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Why Do We Care About the Intergalactic Medium?

Galaxies ~ 7%

" ICM ~ 4%

Shull et al. (2012)

1. The IGM contains most of the
baryonic matter



Why Do We Care About the Intergalactic Medium?

Galaxies ~ 7%

" ICM ~ 4%

P « " Inflows
Shull et al. (2012)

1. The IGM contains most of the 2. Galaxies and the IGM
baryonic matter evolve together



Problems Observing the Intergalactic Medium

o Density ~ 1 particle per cubic meter

WHIM (OVI)
|| /s missing

o Temperature ~ 1 x 10° K o

WHIM (7Lyo<)
7

. 14+ |
» Lack of favourable UV/Optical » |
transition lines. Hard to observelll - "YW
photoionized ;
g N\ 2

Y NCGM 5+3%

NMICM 4+1.5%

cold gas 1.7+0.4%

Shull et al. (2012)



How do Fast Radio Bursts (FRBs) help?
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Lorimer et al. (2007)

How do Fast Radio Bursts (FRBs) help?  jormeret e 200
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DMHost
14z

DM = DMyw + DMcosmic(Z) |



Milky Wa Host Galaxy/Local
Y Y Environmentl

DMHost

DM = DMy + DMcosmic(Z) + 1+ 2

DMcosmic(z) = DMgm(z) + DMCGM,Interlopers

Intergalactic The CGM of Galaxies
Medium along the line-of-sight



Lookback Time [Gyr]
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EAGLE Simulations

Schaye et al. (2015), Crain et al (2015)

Hydrodynamics + Nbody
Large cosmological volume (100 cMpc)
Redshift range (z~127 to z = 0)

YV V

Abundances for 11 different elements.
HM12 UV lonising Background
Galactic Winds: Star formation & AGN

YV V

> Resolution: ~ 0.7 ckpc
> Particle Masses: ~ 106 M
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EAGLE Simulations

> Divide cube into columns

> Calculate column densities
o Rahmati et al. (2013) (SS)
o Wijers et al. (2019)

> Convert column densities to
units of pc cm-3
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The DM 4ic of most
FRBs at low redshift
appear to be 2 — 30
sigma above the
mean.

FRBs with High DM:
FRB 190608
FRB 200430 |
FRB 191001 T 4+ Repeater
FRB 190714 : Non-Repeater |
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The DM 4ic of most
FRBs at low redshift

appear to be 2 — 30 FRB 190608
sigma above the ‘
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FRBs with High DM:
FRB 190608
FRB 200430 |
FRB 191001 T 4+ Repeater
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IGM Density Reconstruction Towards FRB 190608
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FRB 190608 intersects overdense IGM filaments along A
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Batten et al. in prep.

EAGLE Simulations varying AGN feedback

& RefLOO5S0ONO752 Reference Simulation

® NoAGN No Active Galactic Nuclei

& AGNAT? More Efficient AGN Feedback
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FRBs as Probes of Galaxy Feedback
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Main difference
between models is
in the standard
deviation around
the mean!
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How many localised FRBs do we need?
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Summary:

o Fast Radio Bursts provide a new way to probe the electron/baryon distribution in the IGM.
o Batten+2021: The Cosmic Dispersion Measure in EAGLE (MNRAS, Volume 505, Issue 4)
= | used the EAGLE simulations to calculate DM-z relation and the scatter around it.
= Large scatter around relation, with extremely skewed PDFs at low redshifts.
= Most low redshift FRBs lie in the 2 - 30 confidence intervals.
= Indicates intersection with IGM filaments, or possibly high host/source contributions.
o Batten+ in prep.: The Dispersion Measure of FRBs as probes of AGN feedback
= The mean DM-z relation is very robust against different AGN feedback.
= |t appears that the scatter around the DM-z relation might be able to probe galaxy feedback.
= Approx. 2000 localised FRBs are needed between z = 0.5 - 1 to constrain AGN feedback.

= Need more large box simulations required with different galaxy feedback prescriptions.
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