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The study of impulsive astrophysical radio emission makes it possible to probe the intervening plasma
between the emission source and the Earth. In cold electron-ion plasmas, the circular propagating wave
modes primarily alter the linear polarization plane that scales with the inverse-square of the emission
frequency. In relativistic plasmas, the wave modes are elliptically polarized, and it is possible to convert
linearly polarized emission into circular and vice versa. Fast radio bursts (FRBs) enable the study of not
only the electron-ion plasma of the intergalactic medium but potentially the extreme magneto-ionic
medium in which these intense pulses are produced. Here we report on the polarimetric analysis of a repeat
burst from the FRB 20201124A source. The burst displayed a significant frequency-dependent circularly
polarized component, unlike other bursts from this source or any other FRB found to date. We model the
frequency dependence of the circular polarization using a phenomenological generalized Faraday rotation
framework. We find that the observed circular polarization in the burst can be adequately explained by the
propagation of an initially linearly polarized burst signal through a relativistic plasma along the line of sight
from the progenitor.
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I. INTRODUCTION

Electromagnetic waves in plasmas have multiple pos-
sible propagating wave modes, contrary to a single mode
in the vacuum. If the plasma is magnetized, these modes
can exhibit a variety of dispersion relations, meaning they
have different phase velocities dependent on the wave
frequency and the angle of propagation with the back-
ground magnetic field. While the propagation delay
between these modes is small, it results in a frequency-
dependent transformation in the polarimetric properties of
the propagating radiation. In a plasma dominated by cold
electrons, the natural wave modes are approximated to be
circularly polarized, resulting in a wavelength-dependent
change in the plane of linear polarization (LP). This
primary propagation effect is the conventional Faraday
rotation (FR) [1], often used to study the magnetic field
strength of the cold, magnetized plasma of the interstellar

medium (ISM). However, in a plasma dominated by
relativistic particles, the modes are not necessarily circu-
larly polarized, and magnetic birefringence can lead to the
conversion between the linear and circular polarization
(CP) components as a function of frequency [2–5]. This
effect of a generalized form of Faraday rotation (GFR;
occasionally referred to as Faraday conversion or Faraday
repolarization) has been used to explain the observed CP in
the radio spectra of compact astrophysical objects [6,7].
Astrophysical plasma provides a unique opportunity to

study electrodynamics in extreme environments impos-
sible to create in a terrestrial lab. First discovered over a
decade ago, fast radio bursts (FRBs) present a new probe
of astrophysical plasmas and the highly energetic radia-
tion processes originating there [8]. These ms-duration
transients have been found to originate from galaxies as
distant as redshift z ¼ 0.66 (a luminosity distance of
dL ¼ 4.08 Gpc) [9], with their emission detected only
at radio wavelengths [10]. Their extragalactic origin
allows us to probe the cold plasma within the galaxies
and the intergalactic medium (IGM) along the line of sight
(LOS) [11]. A sample of localized bursts has been used to
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detect the entirety of the baryon density of the local
Universe [12]. The bursts represent the most luminous
pulses of radio emission known, with inferred radio
luminosities a factor of ∼1012 larger than the Galactic
radio pulsars, assuming the same beaming angles [13].
With these extremities, the FRB progenitors and their
immediate environment most likely contain highly mag-
neto-ionized relativistic plasma. Interactions between the
propagating EM radiation and the surrounding plasma can
imprint various wavelength-dependent effects, enabling
the study of relativistic plasma dispersion relations and
their nonlinear deviations [14,15].
It is possible to study in great detail the spectro-temporal-

polarimetric properties of the≈4% of FRB sources found to
repeat [16]. Most repeating FRB sources display a pulse-
averaged LP ≈ 90–100% and nonvarying LP position angle
(PA) across the burst profile [17]. These features suggest a
similar emission mechanism for repeating FRBs and are
commonly interpreted as relativistic shocks involving
synchrotron masers far from the progenitor [18,19].
However, recent discoveries of PA variations [20,21] and
CP [21,22] in a few repeating FRBs have complicated this
picture in favor of a magnetospheric origin. Additionally,
some repeating FRB sources have been found to be
embedded in extremely dynamic magneto-ionic environ-
ments [23,24]. FRB 20121102A [25], the first known
repeating FRB source, emits highly linearly polarized
bursts with an extraordinarily high and variable Faraday
RM ≈ 105 radm−2, indicating a dynamic magnetic envi-
ronment [23,26]. Targeted studies of the variations in burst
properties such as the dispersion measure (DM), RM, PA,
and scattering levels can be used to probe the local
environment of the progenitor.

