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Modeling the dispersion
measure—redshift relation for
fast radio bursts

Eduard Fernando Piratova-Moreno** and Luz Angela Garcia?

'Fundacion Universitaria Los Libertadores, Bogota, Colombia, Universidad ECCI, Bogota, Colombia

This theoretical work investigates different models to predict the redshift of
fast radio bursts (FRBs) from their observed dispersion measure (DM) and other
reported properties. We performed an extended revision of the FRBs with
confirmed galaxy hosts in the literature and built the most updated catalog to
date. With this sample of FRBs, we propose four models that relate the DM and
z: a linear trend (inspired by the Macquart relation), a log-parabolic function,
a power law, and an interpolation for DM that includes z and the position of
the host galaxy of the transient. The latter model has the highest success rate
according to the metrics implemented: likelihood, median of the z difference,
and the Akaike and Bayesian information criteria. Although the performance of
model D is closely followed by the power law and linear models, the former has
the advantage of accounting for anisotropies in the dispersion measure due to
the angular coordinates. Conversely, the log-parabolic formula performs poorly
in this task but provides a good prediction for FRBs with low DM at a low redshift.
Additionally, we use the reported galaxy properties of the hosts to establish a
connection between the observed DM with the star formation rate (SFR) and
stellar mass (M) of the galaxies where the FRBs reside. In both cases, we find
a weak correlation. Although the studied correlations are well-motivated, the
sample of FRBs is not statistically significant enough to draw solid conclusions
in this second part of our work. With the advent of new facilities devoted to
studying the localization and nature of these transients, we will get access to new
data that will enrich the proposed models and give us hints on the astrophysical
origin and evolution of FRBs.
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1 Introduction

Fast radio bursts (FRBs) are bright radio transients with a typical fluence rate of >
1 Jy per millisecond. Since the first discovery of the first FRB in 2007 by Lorimer et al.
(2007), there have been thousands of reports of these transients (Petroffetal., 2016;
Collaboration et al., 2021), yet their astrophysical origin is still elusive to astronomers
(Keane et al., 2012; Thornton et al., 2013). A likely cause of an FRB explosion is a magnetar
(Bochenek et al., 2020; Wang et al., 2022), a highly magnetized neutron star produced by a
core-collapse supernova explosion. However, this hypothesis is still under debate mainly
because of the detection of repeater FRBs, which are signals that show a recurrence in
time. The first repeating transient, FRB20121102A, opened the question of whether there
is a bimodal population of FRBs with repeating and non-repeating signals and, if so, what
astrophysical processes drive such diversity in these objects (Palaniswamy etal., 2018).
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However, recent statistical probes made with data from the Canadian
Hydrogen Intensity Mapping Experiment (CHIME)/FRB events do
not show a clear bimodality between the repetition rates of repeaters
and nonrepeating sources (Collaboration et al., 2023).

The dispersion measure (DM) is one of the main observables
studied for these radio signals. It is defined as the integrated column
density of the free electrons along the sight line (Niino, 2020).
The DM is calculated as the delay between the highest and lowest
frequencies of the burst, caused by the scattering of the signal due
to the matter content of the different environments that light has to
go through in its path to our detectors. The observed DM is the sum
of various contributions with different astrophysical origins: DM,
(dispersion due to the FRB host galaxy), an additional contribution
due to the intergalactic medium (IGM; in the literature, it is found

interchangeably as DM, or DM , and the dispersion of light

cosmic)

emitted by the transient due to our own Milky Way, DM,y

DMhost
(1+2)°

DM, = DMy + DMy + (1)

