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Echoes from Subir’s 
Past Activity



My First Steps Exploring UHECR 
Propagation

Subir proposed for me to investigate the propagation of UHECR nuclei through 
extragalactic radiation fields as part of my PhD studies

This topic proved to be extremely rich, introducing me to a range of topics:
• EBL (extra-galactic background radiation)
• the diffuse gamma-ray background
• cosmogenic neutrinos
• simplified analytic descriptions of more complicated Monte Carlo simulations

The breadth of topics he introduced me to put me in a position to lead research 
efforts myself in separate (but connected) disciplines



UHECR: The Observational Status

Pierre Auger Collaboration. ApJ. 935 (2022)
Caccianiga et al. for the Auger and TA Collaborations. PoS (ICRC2023) 
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Assumptions on Source Population

5

dN

dVC
/ (1+ z)n

EZ,max = (Z/26)⇥EFe,max

z < zmax

n = �6, �3, 0, 3

Note- magnetic field horizon effects are neglected in the following. This 
amounts to assuming:
ie. the source distribution may be approximated to be spatially continuous 
(also note, presence of tH term comes from temporally continuous 
assumption)

ds < (ctH�scat)
1/2
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Lang PRD, 102 063012 (2020)

How Far is the Nearest Source?

D<80 Mpc

Taylor PRD, 84 105007 (2011)



Evidence that either there aren’t many such sources, or that these sources (spectrally) 
are copies of each other (ie. stability of solution issues) Ehlert PRD, 107 103045 (2020)

Good Fit Solutions and their Stability
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Focusing first on the spectrum and composition data

Taylor, PRD 92 (2015) 6



Proximity-Spectral Index Relation

8

Local source solution calls upon a more 
acceptable spectral index

note trend in index

note trend in index

PAO, JCAP 04 (2017) 038

Taylor, PRD 92 (2015) 6



Proximity-Spectral Index Relation

9

Local source solution calls upon a more 
acceptable spectral index- how to square 
this with the anisotropy data?

note trend in index

note trend in index

PAO, JCAP 04 (2017) 038

Taylor, PRD 92 (2015) 6



Large Thermal Pressure in Galactic 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 density.

Gupta ApJ, 756 (2012)

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

Heesen A&A, 670 (2023)
consistent with



Our Local Extragalactic 
Neighbourhood

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

Andrew Taylor
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The Uniqueness of Cen A within the 
Council of Giants

tacc = ⌘
Rlar

c�2

[AM Hillas (1984)]

Andrew Taylor

tesc. =
R

c�
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[Lovelace et al. (1976)]

Under the assumption of equipartition 
of energy between kinetic energy and 
magnetic field:
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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)
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Cen A’s Past Activity
Matthews et al. MNRAS 479 (2018)

Hardcastle et al. MNRAS 393 (2009)
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Ljet ⇠ 1044 erg s�1
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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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Simulations of UHECR Propagation 
Through the CoG Structure



Milky Way Based Observers
Model A
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The Presence of NGC 253 in the Skymaps?
Model B

Model B (no NGC 4945)
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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

<latexit sha1_base64="CIXEYpoc3aG0IKDiDtoAVPccIsY=">AAACCHicbVA9SwNBEN3zM55fUUsLD4NgY7yToDZC0MYiRQRjArl47G3mdMneB7tzQjiutPGv2FgoYutPsPPfuEmu8OvBwOO9GWbm+YngCm3705ianpmdmy8tmItLyyur5bX1KxWnkkGLxSKWHZ8qEDyCFnIU0Ekk0NAX0PYHZyO/fQdS8Ti6xGECvZDeRDzgjKKWvPKW6weZ2ThpeJmdw3W2h/su0tTL+sDy3My9csWu2mNYf4lTkAop0PTKH24/ZmkIETJBleo6doK9jErkTEBuuqmChLIBvYGuphENQfWy8SO5taOVvhXEUleE1lj9PpHRUKlh6OvOkOKt+u2NxP+8borBcS/jUZIiRGyyKEiFhbE1SsXqcwkMxVATyiTXt1rslkrKUGdn6hCc3y//JVcHVeewWruoVeqnRRwlskm2yS5xyBGpk3PSJC3CyD15JM/kxXgwnoxX423SOmUUMxvkB4z3L7PhmSo=</latexit>

L = L0e
�t/⌧dec

<latexit sha1_base64="Oj77HWLKlHN2RqxLhjBFE+TNxxQ="></latexit>

⌧esc = ⌧10

✓
(E/Z)

