC region.



Results

CS molecular emission in contour with
velocity between 40 and 70 km s
superimposed on a grey scale 1.4 GHz
continuum image of 7' halo.

We have not detected any HI absorption at
this velocity towards parts D & E.

But CS molecular emission is present.
Regions D & E could be in front of the +50
km s™! molecular cloud and are closer to us.
Regions A, B & C are behind the +50 km s
molecular cloud.

7" halo 1s a GC object.



Age of the halo

Assumption: propagation velocity of the plasma to be the

._3/2 +2

same as magneto-ionic instability.
By

. 47Tp0 .
Magnetic field of ~1 mG , plasma density of ~10 cm™>

Alfven velocity: v, =

near the GC. Akshaya & Hoang (2024) & Cordes (2004)

log U

Alfven velocity is about 700 km s
Since, size of the halo is 20 pc, so the age is ~ 10° years.

Energy is stored in the magnetic field as well as in the

particles, where total energy is

V B2

Ur =U, + Uy = aALB 32 + log B (Moffet 1975)

0



Age of the halo

Spectral index is determined using the 7'

250 1

halo’s spectrum above 1.4 GHz.
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We estimate the luminosity of the 7' halo
over the radio band (10 MHz to 10 GHz)
L~143x10%ergs!
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Using equipartition of energy between

100 1

magnetic field and the cosmic ray particles:

U = 2.56 x 10°° erg

75 4

Equipartition mag. field: B(Umin) = 0.2 mG
Suggests a age of ~5 x 10° years.
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Possible origin of the halo

e Possibility I:
o The total energy in a typical supernova exploration: E_~ 10> erg
o In atypical supernova exploration 99% of the total energy is carried out by the neutrinos.

o Kinetic energy of the ejecta contributes only ~1% : E.. =~ 10!erg

kinetic

o The efficiency of conversion of mechanical energy to relativistic particles to be of ~10% in
a supernova i.e. = 10erg
o 7" halo could have been created from the explosions of a few supernovae near the GC.
e Possibility II:
o Particle energy density in the halo ~10™ erg cm™ , higher than what is observed in the lobe

of radio galaxies such as Fornax A or M87 (~107? erg cm ™).

Moffet 1975 & Gasperin et al. 2012
o The past activity of Sgr A* could also be responsible for its formation.



Possible origin of the halo

~14 kpc

EBs

o Results of the previous activity of Sgr A™ leads
to the formation of large-scale bubbles of
emission in X-rays and gamma rays.

o These are long time scale activity of Sgr A”

o  Similarly, its shorter time scale enhanced

activity could have resulted in the creation of
the 7' halo ~ 10° years ago.

o Indication of large scale activity of Sgr-A*
supports smaller scale activity in a more recent

epoch.

Images credit: Predehl et. al. 2020



Summary

Absorption is seen at around —53 km s™! due to the 3 kpc arm towards all the 5 regions of the
7' halo, which indicates a minimum distance of ~ 5 kpc from us.

Absorption is seen towards 3 out of 5 parts due to neutral hydrogen associated with the +50
km s ! molecular cloud.

It suggests that the entire 7' halo region might not be at the same distance from us; rather a
part of it to be closer to us (by few tens of pcs).

For the first time, this indicates that it is at the distance of the +50 km s~! molecular cloud,
which is believed to be associated with the Sgr A region.

7' halo could have been created due to energetic activities in the GC region ~ 10° years ago.