To date, about 50 of these FRBs have been localized, and
their parent galaxies have been observed at different wavelengths,
providing astronomers with more tools to characterize these
transients and reveal their nature and origin. Nonetheless,
identifying the FRB host galaxy is still quite challenging and
demands efforts on multiple fronts due to their randomness and
ultra-short duration; thus, the study of FRB redshift models from
the observed dispersion measure is a pressing matter. Macquart et al.
(2020) proposed a DM~z relation (the so-called Macquart relation),
and since then, other works have updated the relation with new
localized FRBs (Cui et al., 2022; Baptista et al., 2023). A different
program was devoted to quantifying the components of the
dispersion measure from the intergalactic medium (IGM; (Pol et al.,
2019; Batten et al., 2021; Medlock and Cen, 2021; Zhang et al., 2021;
Zhuand Feng, 2021; Mo et al., 2023)) or the host galaxy (Jaroszynski,
2020; Zhang et al., 2020; Wang and Yu, 2023) using hydrodynamical
simulations. Similarly, Bhattacharya et al. (2021) used a Monte Carlo
approach to model the possible dependences of the FRB populations
on the star formation rate as a function of redshift z or spatial density.
On the other hand, Xu et al. (2021) pointed out the presence of large
fluctuations in the observed dispersion measure at similar redshifts
in the first release of the CHIME catalog (Collaboration et al., 2021),
which may indicate that the DM-z relationship needs to take into
account angular dependences and not only the radial distance
from the FRB to the observer. The latter effect is likely due to the
distinctive paths the FRB light crosses through the intergalactic
medium and its specific electron density.

This work builds on these efforts and presents several models
that relate DM (and other FRB physical properties) with their
confirmed redshift. We aim to provide a robust method to
predict transients’ redshift and help astronomers program their
observational campaigns.

The remainder of this paper is arranged as follows: § 2 presents
the FRB catalog used throughout the paper. Section 3 offers different
models to relate DM-z: a linear trend (an extension of the Macquart
relation), a log-parabolic function, a power-law functional form,
and a novel approach that explores DM = DM (z, RA, and
DEC). In addition, we show the predictions for the known z
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value and evaluate the goodness of the models with the median
of the differences in z, the likelihood, and Akaike and Bayesian
information criteria. Finally, we introduce two possible correlations
of the galaxy properties with the observed DM beyond z. In
Section 4, we summarize our findings and discuss the caveats of
the models.

2 FRB catalog

We set up an FRB catalog from the Transient Name Server (TNS)
(Yaron et al., 2020) updated to February 21, 2024. The set of FRBs
contains 941 entries and 34 variables. Nonetheless, we only focus on
the following properties: the name of the FRB, the position in the sky
of the object (RA and DEC), whether the FRB is a repeater or not,
the dispersion measure and its error (DM +ADM), the telescope that
made the detection of the transient, the associated reference for each
object, and last but not least, if the FRB has a known galaxy host, in
addition to other physical properties of the FRB.

With the FRB host information, we create a subsample of FRBs
with a confirmed galaxy host (thus, its redshift is known). There are
48 FRBs in this category, but only 24 FRBs are unique since 8 of
these instances are repeaters. We treat the repeating FRBs as the same
object and take the mean DM for each transient. The resulting FRB
subsample is presented in Table 1.

It is worth noting that FRBs with the t symbol in Table 1
correspond to transients whose optical counterparts are galaxy
clusters, not single galaxies.

3 FRB redshift estimates from the
dispersion measure

3.1 DM-z relationship

Based on the observed dispersion measure (and ADM) of
the 22 known FRBs with galaxy hosts, we exclude the last
two FRBs presented in Table 1, whose hosts are galaxy clusters.
We explore different models to infer the FRB redshift and the
corresponding error.

Model A:

The simplest model to find an estimated redshift from DM is
through a linear relationship, a reasonable assumption since the
dispersion measure is an indicator of the distance, and the distance
grows linearly with z at a low redshift. This functional form was
first presented by Macquart et al. (2020), and subsequent work in
this direction was done by Cui et al. (2022). The linear model is
summarized using the following relationship:

DM = az+b. 2)

The best-fit parameters for the linear model are a=
1021.36 pc/cm3 and b =221.99 pc/cm3. We show the DM-redshift
relationship with model A in Figure 1.

Interestingly, Figure 1 demonstrates that our constraint for the
slope in model A is quite close to the value from the Macquart
relation, despite the latter being proposed with a third of the data
used in this document.
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TABLE 1 List of FRBs with known galaxy hosts to date. Columns 1 to 6 correspond to the name of the FRB, right ascension, declination, DM, the error of
the DM, and the reference associated with the reported FRB. The redshift and redshift errors of the optical counterpart of each FRB are presented in
columns 7 and 8. Columns 9 to 11 show whether the FRB is a repeater, the peak flux, and the time width of each transient. The information in the last
two columns was taken from https://www.herta-experiment.org/frbstats/catalogue since most publications report either the inferred fluence or one
of the two properties of the FRB.

