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The Large Thermal Pressure in the Halo

Andrew Taylor

X-ray observations of bright AGN indicate the 
presence of a hot local absorber.

Faerman ApJ 835 (2017), Martynenko MNRAS, 511 (2022)

Faerman ApJ 835 (2017), Tourmente 2207.09189, (2022)

Faerman ApJ, 893 (2020)
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rL(10 EV) = 50 kpc
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B(100 kpc) ⇡ 0.2 µG

More recently, the ram pressure stripping of satellite 
galaxies + emission from the hot absorber have been 
collectively used to probe the halo gas.

Gupta ApJ, 756 (2012)

These results are consistent with expectations if the halo 
gas is in hydrostatic equilibrium



Our Local Extragalactic 
Neighbourhood

The local (<10 Mpc) extragalactic objects
are structured, sitting in a roughly circular 
disk shape 

Andrew Taylor

6

4

2

0

-2

-4

S
h

e
e

t 
Y

 (
M

p
c

)

Local Sheet
Top View

Milky Way

Andromeda

NGC 253
Maffei 1

Maffei 2

IC 342

M82

M81

M94

M64

M83

Circinus

Centaurus A

NGC 4945

Council
of 

Giants

Intersection with
Galactic Plane

Intersection with
Supergalactic Plane6.25 Mpc

-6

-4

-2

0

2

4

6

S
h

e
e

t 
Z

 (
M

p
c

)

6420-2-4-6

Sheet X (Mpc)

Local Sheet
Side View

6.25 Mpc

McCall MNRAS 440 (2014)

van Vliet MNRAS 510 (2021)



Extended Hot Gas 
Around CoG Members?

Andrew Taylor

Bregman et al. ApJ 928 (2022)



Local Extragalactic Structure 
The Council of Giants
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Cen A is unique within the council of giant 
structure are being the only object proving a 
kinetic luminosity capable of giving rise to 
multi EeV acceleration Lovelace et al. (1976)

<latexit sha1_base64="TeK2b4BrUh2Dg/4TN6w5NfQexz4="></latexit>

Emax . Z

⌘
(�LKE↵~)1/2 ⇡ 10

Z

⌘

✓
�LKE

3⇥ 1043 erg s�1

◆1/2

EeV



Simulation Setup
• Particles initially fill 300 kpc region 

surrounding Cen A (isotropic momentum 
distribution)

• Large angle particle scattering occurs within 
the virial region (< 300 kpc) of all members 
of the council of giant system 

• Outside the virial radii of these galaxies the 
particle propagation is treated as ballistic

• Fundamental parameter of problem- optical 
depth of scattering regions

• Echo signals results are rather insensitive to 
optical depth of scattering regions, 
provided 
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• Only He and Fe injected into the 
system (fragile and robust species 
compared to crossing time of system)

• Particles photo-disintegrate en-route in 
extragalactic radiation fields

• 30 EeV particles being focused on

• Deflections from MW magnetized halo 
intentionally left out
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⌧ =
rvir
lsc
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⌧ > 1



Simulations of UHECR 
Propagation Through 

the CoG Structure
Pulse release of particles from Cen A and 
propagation of these particles through the CoG
structure



The Focusing of the Echo Waves 
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Milky Way Based Observers
Model A
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Particle Acceleration/Release Scenarios
Model B:
The UHECR output of Cen A is described by: 

Model C:
The UHECR leakage out of Cen A is rigidity 
dependent
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⌧10 = 1.5 Myr

The UHECR output of Cen A exponentially 
decays after the initial burst 

The UHECR escape from the source region in a 
rigidity dependent manner 



Distinguishing Between Model B and 
Model C Results
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Conclusions
• Observational evidence over the last 10 years has mounted suggesting that galaxies are 

significantly thermally pressured (suggesting magnetically pressured) out to their virial radius

• UHECR propagating within the magnetic halos around local galaxies (in the Council of Giants 
structure) may be strongly deflected

• If strong deflection in magnetic halos are at play, the presence of the Council of Giant 
structure, within which Cen A and the Milky Way reside, can imprint itself on the arriving 
UHECR skymap

• Such an imprint may explain the correlation that PAO and TA have reported with local 
structure

• A key diagnostic of this imprint comes from the composition skymaps, expected to He rich in
the echo and source regions

Model B
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Echo Waves 
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The Uniqueness of Cen A within the 
Council of Giants

tacc = ⌘
Rlar

c�2

[AM Hillas (1984)]
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[Lovelace et al. (1976)]

Under the assumption of equipartition
of energy between kinetic energy and 
magnetic field:

<latexit sha1_base64="k26UNges34y5X+hetyE8xRChyjg=">AAACDHicbVC9TsMwGHT4LeGvwMhiUSExVUlVBAtSVRYGhoJIW6kJleM6rVXHiWwHqYryACy8CgsDCLHyAGy8DU6bAVpOsnW6u0/2d37MqFSW9W0sLa+srq2XNszNre2d3fLefltGicDEwRGLRNdHkjDKiaOoYqQbC4JCn5GOP77M/c4DEZJG/E5NYuKFaMhpQDFSWuqXK64fpOZ1P21mF05+192Ywtv7tJa5PlEIYjPTKatqTQEXiV2QCijQ6pe/3EGEk5BwhRmSsmdbsfJSJBTFjGSmm0gSIzxGQ9LTlKOQSC+dLpPBY60MYBAJfbiCU/X3RIpCKSehr5MhUiM57+Xif14vUcG5l1IeJ4pwPHsoSBhUEcybgQMqCFZsognCguq/QjxCAmGl+zN1Cfb8youkXavap1Xrpl5pNIs6SuAQHIETYIMz0ABXoAUcgMEjeAav4M14Ml6Md+NjFl0yipkD8AfG5w/FsZor</latexit>

LB = UB4⇡R
2�c

<latexit sha1_base64="TeK2b4BrUh2Dg/4TN6w5NfQexz4="></latexit>

Emax . Z

⌘
(�LKE↵~)1/2 ⇡ 10

Z

⌘

✓
�LKE

3⇥ 1043 erg s�1

◆1/2

EeV

<latexit sha1_base64="Au7iwBMauLXY/NVY9DlELwEVk8w=">AAACAnicbVDLSsNAFJ3UV42vqCtxM1gEVyURRTdCqQguq9gHtKVMpjft0MkkzEzEEoIbf8WNC0Xc+hXu/Bunj4W2HrhwOOde7r3HjzlT2nW/rdzC4tLySn7VXlvf2NxytndqKkokhSqNeCQbPlHAmYCqZppDI5ZAQp9D3R9cjvz6PUjFInGnhzG0Q9ITLGCUaCN1nL2WH6T2VScNyUN20fJBEwxlfGtnHafgFt0x8DzxpqSApqh0nK9WN6JJCEJTTpRqem6s2ymRmlEOmd1KFMSEDkgPmoYKEoJqp+MXMnxolC4OImlKaDxWf0+kJFRqGPqmMyS6r2a9kfif10x0cN5OmYgTDYJOFgUJxzrCozxwl0mgmg8NIVQycyumfSIJ1SY124Tgzb48T2rHRe+06N6cFErlaRx5tI8O0BHy0BkqoWtUQVVE0SN6Rq/ozXqyXqx362PSmrOmM7voD6zPH3DVlik=</latexit>

Emax = �eBR



Particle Acceleration/Release 
Scenarios

Model B Model C



Extragalactic Magnetic Field is 
Hugely Uncertain

Andrew Taylor


