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Abstract

Fast Radio Bursts (FRBs) interactions with electrons in the ionized plasma of the intergalactic medium
(IGM) produce a pulse dispersion described by classical plasma physics. The dispersion measure (DM)
increases with the electron column-density, which itself is a function of the redshift–distance Hubble-
Lemaître Law. This DM–redshift relation, or Macquart relation, probes the electron number-density
in the IGM. The Stimulated Transfer redshift (STz) is an effect that arises from a quantum interaction
of light with electrons. STz is also a function of the electron column-density but produces a photon
energy loss that is observed as a redshift. Because dispersion and STz both depend on the electron
column-density, a relationship between them can be expressed as a function that is independent of the
column-density but proportional to a redshift cross-section constant. We find that the calculated STz
cross-section agrees with the Macquart relation derived from 124 localized FRBs to better 5% accuracy.
Implications on the proportion of the cosmological redshift that is due to the STz effect are discussed.

Keywords: redshift; fast radio bursts; stimulated transfers; Macquart relation; static cosmology

1. Introduction
The Stimulated Transfer redshift (STz) is an effect that produces a new photon of reduced energy

after an incoming photon is backscattered by a free electron [1]. The effect is based on the pondero-
motive force, an interaction that produces a force on an electron by removing a photon from a light
beam and stimulating it into another. Due to momentum-recoil, the new photon is stimulated with less
energy than the original photon. A second-quantization calculation shows that the ponderomotive
force has diffusive effect on electrons for multiple light beams interacting independently [2]. The
electromagnetic field loses energy at a rate that produces a constant redshift ∆λ/λ, and stimulated
emission ensures that no light beam suffers any angular dispersion. These properties make STz
a unique effect that shares many similarities with the observed cosmological redshift without the
drawbacks of its controversial variant, the tired-light redshift [3].

From the redshift per stimulated transfers and the average electron number-density n̄e in the
intergalactic medium (IGM), we calculate a redshift cross-section Σz that describes the redshift produced
as radiation travels a distance dl through the IGM

dz
dl

≡ dλ/λ

dl
= Σzn̄e, (1)

where the redshift cross-section Σz = 2.735 × 10−26 m2 [2]. Solving Equation (1) yields a redshift–
distance relationship with a “Hubble constant”

Hz = cΣzn̄e (2)
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that is only a function of the electron number-density. Since the STz is a function of the number-
density of electrons of the IGM, the total redshift over a distance LIGM is a function of the electron
column-density Ne(LIGM).

From a theoretical point of view, an early semiclassical estimate of the STz cross-section yielded
the value 6.8 × 10−27 m2 [1], and semiclassical calculation for a similar effect yielded a cross-section
1.368 × 10−26 m2, [4]. It is therefore important to confirm experimentally the result of a second-
quantization calculation obtained in Ref. [2], which is expected to yield an exact value of Σz based on
fundamental constants.

Using ΛCDM determinations of the “early universe” H0[CMB] = 67.4 km/s/Mpc [5] and the
electron number-density1 n̄e[ΛCDM] = 0.23/m3 in Equation (2), the observational route yields a
cross section ΣΛCDM = H0/(cn̄e[ΛCDM]) ≈ 3.2 × 10−26 m2, a value that matches Σz to within 15%.
Therefore, the STz effect could be large enough to almost entirely explain the cosmological redshift [2]. This
justifies studying the effect in a static-Euclidean-STz framework, where the cosmological redshift is
entirely due to the STz effect without any contribution from space expansion. The above comparison
between Σz and ΣΛCDM is flawed since the cosmological parameters used to calculate ne suffers
from the missing baryon problem and the Hubble tension, producing an inaccuracy on the value of
ΣΛCDM as large as ∼50%. A more serious problem is that H0[CMB] and ne[ΛCDM] are derived within
the framework of a ΛCDM cosmology but interpreted in a static-Euclidean-STz cosmology for the
calculation of ΣΛCDM, two frameworks that are incommensurate [6] and cannot be integrated that way.
To test the prediction of Equation (1) with consistency, it is therefore necessary to analyze astrophysical
observations in the static-Euclidean-STz framework.

In this paper, we analyze fast radio burst (FRB) observations in the static-Euclidean-STz framework
to get a value of Σobs that is independent of the electron number-density. Only since 2024 has the
localization of FRBs to galactic hosts provided dispersion measures and redshift values for nearly one
hundred FRBs and more. This has been of significance for cosmology [7] as these measurements have
helped narrow down the value of a number of cosmological parameters [8–12] related to the electron
column-density.

Our analysis is based on two functional relationships: the Macquart relation [13] between disper-
sion measure and distance, and the Hubble-Lemaître Law between distance and redshift. The dispersion
measure in the static-Euclidean-STz framework is simply

DMIGM(LIGM) =
∫ LIGM

0
ne(l)dl = Ne(LIGM), (3)

where LIGM is the path length. We show that the STz effect produces a redshift z[STz] that is also
a function of the column density Ne(LIGM). The functional dependence of both DMIGM(LIGM) and
z[STz] on the electron density allows us to eliminate ne from the Macquart relation and obtain a
function that is only dependent on a constant Σz [14,15].