FRB RAfrg | DECirp DM ADM Reference  z,.q AZp o6 Repeater Peak Width
flux

(deg) (deg)  (pc/cm?) | (pc/cm?) (Jy) (ms)

20121102A | 82.9946 33.1479 557.0 2.0 Petroff et al. 0.1927 - Y 1,375 557
(2016)

20171020A | 333.75 ~19.6667 114.1 02 Lee- 0.008672 - N 1,297 114.1
Waddell et al.
(2023)

20180301A | 93.2292 46711 536.0 5.0 Bhandarietal. | 0.3305 - Y 1,352 522
(2022)

20180916B | 29.5031 65.7168 348.8 1.62 Heintz et al. 0.0337 - Y 603.9 347.8
(2020)

20180924B | 3261052 | —40.9000 362.16 0.06 Heintz et al. 03214 - N 1,320 361.42
(2020)

20181030A 163.2 73.74 103.5 1.62 Bhardwaj etal. | 0.0039 - Y 703.7 101.9
(2021)

20181112A | 327.3485 | -52.9709 589.0 0.03 Heintz et al. 04755 - N 1,272.5 589.27
(2020)

20190102C | 3224157 | -79.4757 364.545 03 Heintz et al. 02913 - N 1,320 363.6
(2020)

201905208 | 240.5167 | -11.2883 1204.7 40 Niu et al. 0.241 0.001 Y 1,375 1,202
(2022)

20190523A | 207.0650 72.4697 760.8 0.6 Heintz et al. 0.66 2.0 N 1,411 760.8
(2020)

20190608B | 334.0199 ~7.8982 340.05 0.5 Heintz et al. 0.1178 - N 1,320 338.7
(2020)

20190611B | 320.7455  -79.3976 332.63 0.2 Heintz et al. 03778 - N 1,320 3214
(2020)

20190711A | 329.4195  -80.3580 592.6 0.4 Heintz et al. 0.5217 - Y 1,272.5 593.1
(2020)

20190714A | 1839797 | -13.0210 504.13 2.0 Heintz et al. 0.2365 - N 1,272.5 504
(2020)

20191001A | 323.0 ~54.6667 507.9 0.04 Petroff et al. 0.234 - N 920.5 506.92
(2016)

20191228A | 3444292 | -29.5942 297.5 0.05 Bhandarietal. | 0.2432 - N 1,272.5 297.9
(2022)

20200120E | 14625 68.77 87.82 1.62 Nimmo et al. 0.00014 - Y 600 88.96
(2023)

20200430A | 229.7064 12.3769 380.1 04 Heintz et al. 0.1608 - N 864.5 380.1
(2020)

20200906A | 53.4958 ~14.0831 577.8 02 Bhandarietal. | 0.3688 - N 864.5 577.8
(2022)

(Continued on the following page)
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TABLE 1 (Continued) List of FRBs with known galaxy hosts to date. Columns 1 to 6 correspond to the name of the FRB, right ascension, declination,
DM, the error of the DM, and the reference associated with the reported FRB. The redshift and redshift errors of the optical counterpart of each FRB are
presented in columns 7 and 8. Columns 9 to 11 show whether the FRB is a repeater, the peak flux, and the time width of each transient. The information
in the last two columns was taken from https://www.herta-experiment.org/frbstats/catalogue since most publications report either the inferred
fluence or one of the two properties of the FRB.

