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1. Large scale structures
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2. The Magnetic ridges vs the eROSITA Bubbles

eROSI1 A Bubbles
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Within Local Spiral Arm, or beyond the Galactic Disc?



3. Question: Local or Galactic? All-sky observation:

A gigantic structure observed in the sky could
be either within the Local Bubble in a few tens
of pcs, or Galactic structure (several kpcs).

Within Local Bubble?
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5 kpcs
Stand out of the
Galactic Disc?

Galactic Disc



3. Question: Local or Galactic?

Faraday Rotation Depolarization
Polarized signal from synchrotron will be Faraday rotated, Signals depolarized in turbulent foreground.
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3. Question: Local or Galactic? Zhang et al 2024 Nature Astronomy

(a) Depolarzation Analysis Polarized
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Emitting region
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polarized synchrotron emission.
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3. Question: Local or Galactic? Zhang et al 2024 Nature Astronomy
Observation (Pl 1.4GHz)
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3. Question: Local or Galactic? Zhang et al 2024 Nature Astronomy

Answer: Galactic X-ray halo
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4. Magnetic and X-ray emitting halo

Milky-Way-like Galaxy: NGC891

The Milky Way
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4. Gamma-ray counterpart of the magnetic halo
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A gamma-diffuse halo (see 1), with magnetic ridges enhanced at the edges (see 2), independent of the
background or Fermi Bubbles (see 3), and similar morphology to the eROSITA Bubbles (see 4) 10



5. Magnetic field strength measurements Magnetic field strength diagnostic from multi-
messenger approach

(a) Relative excess (o)
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6. Magnetic Ridges in the halo vs Star Formation in the disc
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Active star-forming clumps in the Galactic Disc
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Fermi Bubbles to the GC;
eROSITA Bubbles to a few kpcs from the GC!
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7. Magnetic halo and Galactic Outflows

Fermi Bubbles
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7. Magnetic halo and Galactic Outflows
Fermi Bubbles
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7. Magnetic halo and Galactic Outflows
Fermi Bubbles
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The outer outflows can be powered by the 3-5 kpc star-forming ring by

energy from SNe,;
The mass injection rate required around
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a few to 20%

0.3 ~ 1.3 Solar mass / year.

’ Assumptions
A /!
Y . 7 e Hgys [ kpc] 4 7 10
AV o~ -10 § tayn [ VTS| 108 | 10° || 10 | 10” || 10% | 10°
km,"';‘,‘kpc”-l . SN Results
. "--;:' : g > L ‘--‘\' (BJER?IC Etherm [X1055 erg] 5.9 10 14
: Ga!acti‘c T . B R(Znta}h:){_) Ep [x10™ erg] 1.5 3.3 5.3
Rotaition galactuc Dlsé\ S FEitot [x10°° erg] 8.6 15 21
s X e BE N TR & E;n; [x10% erg/s] || 2.7 | 1.4 || 47 | 25 || 66 | 3.5
e R SR P ¥ T . Xini %] 85 | 45 || 146 | 7.7 || 205 | 10.8
----- : . IRERY M;ynj [ Mg /y1] 0.54 | 0.28 || 0.92 | 0.49 || 1.3 | 0.68
AV, ~-10 |
km/s/kpc . : :
Pc ¥ . The SNR rate in the 3-5 kpc star-forming ring
~ . .
is around 1 per century: Espp ~ 3.2 x 10*! erg/s.
’ Galactic Bar O VR Sl i T 0
g Galactic winds from
® &

of their mechanical

15




Summary

1. The Milky Way has inner outflows from
GC (Fermi Bubbles) and outer outflows
from the star forming clumps (eROSITA
Bubbles, footpoints span several kpc).

2. The magnetic field is coherent and highly
anisotropic in the Galactic halo, tracing
the Galactic outflows.
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Magnetic field strength diagnostic from multi-

messenger approach
* Synchrotron: * Inverse Compton (IC):
Relativistic electrons radiate when Relativistic electrons scatters low
gyrating around the magnetic field energy photons to gamma-ray
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3. Question: Local or Galactic?

Depolarization screen at different distances
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Depolarization screen at 5kpc anti-correlated with the observed polarized
synchrotron emission.

These magnetic ridges are several kpc scales stemming out of the Galactic plane.
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6. Magnetic Ridges in the halo vs Star Formation in the disc
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1. Magnetic ridges are not all connected to the Galactic Center, but rather to some of the active star-forming points in the

Galactic disc.
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6. Magnetic Ridges in the halo vs Star Formation in the disc
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1. Magnetic ridges are not all connected to the Galactlc Center, but rather to some of the active star-forming points in the

Galactic disc.
2. These active star-forming points are connected to the clumps in the disc with high specific star-forming rate 3-5 kpc from the

Galactic Center (known as “star-forming ring”, see e.g. Elia+2022).
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(d) Outer eROSITA halo south: R3 — R4
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Radio and gamma-ray fluxes in the outer region (left) is not lower than the inner region (right) at the same Galactic latitude. This
indicates the injection from the Fermi Bubbles are not enough to explain all the emission in the outer region (between

boundaries of Fermi Bubbles and eROSITA Bubbles).
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7. Magnetic halo and Galactic Outflows
Fermi Bubbles
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Polarized E-vector from dust emission vs magnetic ridges from synchrotron

Pyt L Bsyy
(Fan Region)

There is no counterpart for the polarized dust emission (mainly local, see Maconi+2023)

with the magnetic ridges in the Galactic halo.
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3D geometry of the eROSITA Bubbles a3 i =)

Does “eROSITA Bubbles” observed in 2D sky
indicate a pair of 3D Bubbles?

No necessarily!

Because of the projection effect, the
observed morphology can result from
different emitting structures.
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