We use a data set of 124 FRBs and analyze the DM contributions from the IGM and from the host
galaxy DMhost. The latter is randomly scattered and is thought to follow a probability distribution
p(DMhost) described by a log-normal distribution [11–13,16], but more measurements will be necessary
to confirm this distribution. To extract the Macquart relation DMIGM(z) from random host dispersion
measures, we take advantage of the sharp rising edge of p(DMhost) near DMhost ≈ 0. This edge-fit
method mitigates the need to know the exact distribution at the expense of using a smaller subset of the
FRB data with DMhost. Despite using only a fraction of all available localized FRBs, the coefficient of
proportionality of the Macquart relation can be determined to a few percent accuracy. This analysis is
first done in the ΛCDM framework to confirm the reliability of the edge-fit method, and then repeated
for a static-Euclidean-STz (SE-STz) framework which yields a value for Σobs.

The rest of the paper is organized as follows: Section 2 gives a derivation of the dispersion
measure and the Macquart relation in the ΛCDM and SE-STz frameworks. In Section 3 the edge-fit

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 December 2025 doi:10.20944/preprints202512.0647.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202512.0647.v1
http://creativecommons.org/licenses/by/4.0/


3 of 16

method is applied to obtain an observational value for Σobs in the ΛCDM and SE-STz fameworks. The
results are discussed in Section 4.

2. Dispersion Measure and the Macquart Relation
2.1. Dispersion Measure

Plasma physics predicts a frequency dispersion proportional to the electron column-density. From
measurements of a delay time ∆t and frequencies of FRB signals, the observed dispersion measure
(DM) is calculated as

DMobs = 2π
4πϵ0

e2
mec

1/ν2
− − 1/ν2

+

∆t, (4)

where ϵ0 is the permittivity of vacuum, me is the mass of an electron, e its charge, c is the speed of
light in vacuum, and ν− and ν+ are the low and high frequencies of the measured pulses separated by
the delay.

The observed DM for FRBi is modeled as a sum of three different contributions

DMobs, i = DM∗
host, i + DM∗

IGM(zi) + DMMW(i), (5)

where DM∗
host, i is the contribution from the host galaxy and any gas local to the FRBi event [13], and

DM∗
IGM(zi) is the contribution from the IGM to a galaxy at redshift zi. Both DM∗

host, i and DM∗
IGM(zi)

are cosmology-model dependent contributions to the observed dispersion measure. The last term

DMMW(i) = DMISM(i) + DMhalo (6)

is the Milky Way’s contribution from the interstellar medium toward FRBi and the Milky Way halo,
respectively [10].

We lump the contributions from all halos, Milky Way, intersected halos in the IGM, and the halo
of the host, into the constant DMhalo, ignoring a possible directional and redshift dependence. A
broad range of values, DMhalo ∼ 30 − 80 pc/cm3, have been assumed in the literature [9,10,17], and
models [16,18] yield large uncertainties as their contribution is not entirely understood yet.

Since FRB events occur inside the host galaxy, and the DM is direction dependent for the Milky
Way, we assume that most of the variance on DMobs, i comes from the host’s DM. We justify this
assumption below.

The FRB data set used in this work is built from Ref. [11] augmented with the data from
Refs. [9,19,20]. The resulting data set is listed in Table A1. For each FRBi two values of DMISM(i)
are given, obtained from the NE2001 [21,22] and YMW16 [23] models of the Milky Way.

For each FRBi at redshift zi an extragalactic DM is defined as

DMEG(FRBi) ≡ DMobs, i − DMMW(i). (7)

Both NE2001 and YMW16 are included in the analysis as separate entries, giving us a data set
containing 248 entries. No FRB is excluded from this analysis.

From Equations (5) and (7) the contribution of DMhost to the observed DM is

DM∗
host, i = DMEG(FRBi)− DMIGM(zi), (8)

from which the local DMhost, i can be calculated separately for the ΛCDM and SE-STz frameworks.

2.2. Distribution of the Host’s Local Dispersion Measure

A log-normal distribution

p(x) =
1√

2π σx
exp

[
− (ln x − µ)2

2σ2

]
(9)
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is commonly used [11–13,16] to fit to the host DM distribution p
(

DMhost, i
)
. Here, x > 0 and the

parameters µ and σ are adjusted to provide the best least-squares fit to the data. The log-normal
distribution has a mode mo = exp(µ − σ2). We only use the mode and the coefficient of determination
R2 to characterize the spread of the distribution away from DMhost = 0.

2.3. The Macquart Relation in Lambda-CDM Cosmology

The host contribution to DMobs in Equation (5) is given by

DM∗
host, i =

DMhost, i

1 + zi
, (10)

where the factor 1 + z corrects the local DMhost, i to the measured value.
The IGM contribution to DMobs is the integral of the comoving electron density

DMΛCDM
IGM (z) =

∫ LIGM

0

ne(l)
1 + z(l)

dl, (11)

where z is the redshift at distance LIGM, z(l) is the redshift at distance l, and the factor 1/(1 + z(l))
in the integrand is used for the transformation into physical coordinates [16]. DMΛCDM

IGM (z) is the
contribution by the intergalactic medium and includes halos intersecting the line of sight [18]. The
path integral excludes the high density regions near the MW and the FRB host as these are considered
separately below.