FRB RAfrg | DECigg DM ADM Reference  zj . AZp oot Repeater Peak
flux
(deg) (deg)  (pc/cm3) | (pc/cm?d) Jy)
20201124A 76.99 26.19 413.52 3.23 Wang et al. 0.0979 - Y 600 410.83
(2022)
20210117A | 339.9792 -16.1517 728.95 0.36 Bhandari et al. 0.214 0.001 N 12715 730
(2023)
20220610A 351.0 -33.5167 1458.1 0.2 Gordon et al. 1.016 0.002 N 12715 1,458.1
(2023)
20220509G" | 282.6700 70.2438 269.53 10.0 Connor et al. 0.0894 - N - 270.26
(2023)
20220914A" 282.0568 73.3369 631.29 10.0 Connor et al. 0.1139 - N - 630.703
(2023)
The following two models assume that the IGM term is
subdominant in Eq. | in low dispersion measure detections, with 1500 pragee
a contribution of around 30% of the total DM (Zhu and Feng, Egg 1 e
2021). 1200 4
Model B: 1100
Inspired by works from Poletal. (2019) and Zhu and Feng 1000
(2021) that derive a log-parabolic function that relates DM, and 9001
S 800
z from numerical codes (MICE onion universe simulation and g 700-
RAMSES, respectively), we explore the following assumption: 0.3 Z 600
DM ~ DM, at low redshifts, with the latter term described by the 500 .
following function: 4001~ & <
300 ¢ lff’ . e FRBs Table1
) 500 4 7 Model A
logDM; ¢\, = a- (logz)” +b-logz +c. 3) s — Cuietal. 2022
100 —— Macquart relation
0 . . . . .
The parameters that best adjust to the observed data for this 0.0 02 04 i 06 08 10
function are a = 0.06, b = 0.52, and ¢ = 2.46. The resulting function
: : in Fi FIGURE 1
and comparison with the data are presented mn Flgure 2 DM-redshift relationship for localized FRBs predicted by the linear
Model C: model (refer to Eq. 2). Hereafter, the 22 FRBs reported in Table 1 are
Work from Zhang et al. (2020) and a recent adaptation to it with presented as black dots with their corresponding errors. The forecast
. from the linear model is shown as a continuous blue line, and the
Yu (202 - '
more FRBs by Wang and Yu (2023) prop(?sed a power-law function upper and lower limits are displayed using dashed lines. The Macquart
for DMy, As mentioned above, DM}, is not the only component relation is presented as a reference using a red line, and the
of the observed DM, but it is the dominant term for nearby FRBs. We relationship derived by Cui et al. (2022) is shown in dark red.
explore the first approximation that DM ~ DM, ., to build the DM-z

relationship. We stress that more realistic modeling must consider an
estimate for DM

DM = a(l +2)* + DM - (4)

It is worth mentioning that Wang and Yu (2023) modeled and
reported the contribution of DM,y for 22 FRBs depending on
the orientation and distance of the galaxy with respect to ours.
Assuming the mean of the values reported in Wang and Yu (2023),
we have set the value of DM,y = 40.68 pc/cm? in Eq. 4. The best-
fit parameters for the power-law model are a = 155.80 pc/cm® and
a = 4.58. The result for this model with the best parameters is
displayed in Figure 3.
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Model D:

In order to capture the fluctuations in the observed DM reported
by Xu et al. (2021), we formulate the last model. We aim to build a
function in spherical coordinates for the dispersion measure, DM =
DM(z, 6, ¢), using the pipeline below.

(i) Transforming the coordinates reported in Table 1 (z, RA, and
DEC) to spherical coordinates (z, 6, and ¢), such that ¢ =
90°— DEC.

(ii) Under the assumption that RA, DEC, and z are variables of
the scalar field DM, we create a function that interpolates
DM DM (z, 6, and ¢). The interpolation uses the

04 frontiersin.org
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FIGURE 2
DM-—redshift relationship for FRBs with known galaxy hosts in the

log parabolic model (see Eq. 3). As shown before, the FRBs are
presented as black dots, model B predictions are shown as a solid blue
line, and the upper and lower limits are displayed using dashed lines.

e FRBs Table 1 !
Model C !

DM (pc cm™3)

0.8 1.0

FIGURE 3
DM-redshift relationship for FRBs with known galaxy hosts in the

power-law model or model C, as described in Eq. 4. As shown before,
the confirmed FRBs are presented as black dots, the prediction from
model C is shown as a continuous blue line, and the upper and lower
limits are displayed using dashed lines.

method radial basis function (RBF), which best suits the
distribution of our dataset with 22 points. After testing
different bases offered by SciPy, we implemented the basis
cubic in the RBE.
(iii) With the interpolation mentioned above, we calculated DM
from z and the angular coordinates. Nevertheless, our primary
objective is to determine z for a given DM, which we will call
hereafter z;,,.

We define an error function Err = YN (Zhosi — Zintersi) > With
i running over the 22 known FRBs to find the interpolated

redshift z

inter-

(iv)

By minimizing the error function Err, we
are effectively inverting the interpolation and retrieving

zZ (DM, 6, and ¢). This final step requires tuning the

inter = Zinter
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starting value of the minimization process of the Err function,
z, (a free parameter of the model).

