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Importance of  Radio Galaxies 
Extended radio AGN as environmental probes of cosmic-web filaments

Key idea: Radio galaxies make the invisible cosmic web observable; their jets, lobes, 
morphology and polarisation can record the physical conditions of the surrounding medium.

Why they are useful:

❖ Large-scale structures: jets and lobes can 
extend from galaxy to group/cluster 
scales, sampling gas beyond the host 
galaxy.

❖ Sensitive to environment: radio plasma is 
shaped by external density, pressure 
gradients, ram pressure and accretion 
fl

❖ Structured-environment signposts: bent 
or asymmetric sources can indicate dense 
or dynamically active surroundings.

❖ Indirect access to faint gas: useful where 
fi


What they can probe:

❖ Faraday rotation: traces 
magnetised ionised plasma along 
the line of sight.

❖ Depolarisation: sensitive to 
turbulence and small-scale 
magnetic-field structure.

❖ Morphology: jet bending, lobe 
asymmetry and confinement can 
reveal external pressure and 
flows.

❖ Orientation/alignment: tests 
whether radio structures correlate 
with filament axes or anisotropic 
environments.



Radio galaxies × cosmic-web filaments

First solve the association problem

Before asking whether radio galaxies probe filament gas, pressure structure, or magnetism, we need to 
identify which sources are genuinely associated with filaments.
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SAGAN-VI: When jets meet filaments
  Mahato et al. (2026)

Challenges:
❖ A 2D sky overlap with a filament is 

not enough. 
❖ Projection can place unrelated 

foreground/background sources on 
the same sky region.

❖ Large radio structures require 
source-level morphology checks, not 
just host positions.

What robust association needs:
❖ Sky separation from the filament spine.
❖ Redshift consistency between the radio 

source and filament. 
❖ Filament 3D geometry: spine location, 

local orientation, and width criterion.
❖  Radio morphology: source extent, 

lobes, bending, and orientation relative 
to the filament.

Scientific payoff:
❖ A clean sample enables 

environmental tests.
❖ Morphology, size, asymmetry, 

and polarisation can then be 
interpreted physically.

❖ A reproducible 3D association 
framework.



Radio galaxies × cosmic-web filaments

SAGAN-VI: When jets meet filaments
A practical template for radio galaxies in filament environments
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Methodology:
❖ Uses a 3D filament catalogue based on the Tempel et al. (2014) 

Bisous framework. 
❖ Represents filaments as spines with sampling points and local 

orientation vectors.
❖ Measures 3D comoving distance from each radio-galaxy host to 

the nearest filament spine.
❖ Uses jet–filament alignment angles and lobe arm-length ratios 

as diagnostics.
❖ Compares giant radio galaxies with a smaller radio galaxy 

control sample.

Key lessons for our analysis: 
❖ Do not infer physical association from proximity alone.
❖ Avoid ambiguous filament end-points where the local axis is 

poorly defined. 
❖ Test trends statistically: distance-to-spine, orientation, 

morphology, and asymmetry.
❖ Interpret results comparatively, ideally with a control sample 
❖ Population-level claims need systematic selection.

Results



Standard FRII Morphologies

Asymmetric
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Radio galaxies × cosmic-web filaments

What the filament - radio association tell us

SAGAN-VI: When jets meet filaments
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Radio galaxies × cosmic-web filaments

What the filament - radio association tell us

SAGAN-VI: When jets meet filaments
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Interpretation:
❖ Filament proximity alone may not 

determine whether a radio galaxy reaches 
giant size.

❖  Jet orientation relative to the filament 
can matter because the surrounding 
medium is anisotropic. 

❖ Large radio structures may be more 
sensitive to spine-to-outskirts density and 
pressure gradients.

❖  Complex morphologies close to spines 
may indicate stronger environmental 
modulation.

Key Inference-
A rigorous filament-

association framework is 
the bridge between radio 

galaxies and physical 
claims about gas, flows, 

and magnetic fields in the 
cosmic web.



Probing Magnetic Fields of Filaments
“Once radio galaxies and filaments can be connected geometrically, the next question is 
whether radio polarisation can probe the magnetised plasma in and around filaments.”

❖ Filaments are less evolved than clusters → 
preserve information on early magnetisation.

❖ Filaments are practical observational targets → 
difficult to detect directly, but easier than voids

❖ Weak magnetic fields →  possibly with a 
significant ordered component.



Probing Magnetic Fields of Filaments

Low-frequency 
observations:

✓ Extremely sensitive to small 
Faraday depths

✓ High sensitivity to weak RM 
signals and weak magnetic 
fields

✓ Good probes for large-scale 
intervening screens, such as 
filaments.

Key idea: Use polarised background sources and radio galaxies to prove the 
magnetised plasma of filaments

Source

Observer



Disentangling the signal



Filament 3D Geometry & Clean Sightlines



50% Overlap



Complications in Filament 3D Geometry

Overlapping filaments segments
in projection 

Radius = 2 Mpc



Complications in Filament 3D Geometry

Overlapping filaments segments
in projection 

Radius = 1 Mpc



Complications in Filament 3D Geometry

Overlapping filaments segments
in projection 

Radius = 0.5 Mpc



Complications in Filament 3D Geometry

Overlapping filaments segments
in projection 

Radius = 0.05 Mpc





Radius = 1.5 Mpc Radius = 1 Mpc

Filament 3D Geometry & Clean Sightlines

Mahato et al. -In prep

Filament A

Filament B

Filament A



Radius = 1 Mpc Radius = 0.75 Mpc

Filament 3D Geometry & Clean Sightlines
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Filament A
Filament A

Filament B

Filament C



Radius = 2 Mpc

Filament 3D Geometry & Clean Sightlines

Radius = 2 Mpc Mahato et al. -In prep



Filament 3D Geometry & Clean Sightlines

Clean Bg source Background sources = clean + uncleanSpine points on legacy image



Results
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Filament Magnetism

Preliminary results

Mahato et al. -In prep