The Macquart relation describes the relationship between the DM from the intergalactic medium
DMΛCDM

IGM and the redshift zFRB of the FRB’s host galaxies [18]. It can be written as[24]

DM∗
IGM(zFRB) = DMΛCDM

IGM (zFRB) = MΛCDM he(zFRB), (12)

where the dimensionless “Hubble-Lemaître Law” is

he(zFRB) =
∫ zFRB

0

1 + z√
Ωm(1 + z)3 + 1 − Ωm

dz, (13)

and Ωm is the matter density parameter. We define the Macquart constant as the proportionality factor
between DMIGM and he(z),

MΛCDM =
21cΩbH0 fIGM

64πGmp
, (14)

where mp is the proton mass, G is the gravitational constant, and the cosmological parameters H0 as
the Hubble constant, Ωb as the present-day baryon density parameter, and fIGM as the baryon fraction
in the IGM assumed to be constant for the range of redshifts covered by the FRBs of our data set.

We plot the Macquart relation Equation (12) in Figure 1. The FRBs of the data set are shown
with DM contribution from the Milky Way removed to obtain the extragalactic dispersion measure
given by Equation (7). The green curve is calculated from a fit to 117 FRBs [10] which yielded
MΛCDM = 828+74

−76 pc/cm3, calculated from Equation (14) with H0Ωb fdiff = 2.812+0.250
−0.258 and Ωm = 0.315

based on the results of Planck18 [5].
As expected, the ΛCDM-fitted Macquart relation follows the lower edge of the scattered points

where DMhost ≈ 0. The uncertainty of the fit, shown in gray on Figure 1, enclose most of the data
points scattered around DMhost = 0, and this for all redshifts of the data set.

A better representation of the local DMhost scatter, calculated from Equations (8) and (10), is shown
in Figure 2a, where the Macquart relation has been subtracted from DMEG(FRBi). Figure 2b shows the
frequency distribution f

(
DMhost, i|MΛCDM

)
of the local hosts’ DM calculated with the Macquart con-

stant MΛCDM. A fit to a log-normal distribution (red bars) yields a mode mo = 76 pc/cm3 and a coeffi-
cient of determination R2 = 0.83, supporting the choice of the distribution in the literature [11–13,16].
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Figure 1. Extragalactic dispersion measure DMEG(FRBi) as a function of redshift for 124 FRBs and two models
of Millky Way contributions to the DM. The green curve shows DMΛCDM

IGM (zFRB) from Equation (12), with
MΛCDM = 828 pc/cm3 fitted to 117 FRBs with ΛCDM cosmological parameters [10]. The gray curves represent
the uncertainties +74 pc/cm3 and −76 pc/cm3 calculated from Ref. [10].

Figure 2. (a) Local host dispersion measure as a function of redshift obtained in ΛCDM cosmology. (b) Frequency
distribution f

(
DMhost, i|MΛCDM

)
of the local host dispersion measure DMhost, i with 25 pc/cm3 binning. A

fit to a log-normal distribution is shown with red bars. The negative values of DMhost, i are highlighted by a
pink background.

A large fraction of the data points are above DMhost = 0, but some negative values reach a
large negative DM, e.g. DMhost(FRB220319D & YMW16) = −110 pc/cm3 at z = 0.011228, and even
DMhost(FRB230521B & YMW16) = −234 pc/cm3 at z = 1.354. In total, fourteen hosts have a negative
DM. Those are highlighted in pink in Figure 2(b). These may be due to additional contributions from
overestimation by DMMW(i) models, errors in identification of the host galaxy, and variance of the
IGM density,[18] which produce some scatter that result in DMhost, i being negative. There could also
be contributions from peculiar velocities, but even a small DMhost = −50 pc/cm3 would correspond
to a very high peculiar velocity v = 18000 km/s, which is unlikely for a galaxy.

These anomalies seem to appear independently of redshift. We therefore assume that most of the
variance of DMobs, i comes from the host’s DM, since the variance from DMIGM would increase with
redshift [18]. Since a negative value of DMhalo is unphysical, and a positive value would only increase
the number of data with an unphysical DMhost < 0, we adopt DMhalo = 0 in Equation (6) throughout
this paper.