We repeat steps (i) to (iv) to calculate the upper and lower
values of the redshift errors Az, = Azy.(DM £fADM, 0,
and ¢). We introduce the factor fto have a non-negligible error

(v)

in z, taking into account that the interpolation produces an
extremely small numerical error. The factor fis the second free
parameter of this model.

The free parameters that warrant the minimum Err in the
interpolator are f= 3 and z, = 0.15. The interpolated values of z),
with their errors are reported in Table 2, along with predictions from
models A-C.

To measure the success rate of the models, we compute the
median of the redshift difference for each model as follows:

()

x= medlanlzpred;i - Zobs;il'

where z,,.q;; is the predicted redshift for each model. Additionally, we
calculate the likelihood £, the Akaike information criterion (AIC),

and the Bayesian information criterion (BIC) as follows:

N
1 2
L =exp 75 Z (Zpred;i - Zhost;i) (6)
i=1
The AIC is defined by the expression:
AIC = 2K -2InZ, @)

where K is the number of parameters of each model and L is the
likelihood calculated above. The models A to D have K = 2, 3, 2, and
2 free parameters, respectively.
The BIC is defined as
BIC = -2InL + K Inn. (8)
The parameter n represents the number of observations (in our case,
n=22).

In order to rank the proposed models, we demand three
conditions that need to be fulfilled simultaneously: i) the lowest
median of the redshift difference %, ii) the maximum likelihood
L, and the lowest values for the Akaike and Bayesian information
criteria. These metrics ensure that the model fits well with the
observed data, has the minimum difference between the observed
and predicted z for 50% of our sample, and also that the
model contains only the necessary number of free parameters
without over-fitting the data. Table 3 presents the results of the
applied metrics.

Revisiting the three criteria demanded to rank the performance
of the models, we found that model D (i.e., the interpolation)
has the best success rate at fitting the observed data since it
shows the largest likelihood while minimizing the AIC and BIC,
in addition to offering the smallest median difference between
the “true” and the predicted redshifts reported in Table 1. Models
C (the power law) and A (the Macquart relation) closely follow
the performance of model D, with similar results for the metrics
applied. Conversely, model B has minimal likelihood and poor
results for the Akaike and Bayesian information criteria. The latter
is a consequence of a small likelihood and the largest set of
free parameters.
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TABLE 2 Predictions of the FRB redshift given in the models. The first column shows the name of the FRB, the second column shows the redshift of the

host galaxy, and the third to sixth columns show the predicted redshifts with models A, B, C, and D with their corresponding errors.

FRB Zhost Zp Zg Zc Zp
20121102A 0.1927 0.3280"1372 0.3271*57521 0.3973*01%7 0.1384700172
20171020A 0.008672 - 0.002502922 - 0.2415*54001
20180301A 0.3305 0.307470:132 0.3006"0-33¢7 0.38127018% 0.10967 90453
20180916B 0.0337 0.12417555¢8 0.1091"5 252 0.209775 128 0.0886"0050
20180924B 0.3214 0.1372700501 0.11997 02850 0.2241*01339 0.2218*0.9501
201810304 0.0039 - 0.001470:3505 - 0.010675,0358
20181112A 0.4755 0.359301432 0.36950157 0.4129*02057 0.2571*09001
20190102C 0.2913 0.1396":5500 0.121975 255 0.2267751338 0.1056"0531
201905208 0.241+0.001 0.9621*926% 1.5429703%7 0.75330383 0.29407 09501
20190523A 0.66+2.0 0.5275*1779 0.63217332)8 0.5333*02191 0.2536" 05001
20190608B 0.1178 0.11560.95 0.1023*9.27% 0.2000791248 0.2374755001
20190611B 0.3778 0.1083*:057 0.0967"5-27¢3 0.1917701320 0.0943*5:05¢1
20190711A 0.5217 0.3628"0 11> 0.374470363 0.4235"0207 0.314475%00%
20190714A 0.2365 0.2762*01379 0.2621*97274 0.3558"0 1500 0.1741*99008
20191001A 0.234 0.2799751278 0.2665"0725 0.35887015:2 0.24507 5001
20191228A 0.2432 0.0739*0.08¢8 0.0722*92¢23 0.149770008¢ 0.345370120%
20200120E 0.00014 - 0.000426362 - 0.0007:3,0557
20200430A 0.1608 0.1548*010% 0.1351*0:20 0.24280 132 0.1859*0.292%
20200906A 0.3688 0.348470144 0.35447 03577 0.412879201 0.0930"5:0333
20201124A 0.0979 0.18757 0105 0.1656793972 0.2759791310 0.083270.928
20210117A 0.2140.001 0.49637 01708 0.5791*9387 0.5140"241 0.3732700001
20220610A 1.016+0.002 1210293126 2.1854793474 0.085247035 0.6717*55001

