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o Density ～ 1 particle per cubic meter

o Temperature ～ 1 × 10# K

➽ Lack of favourable UV/Optical 
transition lines. Hard to observe!!!

The Missing Baryon Problem:
～ 30% of baryons at low redshift 
appear to be missing!

Problems Observing the Intergalactic Medium

Shull et al. (2012)
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DM = DM&' + DM()*+,((z) +
DM-)*.

1 + z

Milky Way Host Galaxy/Local 
Environment

DM()*+,( z = DM/0& z + DM10&,/3.456)745*

Intergalactic 
Medium

The CGM of Galaxies 
along the line-of-sight
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FRBs and the Missing Baryon Problem
Macquart et al. (2020)
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Ø Hydrodynamics + Nbody
Ø Large cosmological volume (100 cMpc)
Ø Redshift range (z～127 to z = 0)

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

Ø Resolution: ～ 0.7 ckpc
Ø Particle Masses: ～ 106 M⊙
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Ø Divide cube into columns
Ø Calculate column densities
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Ø Divide cube into columns
Ø Calculate column densities

o Rahmati et al. (2013) (SS) 
o Wijers et al. (2019)

Ø Convert column densities to 
units of pc cm–3

HII HeII HeIII

32,000
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Local 
Observer
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The 𝐃𝐌𝐜𝐨𝐬𝐦𝐢𝐜 of most 
FRBs at low redshift 
appear to be 𝟐 − 𝟑𝝈
sigma above the 
mean.
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FRB 190608

Simha et. al 2020

IGM Density Reconstruction Towards FRB 190608
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FRB 190608

Simha et. al 2020

IGM Density Reconstruction Towards FRB 190608

FRB 190608 intersects overdense IGM filaments along 
the line of sight!
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Mapping Foreground Large Scale Structure in FRB Fields

Credit: KG Lee
Using 2df on the AAT to follow up these FRBs and 
perform IGM reconstructions.
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Mean DM-z Relation 
extremely robust to 
changes in galaxy 
feedback! 
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Main difference 
between models is 
in the standard 
deviation around 
the mean!
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How many localized FRBs do we need?
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(Between redshift z = 0.5 – 1)

How many localized FRBs do we need?



Summary:
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EAGLE 
L0100N1504

Post Process Snapshots
> Self Shielding (Rahmati et al. 2013)
> Column Densities (Wijers et al. 2019)
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