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FRBõs dispersion measure(DM)

Thedispersion measure of FRB DM-z relation , 

Timedelay and DM
?~ ᾀ relations 

mass fraction of baryons

 in the IGM 

Zoom-in simulation
Large-scale simulation

AGN feedbackeffect

Ὢ  Ὢ  Ὢ

Macquart  et al., 2020SNRsimulation
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Foreground Galaxies Survey

Simha et al , 2023
Zoomed-ŔŰШыΡ҅Ш× Ρ҅ьШŉŔĲũĬƚШŉŸƖШŉŸƨƖШ[Å7ШƚŔŊőƣũŔŰĲƚШ

Estimates of ἎἙἫἷἻἵἱἫ for the FRB sightlines vs redshift  

Well explained by foreground data 

Reason? 
Å Dwarf galaxy? (large-aperture: e. g., LSST)
Å Excess of $- ?

Foreground data enable FRB cosmology more accurate!
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Simha et al , 2023



The CHIME/FRB Collaboration et al.2025

Host
Galaxies
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Cosmological Hydrodynamic Simulation Data

Cosmological and Simulation Parameters for Different Box Sizes

CROCODILE: GADGET3/4-Osaka SPH simulation
25f 500n

100f 100n

50f 50n

LSS Simulation 5

Nagamine et al. 2021; Oku et al. 2022;Fukushima et al. 2023; Romano et al. 2022a,b; 
Oku & Nagamine 2024; Tomaru et al. 2025



DM-z relation
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Fiducial

NoBH

$- ωσφȢτ ƓĦШĦů  

$- ωςχȢςυ ƓĦШĦů

Grid data : 100 Mpc Box
Boxresolution: ςυφ cubes
Redshift: 0-1.0
Sightline number: ρππππ ρππ ρππ
Light-cone resolution: 400 intervals

Ú ρÚ π



Ὢ  Constraints

DM-z relation:
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Ὢ πȢψφυȢ
Ȣ  (Fiducial)

Ὢ πȢψυφ Ȣ
Ȣ  (NoBH)

AGNjet feedback?
Radiative transfer

Small difference

15 localized FRB (ȰὪ ȱ = 0.857 πȢπφ)
22 localized FRB (ȰὪ ȱ =πȢψσ πȢπφ)



DM v.s. Impact parameter (100 Mpc)

Halo center

Halob

2Ὑ
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Connor: FRB 20220914A (Host , ρπȢ  ὓṩ)
        Observation

K. G. Lee: FRB20190520B (Foreground, ρπȢ

ǪρπȢ  ὓṩ ) Model Assumption
 

ρπȢ ρπȢὓṩ
 The largest difference mass range
  between AGN and NoAGN

Strong CGMтIGM BaryonRedistribution

Medlock et al., 2023 
ρπ ρπὓṩ 
Simulation (Simba, 
TNG, Astrid)

Connor: FRB 20220905G 
(Host,ρπȢ ὓṩ) Obser.  



Redshift evolution of Ὢ  and Intrinsic  Ὢ  

Fitting models:

Convergence PL Exponential  Model (CPL-Exp):
Ὢᾀ ρ ÅØÐ‖ᾀ †

Doulbe Power-Law Exponential  Model (DPL-Exp):
Ὢᾀ ρ ÅØÐ‖ᾀ †

Ὢ ȡ         :Fiducial        :NoBH   
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FOF

(Ὢ ᾀ)

(Ὢ ᾀ)

FoF Halo:         (Fiducial)           (NoBH)   
Ὢ :



Dwarf Galaxy

Zoom-in analysis for host galaxy

MW-like Galaxy  (AGORA)

Galaxy Cluster 10Fukushima et al. 2023 

Tomaruet al. 2025.

Ὠ  = 580 kpc

Ὠ  = 194 kpc

Ὠ  = 
1.86 Mpc

Roca-Fàbrega et al.2021, 2024

Median $- ~  τȢρσȟρφσȢυσȟρφχπȢρχ ƓĦШĦů  for Dwarf, MW-like and GalCluster
Center case:

10000LOS



Significant source contribution to FRB DM and RM

DM predicted redshift at ᾀͯπȢυ 
2- ρψφȢρ ÒÁÄ Í
Predicted 2- ρψ ÒÁÄ Í
Predicted 2- φ ÒÁÄ Í
Predicted 2- Ḻ2-

$- φςσȢσπ ÐÃ ÃÍ

Masui+2015

FRB 110523

ἠἙ ыΥЮΝШ ρπ ƖċĬШů Шь 
╓◑ 7᷆ыũьѐ▪▄■

◑■
▀■ 

Michilli+2015

FRB 121102

FRB 190520B

Nui+2022 Lee+2023

Sourceexcess or
 foreground galaxies? 
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Not a strong case anymore



Evolution of FRB $-  or 2-
FRB 121102

FRB 201124A 

PeriodicRM 
Variation
Sign-change?

RM Decrease

DM Decrease

Niu+2025

FRB 190520B

Supernova remnant (SNR)?

Magnetar windnebula
(MWN) ? Michilli+2015

Wang+2021 

DMnot
change?

12

$-

Ὠὸ
ͯ ρςȢτ ÐÃ ÃÍ ÙÒ



Previous Work on SNR-FRB (ED-stage)
Piro2016 Å Uniform ISM (constant density).