10 EV

◆

<latexit sha1_base64="jAtrqWF0uOYUCtGTqVs2AZYhB70=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWARXJVEi7oRim7cCBXsA5oQJpNJO3QyCTMToYS48FfcuFDErZ/hzr9x2mahrQcuHM65l3vvCVJGpbLtb2NhcWl5ZbWyZq5vbG5tWzu7bZlkApMWTlgiugGShFFOWooqRrqpICgOGOkEw+ux33kgQtKE36tRSrwY9TmNKEZKS7617wZRbroKZX4eElxcnj7ejoRZ+FbVrtkTwHnilKQKSjR968sNE5zFhCvMkJQ9x06VlyOhKGakMN1MkhThIeqTnqYcxUR6+eSBAh5pJYRRInRxBSfq74kcxVKO4kB3xkgN5Kw3Fv/zepmKLryc8jRThOPpoihjUCVwnAYMqSBYsZEmCAuqb4V4gATCSmdm6hCc2ZfnSfuk5pzV6nf1auOqjKMCDsAhOAYOOAcNcAOaoAUwKMAzeAVvxpPxYrwbH9PWBaOc2QN/YHz+ABkdlhk=</latexit>

⌧dec = 3 Myr

<latexit sha1_base64="VdWF311AMpznSTSzGbABmBzrufs=">AAACAXicbVDLSsNAFJ3UV42vqBvBTbAIrkIi9bERim7cCBXsA5oQJtNJO3QyCTMTIYR046+4caGIW//CnX/jtM1CWw9cOJxzL/feEySUCGnb31plaXllda26rm9sbm3vGLt7bRGnHOEWimnMuwEUmBKGW5JIirsJxzAKKO4Eo5uJ33nEXJCYPcgswV4EB4yEBEGpJN84cIMw110JUz937OLKsc7GdxnXC9+o2ZY9hblInJLUQImmb3y5/RilEWYSUShEz7ET6eWQS4IoLnQ3FTiBaAQHuKcogxEWXj79oDCPldI3w5irYtKcqr8nchgJkUWB6oygHIp5byL+5/VSGV56OWFJKjFDs0VhSk0Zm5M4zD7hGEmaKQIRJ+pWEw0hh0iq0HQVgjP/8iJpn1rOuVW/r9ca12UcVXAIjsAJcMAFaIBb0AQtgMAYPINX8KY9aS/au/Yxa61o5cw++APt8weeq5W5</latexit>

⌧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

Model B

Model B Model C
Model C

Model C

Model C

Model B

Model B



Conclusions
• Cosmic ray data is spectrally consistent with a local source scenario, whose spectral index is 

consistent with those expectations from Fermi diffusive shock acceleration theory

• Locally (within the Council of Giants) Cen A appears to be the only source capable of 
accelerating UHECR

• If strong deflections occur in the Council of Giant magnetised halos, this structure can be 
imprinted onto the arriving UHECR skymap

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

• A key prediction of this scenario is a common composition of the echo regions

Model B



A Few Words on the Influence Subir 
has had on me

Subir is an extremely sincere person- hard to convince of anything, and whose opinion is 
worth gold (perhaps for the same reason)

He set me out on the path of UHECR nuclei and the physical consequences of such a 
possibility 20 years ago! I am (we are) extremely fortunate that he pursues and 
encourages others to pursue the testing of theoretical ideas with the latest 
experimental results

He also encouraged me to be outward (worldly) looking- encouraging me to go to a 
research school in Mexico (where I met my wife)
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Extended Hot Gas 
Around CoG Members?

Andrew Taylor

Bregman et al. ApJ 928 (2022)



Starburst Activity from 
CoG Members



Echo Waves 
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Steady State Distribution
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Why a Dipole Around the Observer?
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Why a Dipole Around the Observer?
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Expansion in Spherical Harmonic 
Basis Functions
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Evolution of the Harmonic 
Coefficients



Dipole from an Ensemble of Sources
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Dipole from an Ensemble of Sources
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Dipole from an Ensemble of Sources
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The Evolution of the Dipole with 
Energy

• Dipole from nearest sources grows 
linearly with λscatt (for nearby 
sources steady-state approximation 
holds)

• Contribution of nearest source to 
total flux decays as 1/λscatt

• At highest energies, harmonic 
power migrates to multi-pole 
terms….have the Auger 
collaboration seen this already?