2.4. The Macquart Relation in Static-Euclidean-STz Cosmology

We derive here DM relations in the SE-STz framework mirroring the SWe derive the relations
needed to
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In static-Euclidean space, the host contribution to DMobs in Equation (5) is given by

DM∗
host, i = DMhost, i. (15)

The redshift–distance relationship in the SE-STz framework is derived from the rate of stimulated
transfers per incident photon of wavelength λ is given by Equations (6)2 in Ref. [2],

Γ(ne) =
αcλeλ

π
ne, (16)

where α is the fine structure constant, λe = h/(mec), and ne is the electron number-density. Each stim-
ulated transfer produces an energy loss that we write as the redshift increment given by Equation (7)
in Ref. [2],

z0 = 2
λe

λ
. (17)

Multiplying Equations (16) and (17) yields a redshift rate of the entire spectrum that is independent of
wavelength,[2]

H = z0 Γ(ne) = c
2αλ2

e
π

ne = 8.199 × 10−18ne. (18)

This produces an energy loss first described empirically by Equations (I) of Ref. [25],

−d(hν) = H(hν)dt. (19)

Substituting Equation (18) in Equation (19), ν → c/λ, and t → l/c, gives the redshift increase for a
small propagation distance dl as written in Equation (1), where the redshift cross-section is

Σz ≡
2αλ2

e
π

= 2.735 × 10−26 m2, (20)

expressed only in terms of fundamental constants. The redshift cross-section represents an interaction
area that produces a unit redshift.

The redshift z produced over a distance LIGM is obtained by integrating Equation (1). We note
that repeated redshifts dz over short distance intervals dl combine as a product

1 + z =
LIGM

∏
l=0

(
1 + dz(l)

)
=

LIGM

∏
l=0

(
1 + Σzne(l)dl

)
. (21)

This is a consequence of relativistic velocity-addition. Taking the logarithm allows to transform
Equation (21) into a continuous summation

ln[1 + z] = ∑
dl

ln
[
1 + Σzne(l)dl

]
= Σz ∑

dl
ne(l)dl = Σz

∫ LIGM

0
ne(l)dl, (22)

where we use the identity ln
[
1 + dx

]
= dx for the infinitesimal limit dx → 0.

We note that the term ln[1 + z] of Equation (22) is the SE-STz equivalent of the dimensionless
“Hubble-Lemaître Law” given by Equation (13) in the ΛCDM framework, so that the SE-STz Hubble-
Lemaître Law is

LIGM =
1

Σzn̄e
ln[1 + z], (23)

and hence the “Hubble constant” defined by Equation (2).
The integral term in Equation (22) is the electron column-density over the length LIGM given

by Equation (3). As is the case for Equation (11), the path integral of Equation (3) excludes the high
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density regions near the MW and the FRB host.3 Finally, combining Equations (3) and (22) yields the
Macquart relation in the SE-STz framework

DM∗
IGM(zFRB) = DMIGM(zFRB) = MΣ ln[1 + zFRB], (24)

where the Macquart constant

MΣ ≡ 1/Σz = π/(2αλ2
e ) = 1185 pc/cm3 (25)

is the inverse of the STz cross-section[2] and is independent of the electron column-density[14,15].
The STz Macquart relation Equation (24) is plotted in Figure 3 with the FRBs from the data set

calculated from Equation (7). The blue line, obtained from a first-principle calculation in the SE-STz
framework, fits the lower edge of the DMEG distribution.

Figure 3. STz Macquart relation for 124 FRBs. The blue line shows the STz Macquart relation DMIGM(zFRB) =

MΣ ln[1 + zFRB] as given by Equation (24), where the Macquart constant is exactly MΣ = π/(2αλ2
e ) =

1185 pc/cm3. The relation DMIGM(zFRB) follows the lower edge of the DMEG–z distribution of 124 FRBs (black
symbols) where DMhost ≈ 0.

Calculating the DM of the hosts DMhost, i with Equation (15) gives the result plotted in Figure 4a.
The frequency distribution f

(
DMhost, i|MΣ

)
is shown in Figure 4b. A fit to a log-normal distribution

(red bars) yields a mode mo = 42 pc/cm3 with R2 = 0.91.

Figure 4. (a) Host dispersion measure as a function of redshift obtained in the SE-STz framework. (b) Frequency
distribution f

(
DMhost, i; MΣ

)
of the local host dispersion measure plotted shown with 25 pc/cm3 binning. A fit

to a log-normal distribution (red bars) has a mode mo = 42 pc/cm3 and a coefficient of determination R2 = 0.91.
The negative values of DMhost, i are highlighted by a pink background.
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3. Analysis
Although STz predicts a Macquart relation Equation (24) that visually fits observations, c.f.

Figure 3, our goal is to obtain an uncertainty on the Macquart constant MΣ[fit] for the relation
DMIGM(zFRB) = MΣ[fit] ln[1 + zFRB] fitted to the FRB data set.

For this purpose, we use the cumulative frequency function

F
(

DM|M
)
= ∑

DMhost, i<DM
f
(

DMhost, i|M
)

(26)

to determine a relative offset of the DMhost, i distribution. We find empirically that F
(

DM|M
)

increases
exponentially4 as a function of DM up to F ≈ 60 (see Figure 5), providing a position indicator of the
fast-rising edge of the frequency distribution function f

(
DMhost, i|M

)
. We use this indicator to analyze

FRB data and determine

Figure 5. Cumulative distribution of DMhost from Figure 2(b) in the ΛCDM framework (black curve).
F
(

DMhost|MΛCDM
)

increases exponentially up to F ≈ 60, as shown by the red curve.