TABLE 3 Statistical metrics implemented to quantify the success rate of
each model’s predictions.

Metric Model A ‘ Model B Model C ‘ Model D

X 0.13 0.07 0.13 0.11

L 33.52 2.03x107° 218.94 433.22
AIC -3.02 27.61 -6.78 -8.14
BIC -0.84 30.88 —-4.60 -5.96

We find some insightful pointers on the performance of
the models based on the outcome from metrics (Thornton et al.,
2013)-(8) and Tables 2, 3. First, all the methods proposed have
some dispersion concerning the observed data. However, the
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interpolation and the power-law model are the ones that better fit
zppp compared with the log-parabolic models. It is worth noting
that the predicted redshift differs significantly with respect to the
true z for all models due to the small sample of known FRBs
that we included to build the models. The predictions from all
models will improve with more confirmed counterparts to the
observed FRBs.

On the other hand, the linear and power-law models
are susceptible to small values of DM, and they cannot
predict physical redshifts in a few instances (represented
by - in Table2). These cases are either a NAN or a
negative redshift.

Moreover, the model with the worst performance in
predicting the redshift for these FRBs is the log-parabolic
function. There are very large residuals for some zpzy and
zg, primarily due to the assumption that led us to propose
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TABLE 4 Redshifts predicted by the four models for FRBs hosted by
galaxy clusters.

FRB Zhost Z, ‘ zg ‘ Zc ‘ Zp
20220509G | 0.0894 | 0.0296*0075L | 0050509254 1 0.09297 0959 | 0.272979%0%
+0. 0.21 0.2176 0.000
20220914A | 0.1139  0.3943'01072 | 0419870341 | 0.4441702170 | 0.2831700001
3.4
e FRBsTable 1
3.27 — BestHit -
-
3.0
T sl :
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o - . ‘_. «®
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FIGURE 4
DM vs. SFR from the FRB and their galaxy hosts. The black data points
are the 22 FRBs with confirmed hosts, and the dark red line is the
functional form, as described in Eq. 9.

3.4

e FRBsTablel
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FIGURE 5
DM vs. stellar mass (M) from the FRB and their galaxy hosts. The black

data points are the 22 FRBs with a confirmed host, and the blue line is
the functional fit, as proposed in Eq. 10.

model B: that the observed DM could be described as a
fraction of DMgy. The latter hypothesis breaks down for
farther FRBs, in which DMg,, plays a more dominant role
in the total dispersion measure when the cosmic distance
significantly grows.
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Furthermore, we highlight that all models fail to predict data
points with large DM and small z, particularly for FRB20190520B
(DM 1204.7 pc/cm?). 'The log-parabolic model also fails
catastrophically to predict the latest data point included in
this study, which was reported recently by Gordon etal. (2023)
and Ryder etal. (2023). Nonetheless, models A, C, and D did
an excellent job anticipating this detection with a very high

z value.

Additionally, we remark on one strength of model D
compared with models A, B, and C: this is the only one
that can predict significant differences in the dispersion
measure from similar redshifts. Focus on the following
pairs of FRBs: 20180301A-20180924B (z,; ~ 0.32-0.33),
20190608B-20220914A (2,5 ~ 0.11), and in particular in
20191228A-20190520B (z,,; ~ 0.24); these pairs have quite
different reported DMs, but their host redshifts are quite close,
despite small changes in the decimal figures of the redshift. Unlike
the first three models presented in this document, model D captures
large fluctuations in the dispersion measure, a clear indication
that we need to include angular anisotropies (among other FRB
properties) to reconstruct the DM. Notably, the last pair mentioned
above have a factor 4 difference in their dispersion measures. Is this
massive ratio due to angular fluctuations in the FRB position? or are
there other properties responsible for it? For instance, 201905208
is a repeater but 20191228A is not. Is this latter feature relevant
to modeling the dispersion measure and, therefore, predicting the
true redshift?