$- ὲɝ2 ὲ ὓ Ⱦτ“Ὑ‘ά ɝ2 2 2 ÆÕÌÌÙ ÉÏÎÉÚÅÄ

Yang&Zhang 2017

Piro&Gaensler 2018
Å Uniform ISM and wind (ⱬᶿ►ϖό)
Å Shocked Ionized layer Ὑ Ὑ ᶿὸȾ  (ED ),2 2ȡ shocked ISM

Fully IonizedEjecta

Fully IonizedEjecta

ShockedIonizedEjecta

ὲ ὓ Ⱦτ“Ὑɝ2 ‘ά  (Thin shell approximation))

Uniform case

Wind case

Zhao+2021a,b
ShockedIonizedEjecta + unshocked Ejecta

Self-Similar Driven wave (SSDW)

ύ πͯȢρȟÓ ςȟÎ ρπ

13Truelove& Mckee 1999



2. 1D-SNR Simulation Code (with Gaku, Herman et al.)

Supernova Remnant and Shock Hydrodynamics ChN (cr-hydro-NEI):

Conservation of Momentum Flux: 

ÅљΜњаШfar upstream (ὼ  Њ)
ÅљΝњаШimmediately upstream (ὼ π )
ÅљΞњаШimmediately upstream (ὼ π )

ὖ ȟ: Pressure from any pre-existing seed CR protons 

ὖȟ: Pressure of pre-existing magnetic turbulence 
 
ὖὼ: Gas pressure at any ὼ  π in the precursor region 

ὖ ὼ: Magnetic pressure in the precursor region 

Diffusive Shock Acceleration(DSA)  ὖ ὼ π 

ὖ ὼ: The pressure from the accelerated protons in the precursor 

ὖȟ ”όȾ‎ὓ : Ambient Gas Pressure

Cosmic ray Non-equilibrium Ionization
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Ellison+17, Patnaude+10, Lee+12,13,14,15, Jacovi+21, Court+21, Kawashima+in prep.

NLDSA



Data sets

ὓ ȡ zero-age -main-sequence mass
ɝὓ ȡ wind loss mass
ɝὓ ȡ mass loss from Rhoche-lobe outflow
ὓ ȡ remnant mass or compact object mass
ὓ ȡ ejecta mass 

ὓ ὓ ɝὓ ɝὓ ὓ Densityand wind velocity evolution

” (Single) ὠ (Single)

” (Binary) ὠ (Binary)

Datasets

11 ὓṩ:

Single

Binary
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DM evolution with different components

DMevolution
Components contibute to DM

Single > Binary

Ushocked  ejecta dominate the early phase
CSM  matters in late phase (especiall in 11ὓṩ )
Shocked region is neligible (show NEI effect) 16



Optical Depth evolution

11ὓṩ 3πὓṩ

11ὓṩ single: ὸ ρͯχ yr

11ὓṩ single: always transparent

30ὓṩ single: ὸ ςͯψ yr

30ὓṩ single: ὸ ρͯχ yr 17



DM timederivatives constrained by FRB 190529B

σπ ὓṩ binary: ὸ ςσȢπ ÙÒὸ

σπ ὓṩ single: ὸ ςψȢπ ÙÒ ὸΝΝШὓṩ single: ὸ ςψȢπ ÙÒὸ

ρρὓṩ binary: ὸ ψȢπ ÙÒὸ

FRB can escape from allof them 18

11ὓṩ 3πὓṩ

$-

Ὠὸ
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11ὓṩ binary 11ὓṩ single



$- ςͯςρȢσÐÃ ÃÍ from σπ ὓṩ single

Comparison with analytical model

$- τͯυȢφ ÐÃ ÃÍ from ρρ ὓṩ binary

19$-

ςψȢπ ÙÒ
ψȢπ ÙÒ



Summary

Probing cosmic baryons from FRB DM analysis based on CROCODILE simulation:
ÅConstructed light cone data using  CROCODILE dataset
Å  Ὢ πȢψφυȢ

Ȣ  (Fiducial) and Ὢ πȢψυφ Ȣ
Ȣ  (NoBH) 

Å Examined the DM-b relation for foreground galaxy contibution
Å Estimated the intrinsicὪ  evolution by deducting halo gas. 
ÅDM distribution of  Host Galxies in diffenrt types and locations

Local FRB Environments and DM Evolution based on SNR simulation analysis:
Å DM and † evolution of 11 and 30 ὓṩ progenitors in both single and binary channels.
Å DM contribution varies substantially from different channels.
Å$-  is dominated by the unshocked ejecta and CSM matters in later time.
ÅFRB 20190520B can escape in all cases and give different DM constraints
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FRB 20240304B ([ŸƖĲŊƖŸƨŰĬ)
Virgo Cluster  
(ρπȢͯ ὓṩ, b πȢω ὶ )
Caleb+20252025

Caleb et al. 2025
JWST loclization

DM-z relation

AGN-sensitive

An FRB at z ~ 2.15 crossing the Virgo Cluster (latest)

Cosmologybased on high-redshift FRBs

AGN effects: ᾀͯς τ

z ~ 2.15



Cw.Ωǎ ŀǇǇƭƛŎŀǘƛƻƴ ƻƴ wŜƛƻƴƛȊŀǘƛƻƴ 9Ǌŀ 

Oku & Cen 2025

Inside-out reionization
scenario: 
Å Traditional
Å Stellar sources or 

proto-galaxies
Å CGMO  IGM
Å Slow

FRB DM-z relation will be 
significantly different between
 different reionization scenarios

Hydrodynamical simulation at Reionization Era

Neutral hydrogen abundance during 
Reionzation era

Oku & Cen 2025

Simulation: Prediction
Obser.: ᾀ φȡ DS-2000 or better telescope?

outside-in reionization
scenario: 
Å Denseregion

(self-shielded)
Å AGN-driven (Quasar)
Å IGM  OCGM
Å Fast 