3.1. Fitting the Macquart Parameter with an Edge-Fit

We split the FRB data set in two sets sorted by redshift, one “low-z” set containing data below
the redshift median z < z̃, and a “high-z” set with z > z̃, where the median of our data set (Table A1)
is z̃ = 0.1922. Figure 6 shows an example of the frequency distribution for both sub-sets, which
shows good agreement between the low-z and high-z distributions. For each sub-set, the cumulative
frequency function of DMhost, i is calculated for a Macquart constant M and evaluated at DMhost = 0,
giving the two values F(0; M)low−z and F(0; M)high−z.

Figure 6. Distribution of dm-host for the low-z sub-set (in yellow) and the high-z sub-set (in red) for M =

1191 pc/cm3 and the Macquart relation Equation (24). The distributions have been smoothed with a σ =

25 pc/cm3 Gaussian filter to improve the visualization.
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The expected good match between the low-z and high-z distributions shows that the cumulative
distributions are similar, F(0; M)low−z ≃ F(0; M)high−z, and independent of redshift, but only if the
Macquart constant M has the correct value. An examination of Equations (11) and (24) shows that if the
Macquart constant is overestimated as M+, DM∗

IGM(zi) will increase. From Equation (8) we find that
the low-z DMhost, i distribution will remain almost unaffected, but the high-z DMhost, i distribution
will shift toward low DM, which will result in F(0; M+)low−z < F(0; M+)high−z. An underestimated
Macquart constant M− will have the opposite effect such that F(0; M−)low−z > F(0; M−)high−z.

It is therefore simple to find the value of M that produces an agreement between the low-z and
high-z distributions by plotting F(0; M)low−z and F(0; M)high−z over a range of M, fitting both curves
to an exponential function, and calculating the value M[fit] at which they intersect. Since F(0; M)low−z

and F(0; M)high−z depend on data near the fast rising edge of the DMhost, i distribution, the method is
called an edge-fit.

The advantage of using the cumulative distribution in the neighbourhood of DMhost = 0 is that
outliers do not ‘pull’ the fit as they would for a least-square-fit. Therefore the method does not
require an arbitrary criterion that reject outliers, a criterion that could bias the final result if incorrectly
selected [11]. This method also eliminates a dependence on the exact shape of the distribution and
reduces a possible bias due to data points which may have been erroneously localized to an incorrect
host (e.g. the actual hosts of FRB2401123A, FRB22221029A, and FRB220619A near z ∼ 1 may be at a
higher redshift).

Finally, the variance σ2
M on the fitted Macquart constant M[fit] is estimated by using the technique

of sub-sampling. Here, we randomly select 62 samples from the original 124-sample FRB data set and
re-analyze the subsample as described above.5 By repeating this procedure several times, with a new
random subsample each time, we can calculate an estimate of the variance σ2

M62 of the estimator M62

for the smaller data sets. A final estimate of σ2
M from the complete data set can be calculated with

σ2
M = σ2

M62/2.
To confirm the validity of the edge-fit analysis, we first analyze the data in the ΛCDM framework,

and then repeat the same analysis in the SE-STz framework.

3.2. Fitting the Lambda-CDM Macquart Parameter

Following the edge-fit method outlined in Section 3.1, we plot the functions F(0; M)low−z and
F(0; M)high−z as a function of M in Figure 7. The range is limited so that F(0; M)high−z does not exceed
∼30 pc/cm3 and remains within the exponential regime shown in Figure 5. The function F(0; M)low−z

shows a slow change as a function of M because of the proximity of the data to the origin, while the
function F(0; M)high−z shows a faster increase. As a result, F(0; M)low−z and F(0; M)high−z intersect
at the value of the Macquart constant that best fits the lower edge of the scattered data in Figure 1,
MΛCDM[fit] = 851 pc/cm3.

Figure 7. Functions F(0; M)low−z (blue squares) and F(0; M)high−z (red diamonds) as a function of MΛCDM. The
curves show exponential fits and intersect at MΛCDM[fit] = 851 pc/cm3.
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We note that the adopted DMhalo = 0 does not have an effect on MΛCDM[fit] since both distribu-
tions are equally offset by DMhalo, which does not significantly move the position of the intersection.

The evaluation uncertainty on MΛCDM[fit] is evaluated from sub-sampling trials as outlined in
Section 3.1. The random subsamples are found to yield an average value MΛCDM[subsample] = 800 ±
120 pc/cm3. Since the full data set has twice the number of samples, the uncertainty on MΛCDM[fit] is
quoted as being smaller by a factor

√
2. This yields the final estimate MΛCDM[fit] = 851 ± 84 pc/cm3,

or ±10%. The Macquart relation is plotted with MΛCDM[fit] in Figure 8, with the confidence interval
shown in gray.

Figure 8. Macquart relation for DMΛCDM
IGM (zFRB) given by Equation (12) (green curve), fitted to the lower edge of

the DMEG–z distribution of 124 FRBs (black symbols), yields MΛCDM[fit] = 851 pc/cm3 ± 10%. Gray curves: ±1σ

statistical confidence intervals. The vertical dashed line shows the median redshift z̃ = 0.1922. This figure shows
that the edge-fit gives a Macquart constant that is essentially equivalent to the ΛCDM-fit shown in Figure 1.