We also report the predicted redshifts of the FRBs 20220509G
and 20220914A in Table 4. These two FRBs are hosted by
galaxy clusters instead of isolated galaxies. We remind the reader
that we take out these two data points from the sample of
FRBs to train the models since their physical properties might
differ from those of FRBs hosted in galaxies. Except for model
D which has very narrow error bars, models A-C predict
the true redshifts of these systems within the range defined
by the errors.

Finally, we highlight that improving the theoretical models by
adding physical complexity to them is critical to recovering the
variety of the transients. We will update our predictions and best-
fit parameters with incoming data from newly confirmed FRB
galaxy hosts.

3.2 Other properties of the galaxy hosts

Gordon et al. (2023) claimed that there is a strong connection
between FRBs and recent episodes of star formation in galaxies.
Thus, this could be a good indicator for galaxies hosting FRBs. We
explore this correlation for our current subsample of known FRBs in
Figure 4.

DM = a-SFRA. 9)

The best-fit parameters for the DM-SFR relationship are
a=10%639%0080) 3nd B = 0.015 + 0.106. There is a weak correlation in
the data, reflected in the best-fit line in Figure 4, mostly caused by the
very few observational data points reported to date. Nonetheless, it
is worth pursuing this proxy to characterize the environments where
FRBs occur.
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On the other hand, we examine a possible association between
the stellar mass of the putative galaxies and the observed
DM in Figure 5.

DM =c- (M,)". (10)

The best values of the function (Niino, 2020) are ¢ = 10(3-2560-868)
and y = —0.067 + 0.090. Although there is no clear reason why these
two variables should be linked at this point, further investigation
is needed to understand a weak negative correlation between the
dispersion measure exhibited by the transient and stellar mass of the
host galaxy.

4 Conclusion

We have presented the most updated catalog of FRBs with
confirmed galaxy hosts and their properties, along with four models
that relate the DM and redshift z. An accurate prediction of the
redshift of the transient is crucial since it allows us to improve the
search of the host galaxy and study the environment where these
signals are emitted.

All the models are physically motivated: the linear model (A)
is inspired by the Macquart relation. It assumes that DM should
be linear with z since the dispersion measure is a proxy for
the distance between the FRB and observer, and at least at low
redshift, z and the cosmological distances follow a proportional
relationship. Model B is formulated under the assumption that at
low redshift, the dispersion measure due to the IGM, DM;gy, is
about a third of the observed DM (established from theoretical
models); thus, we can use the functional form derived from
hydrodynamical simulations to describe the IGM and its effect
on the incoming FRB signal. Conversely, the third model adopts
an observed DM approximate to the DM, .. On the other hand,
model D explores an interpolation for the DM that considers
dependence on z,,, and the angular position where the FRB has
been detected. We examine this possibility guided by findings from
Xu et al. (2021) that reported large DM fluctuations in the sky at very
similar redshifts.

We implement the likelihood, the median difference of the
redshifts, and the Akaike and Bayesian information criteria to
measure the success rate of each model at predicting z,,, and
find that the most accurate method is model D, followed by
the power-law and linear models. Instead, the log-parabolic
model performs very poorly at predicting the true redshift,
primarily due to the underlying assumption that led us to
formulate it. We conclude that a realistic description of the
dispersion measure should consider the cosmic term (due to
the IGM), the host galaxy DM, and the contribution from the
Milky Way. Nonetheless, model B has good predicting power
for redshifts of nearby FRBs (i.e., at the low redshift and low-
DM regimes). We stress that all models will increase their
success rate with more z from FRBs with confirmed putative
host galaxies.

Finally, we investigate possible correlations between the
observed DM and other known properties of the host galaxies:
the SFR and their reported mass (M,). We found a very weak
correlation between the variables in the cases analyzed in this
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work. However, observational evidence indicates that detecting
FRBs would be preferred in active environments such as galaxies
with high star formation. Therefore, there is room for improvement
in this aspect, with an increasing number of FRBs detected
with current and future telescopes devoted to understanding
these transients.
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