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FRB’s dispersion measure (DM)
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Foreground Galaxies Survey

Well explained by foreground data
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Cosmological Hydrodynamic Simulation Data

CROCODILE: GADGET3/4-Osaka SPH simulation
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Hubble Parameter H, 67.74kms—! Mpc™" A : o
" 10 15 20 0 100 200 300 400 500
Matter Density Qi 0.31 100f X [h~1 cMpc] 100n X [h- cMpc]
Dark Energy Density Qa 0.69 I—— 101 m— -
Baryon Density 2, 0.04889 - —
Q o
104 %‘ 104 %
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DM-z relation

Grid data : 100 Mpc Box opershiee
Box resolution: 2563 cubes D G

Redshift: 0-1.0
Sightline number: 10000 (100 x 100)
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faire Constraints
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DM v.s. Impact parameter (100 Mpc)

Halo center
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Redshift evolution of fjifr and Intrinsic figm
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Fitting models:

Doulbe Power-Law Exponential Model (DPL-Exp):
f(2) =1 —exp(—x(z¥ + 1)) (ficm(2))

Convergence PL Exponential Model (CPL-Exp):
f(2) =1 —exp(—k(z + D)) (fairr(2))



Z.oom-in analysis for host galaxy
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Significant source contribution to FRB DM and RM
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Evolution of FRB DM¢,yrce OF RMgource
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Previous Work on SNR-FRB (ED-stage)
Per 201 6 * Uniform ISM (constant density).

DM = n,AR 71, = M¢j/(4nRyu,m,) AR =Ry, — R, (fully ionized)
Fully lonized Ejecta

Ya ng&Zha ng 20 1 7 ne = Mej/(4TR;AR pem,,) (Thin shell approximation)

DMgnr (t) =~ 2.6 x 10*nM? E5* tw2 pc cm ™3

Fully lonized Ejecta

 Uniform ISM and wind (p « r7%)
« Shocked lonized layer ( ) o t5/2 (ED), Ry, — R,: shocked ISM

Piro&Gaensler 2018

Shocked lonized Ejecta

/hao+2021a,b

Shocked lonized Ejecta +

Self-Similar Driven wave (SSDW)
Weore~0.1,s = 2,n =10

DMgnr(t) = 52.6 ( a ) Ex M ny/? 112 pe em ™3 Uniform case
e

DMgnr(t) &~ 1.3x10% pt B4 MD/* K123/ ¥ Wind case

f(W)_ fo: 0<w < Weore
ﬁ)(wcorc /W)n Weore S W < 1

Truelove& Mckee 1999



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

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

Ellison+17, Patnaude+10, Lee+12,13,14,15, Jacovi+21, Court+21, Kawashima+in prep.

Conservation of Momentum Flux:

poul + Pyo + Pcroo + Puo = p(x)u(x)? + Py(x)

+ PCR(.I) + Pu.!(x) . (1)

“0”: far upstream (x = —o0)
« “1”:immediately upstream (x =
e “2”7:immediately upstream (x =

Py o

Pcr o: Pressure from any pre-existing seed CR protons

= pous/ (ygMy): Ambient Gas Pressure

P, o: Pressure of pre-existing magnetic turbulence

B
=
=7
F
£

Py(x): Gas pressure atany x < 0in the precursor region

Pcr(x): The pressure from the accelerated protons in the precursor

P, (x): Magnetic pressure in the precursor region



Datasets

Table 1. Summary of single-star and binary-stripped progenitor models.

Channel IWZAMS Aﬂ-—fwind AﬂfRLQF ﬂ-iirej ESN ﬂ-frem Fate
(Mo)  (Mo) (Mo)  (Mo) (10°" erg) (Mo)

Single 11 1.64 - 7.83 1.0 1.63 NS
Binary 11 0.70 7.12 1.81 1.0 1.62 NS
Single 30 15.74 - 12.27 1.0 1.99 NS
Binary 30 7.50 10.94 9.85 1.0 1.71 NS

Data sets

M, 4050 ZEFO-age -main-sequence mass
AM,,ing: wind loss mass

AMp;or: mass loss from Rhoche-lobe outflow
M . : remnant mass or compact object mass
M,;: ejecta mass

Mej = Mzams — AMying — AMgror — Mrem

Density and wind velocity evolution



DM evolution with different components
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Optical Depth evolution
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DM time derivatives constrained by FRB 190529B
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Comparison with analytical model

30 M, Single (Mej=12.27)

—-—— Upper limit (full ionization)

- Simulation (full region)
Yang&Zhang17: fully-ionized
Piro+18: shocked ionized
Piro+18: wind case
Zhao+21: wind case (SSDW)

FRB 190520B (~221.3pccm™3)
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Upper limit (full ionization)
Simulation (full region)
Yang&Zhang17: fully-ionized
Piro+18: shocked ionized
Piro+18: wind case
Zhao+21: wind case (SSDW)

FRB 190520B (~45.6 pccm ™)

11 M4 Binary (MLj=1.81)
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Summary

Probing cosmic baryons from FRB DM analysis based on CROCODILE simulation:

Constructed data using CROCODILE dataset

(Fiducial) and NoBH)
Examined the DM-b relation for foreground galaxy contibution
Estimated the intrinsic evolution by deducting halo gas.
DM distribution of in diffenrt types and locations

Local FRB Environments and DM Evolution based on SNR simulation analysis:

DM and 7 evolution of 171 and 20 M, progenitors in both and channels.
DM contribution from different channels.
DMg¢png is dominated by the and CSM matters in later time.

FRB 20190520B in all cases and give different DM constraints



Cosmology based on high-redshift FRBs

A)

AGN effects: z~2 — 4

B)

1104849 S

Caleb+2025
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FRB’s application on Reionization Era

reionization
scenario:
Cthis Work  Traditional
Cchen20 « Stellar sources or
proto-galaxies
« CGM-IGM
 Slow

Y (comoving Mpc)

Y (comoving Mpc)

outside-in reionization

scenario:

* Dense region
(self-shielded)

* AGN-driven (Quasar)

* IGM- CGM
Neutral hydrogen abundance during e Fast

Reionzation era
Oku & Cen 2025
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FRB DM-z relation will be
significantly different between
different reionization scenarios
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Hydrodynamical simulation at Reionization Era Obser.: z > 6: DS-2000 or better telescope?
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Prospects of SNR-FRB work

. e
RM analysis: By = 3B + B2 RMgource |
(Based on cr-MHD .
SNR simulation) _ Ilu"E;:r'{l — ftamp) ol ("1 — U(x)? ) . B2
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