The edge-fit finds the value reported by Ref. [10] to within 3%, and with an uncertainty that
matches the reported 9% uncertainty. The slightly larger uncertainty obtained from the edge-fit could
be, if significant, the result of having no prior on M, while the cosmological parameters Ωb, H0,
and fIGM were used as priors in Ref. [10]. MΛCDM[fit] also agrees with other determinations of the
Macquart constant as well, e.g. Refs. [13,24].

This exercise demonstrates the suitability of the edge-fit method described in Section 3.1 to obtain
the Macquart constant by fitting The Macquart function to the lower edge of the DMEG–z distribution
of FRBs.

3.3. Fitting the STz Macquart Parameter

We repeat the edge-fit analysis in a static-Euclidean-STz (SE-STz) framework, with the Macquart
relation given by Equation (24). Figure (9) shows F(0; M)low−z and F(0; M)high−z as a function of M.
The fitted exponential functions intersect at MΣ[fit] = 1191 pc/cm3.

Sub-sampling trials with half-size randomly selected data sets yield an average Macquart constant
MΣ[subsample] = 1201 ± 79 pc/cm3. We use the uncertainty on that value reduced by

√
2 to estimate

the uncertainty on the fit to the entire data set. This yields MΣ[fit] = 1191 ± 54 pc/cm3, or a STz
cross-section

Σobs = 1/MΣ[fit] = 2.72 ± 0.12 × 10−26 m2. (27)

This confirms, within ±4.3% measurement uncertainty, the value of the fundamental redshift cross-section Σz

given by Equation (20).
The Macquart relation with MΛCDM[fit] is plotted in Figure 10 with the confidence interval

shown in gray. We note that the highest redshift sample FRB230521B at z = 1.354 has a positive
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host DM within 120 − 190 pc/cm3, a value near the median D̃Mhost = 128 pc/cm3 of the probability
distribution function shown in Figure 4b.

Figure 9. Functions F(0; M)low−z (blue squares) and F(0; M)high−z (red diamonds) as a function of MΣ. The
curves show exponential fits and intersect at MΣ[fit] = 1191 pc/cm3.

3.4. Fitting the Halo Dispersion Measure

We have used DMhalo = 0 throughout this paper. An attempt to determine DMhalo was done
by examining the dependence of various statistics based on a fit to a log-normal distribution. These
were the mean, the median, the mode, the standard deviation of the distribution, and the coefficient of
determination R2, for −50 pc/cm3 < DMhalo < +50 pc/cm3. However, no significant preference for
a specific Dhalo is found.

On the other hand, increasing the value of DMhalo increases the number of negative DMhost,
which are unphysical values. Since the edge-fit analysis is not affected by the value of DMhalo, the use
of DMhalo = 0 has no bearing on the main results of this work.

Figure 10. Macquart relation in the SE-STz framework for DMIGM(zFRB) in Equation (24) (green curve), fitted to
the lower edge of the DMEG–z distribution of 124 FRBs (black symbols). This yields MΣ[fit] = 1191 ± 54 pc/cm3.
Gray curves: ±1σ statistical confidence intervals. The vertical dashed line shows the median redshift z̃ = 0.1922.

4. Discussion
A data set containing 124 localized FRB-data provides a sufficiently large sample to fit the

Macquart relation to the lower edge of the DMEG–z distribution. The edge-fit method is used in a
static-Euclidean STz framework to obtain a value of the Macquart constant based on observations, and
to compare this value with the cross-section of STz effect calculated from first principles.
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Localized FRB dispersion measures and redshifts provide a direct measurement of MΣ[fit] =
1191 ± 54 pc/cm3. This confirms the STz cross section

Σz ≡
2αλ2

e
π

= 2.735 × 10−26 m2 =
[
1185 pc/cm3

]−1
(28)

to better than 5%, independently of the value of the IGM electron number-density or any cosmological
parameters. The edge-fit of the STz Macquart relation gives a slightly better fit R2[SE-STz] = 0.91
compared to the ΛCDM fit R2[ΛCDM] = 0.83 DMIGM(z), indicating a good fit to observations
interpreted in the SE-STz framework.

With a reliable value for Σz, we can use the measured Hubble constant to calculate the average
electron number-density in the IGM. In the SE-STz framework, only the “late” value of the Hub-
ble constant has meaning. Substituting H0 = 73.18 ± 0.88 km/s/Mpc [26] in Equation (2) yields
n̄e = 0.289 ± 0.004/m3. We can compare this value to n̄e[ΛCDM] = 0.23/m3, with the reserve that
this comparison is made across two incommensurate frameworks. These numbers may be compat-
ible in a hybrid cosmological model of the type described in Ref. [27], but indicates that almost all
cosmological redshift is caused by the STz effect. A precise measurement of the electron density
number, independent of ΛCDM’s cosmology parameters, will be needed to completely support the
static-Euclidean framework.

5. Conclusions
The Stimulated Transfer redshift (STz) effect offers a promising replacement for space expansion

to explain cosmological phenomena [2]. Because it is fundamentally based on stimulated emission, the
effect produces a redshift without any angular dispersion of light. The interaction with electrons elimi-
nates a frequency dependence of the resulting redshift, a property that is not possible in interactions
with particles that have internal degrees of freedom. From these properties follows a redshift–distance
relation ln[1 + z] = Σzn̄eLIGM, which, with the measured value of the electron number-density n̄e,
closely reproduces the Hubble-Lemaître Law. The photon energy lost to electrons is observed as
plasma heating in the solar corona.

Using the electron density dependence of the STz effect, we link the cosmological redshift to
the dispersion observed in fast radio bursts (FRBs) through the STz cross-section Σz = 2αλ2

e /π =

2.735 × 10−26 m2. In this paper, we confirm Σz to better than 5% accuracy using the Macquart relation
observed between dispersion measure and redshift. We show that both effects depend on known
functions of the electron density through the dispersion measure, the ponderomotive force, and
the Hubble-Lemaître law. Critics have argued that the STz effect fits the Hubble-Lemaître Law of
cosmological redshift by coincidence. However, we demonstrate that the STz effect also quantitatively
describes the Macquart relation of FRB dispersion measure. Such agreement with two very distinct
phenomena – redshift and dispersion – cannot be coincidental; it confirms that STz is a common effect
underlying both.

The implication of a confirmed Σz is that the cosmological redshift is mostly produced by the
STz effect, leaving very little room for space expansion and Big Bang cosmology. This explains recent
observations that are difficult to reconcile with ΛCDM, such as the presence of a mature cluster at
redshift z = 7.88 [28], a grand-design spiral galaxy at zphot ∼ 4.05 [29], and no redshift evolution of
the characteristic linear sizes of galaxies [30,31]. Future research will focus on exploring the emergent
properties of the Stimulated Transfer redshift, particularly regarding its implications for cosmological
phenomena such as the stretching of supernova light-curves and the cosmic microwave background.
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Appendix A. STz Saturation Near Bright Sources
An electron produces stimulated transfers between every beam that interacts with it. The wave-

function of every interacting light beam evolves according to the time evolution of the density matrix
Equations (1) in Ref. [2]. When the wavefunction is collapsed by the transfer of a photon from one
beam to another, this interrupts every other stimulated transfer in progress since the electron has
received a momentum kick and is no longer coherent with the other light beams. In intergalactic space,
where all interacting beams have an equal intensity, they have an equal probability of interaction with
the electron.

However, the larger number of photons near a galaxy will cause rapid collapse of the wavefunction
and will interrupt the slow evolution of the wavefunction during a stimulated transfer with a low
intensity beam coming from large distances. As a result, a weak beam of light travelling near a bright
galaxy will experience a very low rate of STz.

Even if the electron density is larger by orders of magnitudes, the brightness of the nearby galaxy
is also higher by about the same amount. Quantitatively, two factors work against STz near a galaxy:

I The rate of stimulated transfers cannot be greater than the rate of incoming photons from the
weakest beam, and

II nearby bright sources collapse the evolution of a weak beam interacting with the electron,
which further reduces the STz rate for that weak beam.

As a result, electrons that produce dispersion measures DMMW and DMhost do not produce the
redshift described by Equation (21) but a much smaller one by orders of magnitude. The cosmological
STz is therefore only significant in the IGM, away from galaxy halos and the ISM.

Appendix B. FRB Data Set Used for this Study

Table A1. Localized FRB samples from [11] augmented with Refs. [9,19,20].

FRB z DMobs NE2001 YMW16 FRB z DMobs NE2001 YMW16

200120E 0.0008 87.77 30 19.54 181030A 0.00385 103.396 41.1 33
250316A 0.0067 161.82 70 70 171020A 0.008672 114.1 36.7 24.7
220319D 0.011228 110.98 139.7 211 231229A 0.019 198.5 58.12 51.78
240210A 0.023686 283.73 28.7 17.9 181220A 0.02746 208.66 118.5 115.3
231230A 0.0298 131.4 61.51 83.24 181223C 0.03024 111.61 19.9 19.1
190425A 0.03122 127.78 48.7 38.7 180916B 0.0337 349.349 199 324.9
230718A 0.0357 477 420.6 450 231120A 0.0368 437.737 43.8 36.2
240201A 0.042729 374.5 38.6 29.1 220207C 0.04304 262.38 76.1 83.3
211127I 0.0469 234.83 42.5 31.5 201123A 0.0507 433.55 251.7 162.7
230926A 0.0553 222.8 52.69 43.71 200223B 0.06024 201.8 45.6 37
190303A 0.064 223.2 29.8 21.8 231204A 0.0644 221 29.73 21.79
231206A 0.0659 457.7 59.13 59.29 210405I 0.066 565.17 516.1 348.7
180814A 0.068 190.9 87.6 107.9 231120A 0.07 438.9 43.8 36.22
211212A 0.0707 206 38.8 27.5 231005A 0.0713 189.4 33.37 28.79
190418A 0.07132 182.78 70.2 85.8 211212A 0.0715 206 27.1 27.46
231123A 0.0729 302.1 89.76 136.89 220912A 0.0771 219.46 125.2 122.2
231011A 0.0783 186.3 70.36 65.7 220509G 0.0894 269.53 55.6 52.1
230124A 0.0939 590.574 38.6 31.8 201124A 0.098 413.52 139.9 196.6
230708A 0.105 411.51 60.3 44 231223C 0.1059 165.8 47.9 38.64
191106C 0.10775 332.2 25 20.5 231128A 0.1079 331.6 25.05 20.54
230222B 0.11 187.8 27.7 26.4 231201A 0.1119 169.4 70.03 74.72
220914A 0.1139 631.28 54.7 51.1 190608B 0.11778 338.7 37.3 26.6
230703A 0.1184 291.3 26.97 20.67 240213A 0.1185 357.4 40 32.1
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Table A1. Cont.

FRB z DMobs NE2001 YMW16 FRB z DMobs NE2001 YMW16

203022A 0.1223 706.1 134.13 188.14 190110C 0.12244 221.6 37.1 29.9
230628A 0.127 344.952 39 30.8 240310A 0.127 601.8 30.1 19.8
210807D 0.1293 251.9 121.2 93.7 240114A 0.13 527.65 49.7 38.8
240209A 0.1384 176.49 55.5 52.2 210410D 0.1415 571.2 56.2 42.2
230203A 0.1464 420.1 36.29 22.98 231226A 0.1569 329.9 38.1 26.7
230526A 0.157 361.4 31.9 21.9 220920A 0.158239 314.99 39.9 33.4
200430A 0.1608 380.1 27.2 26.1 210603A 0.1772 500.147 39.5 30.8
220529A 0.1839 246 40 30.9 230311A 0.1918 364.3 92.39 115.68
220725A 0.1926 290.4 30.7 11.6 121102A 0.19273 557 188.4 287.1
221106A 0.2044 343.8 34.8 31.8 240215A 0.21 549.5 47.9 42.8
230730A 0.2115 312.5 85.18 97.29 210117A 0.2145 729.1 34.4 23.1
221027A 0.229 452.5 47.2 40.59 191001A 0.234 506.92 44.2 31.1
190714A 0.2365 504.13 38.5 31.2 221101B 0.2395 491.554 131.2 192.4
190520B 0.241 1210.3 60.1 60.1 220825A 0.241397 651.24 78.5 86.9
190520B 0.2418 1204.7 60.2 50.2 191228A 0.2432 297.5 32.9 20.1
231017A 0.245 344.2 64.55 55.64 220307B 0.248123 499.27 128.2 186.9
221113A 0.2505 411.027 91.7 115.4 220307B 0.2507 499.15 128.2 186.98
220831A 0.262 1146.25 126.8 182.3 231123B 0.2621 396.857 40.3 33.8
230307A 0.2706 608.854 37.6 29.5 221116A 0.2764 643.448 132.3 196.2
220105A 0.2785 583 22 20.6 210320C 0.2797 384.8 39.3 30.4
221012A 0.284669 441.08 54.3 50.5 240229A 0.287 491.15 38 29.5
190102C 0.2912 364.5 57.4 43.3 220506D 0.30039 396.97 84.6 97.7
230501A 0.3015 532.471 125.7 180.2 180924B 0.3212 361.42 40.5 27.6
231025B 0.3238 368.7 48.67 43.36 230626A 0.327 452.723 39.3 32.5
180301A 0.3304 552 151.7 254 231220A 0.3355 491.2 49.9 44.5
211203C 0.3439 636.2 63.7 48.4 220208A 0.351 437 101.6 128.8
220726A 0.3619 686.232 89.5 111.4 230902A 0.3619 440.1 34.1 25.5
220717A 0.36295 637.34 118.3 83.2 200906A 0.3688 577.8 35.8 37.9
240119A 0.37 483.1 37.9 30.98 220330D 0.3714 468.1 38.6 30.09
240119A 0.376 483.1 38 31 190611B 0.3778 321.4 57.8 43.7
220501C 0.381 449.5 30.6 14 220204A 0.4012 612.584 50.7 46
230712A 0.4525 587.567 39.2 30.9 181112A 0.4755 589.27 41.7 29
220310F 0.477958 462.24 46.3 39.5 220918A 0.491 656.8 153.1 240.6
190711A 0.522 593.1 56.5 42.6 230216A 0.531 828 38.5 27.05
221219A 0.553 706.708 44.4 38.6 230814A 0.553 696.4 104.8 137.8
221219A 0.554 706.7 44.4 44.4 190614D 0.6 959.2 87.8 108.7
220418A 0.622 623.25 36.7 29.5 190523A 0.66 760.8 37.2 29.9
240123A 0.968 1462 90.2 113 221029A 0.975 1391.75 43.8 36.4
220610A 1.016 1458.15 31 13.6 230521B 1.354 1342.9 138.8 209.7
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