II. FRB 20210405H

A bright (isotropic energy Eiso ∼ 1041 erg) repeat burst
FRB 20210405H was detected on 2021 April 5 during
monitoring of the FRB 20201124A source with the CSIRO
Parkes 64-m radio telescope (also known as Murriyang)
[21]. The DM of this individual burst is estimated to be
418� 1 pc cm−3, which is in excess of ∼5 pc cm−3 from
the statistical average (413� 1 pc cm−3) determined using
a sample of bright bursts from this source [21]. The
spectral occupancy of the burst is constrained between
704–1088 MHz with no signal detected between 1088–
4032 MHz. The burst consists of two distinct subpulses
(C1 and C2) separated in time. The burst has a high (90%)
polarization fraction with a likewise high fraction of LP
(74% for C1 and 93% for C2). A significant amount of CP
(47%) is detected in subpulse C1, never seen before in
bursts from a repeating FRB source [21]. Figure 1 shows
the frequency-averaged polarization profile of the burst for
all four Stokes parameters and the degree of polarization
components as a function of time.

III. CIRCULAR POLARIZATION

The production of large fractions of CP in astrophysical
radio emission is a long withstanding problem [27]. The
most prominent explanation explored is for it to be intrinsic
to the emission. Even though some amount of CP is
expected from intrinsic synchrotron radiation [28–30], the
predicted level, however, is inadequate to explain the
observations, and the expected degree of CP ∝ λ1=2 is
generally not observed [31]. For FRB 20201124A, the
majority of detected bursts have little to no CP, with a
subsample exhibiting varying degrees of CP [21,22]. Thus, if
the high CP in FRB 20210405H was entirely intrinsic to the
progenitor, it cannot by itself explain the non-detection in
most of the bursts. The inability of prevalent emission
models to explain such a high degree of CP through an
intrinsic mechanism suggests it is likely the result of a
propagation effect in which LP has been converted to CP
[4,5]. Multiple underlying conditions related to the magnetic
field strength and the electron density can be responsible for
such a conversion. Nonetheless, the critical requirement is
that the EM wave propagates through a strongly magnetized
region or a mildly to highly relativistic medium (even with a
relatively weak magnetic field strength).

FIG. 1. Frequency-averaged profile of the Parkes-detected
repeat burst FRB 20210405H. The top panel shows the degree
of polarization components [total (P=I), linear (L=I), and circular
(V=I)]. The middle and bottom panels show the LP position angle
(PA) and the four Stokes parameters. The data are corrected for
the first subpulse best-fit RM of −619 radm−2 at a reference
frequency of 896 MHz.

KUMAR, SHANNON, LOWER, DELLER, and PROCHASKA PHYS. REV. D 108, 043009 (2023)

043009-2



In a nonrelativistic cold plasma, the circularly polarized
wave propagation modes result in only regular Faraday
rotation between the two orthogonal LP components.
However, propagation through several magnetic field
reversals in a highly magnetized region can allow a partial
conversion from LP to CP [32,33]. A key prediction from
this model is the presence of quasiperiodic oscillations in
Stokes V as a function of λ2, with the number of
quasiperiods corresponding to the number of magnetic-
field reversals along the LOS [33]. We do not see such
oscillatory features in the observed spectra for the Parkes
FRB. Thus, we rule out the prospect of a GFR induced by a
nonrelativistic medium in our case.
Scintillation in the magnetized, cold plasma of ISM is

another way to generate CP [34]. This method does not
require an initial source of polarized radiation, and a
birefringent screen along the LOS can stochastically gen-
erate the CP. Another model proposes that a magnetized,
scintillating screen may result in the multipath propagation
of radiation and induce a significant CP [35]. However, at
least for this burst, these models cannot explain the
contrasting polarimetric properties of the two subpulses
of the burst, nor the significant sweep in PA observed
across subpulse C1. Rather, these properties are most likely
due to the intrinsic emission mechanism and magneto-
spheric geometry. Similar behavior is seen in observations
of radio pulsars and magnetars [36–38].
The observed high degree of CP and its strong frequency

dependence in the Parkes-detected repeat burst thus suggest
propagation-induced transmission effects. Such behavior
can arise if the burst has undergone a form of GFR after
propagating through a relativistic medium with elliptically
polarized wave modes [5].

IV. GENERALIZED FARADAY ROTATION

To consider the effects of Faraday conversion in an
elliptically polarized propagating medium, we model the
rotation of polarization vector using a phenomenological
GFR model by projecting the polarization data onto the
Poincaré sphere [39]. The polarization vector represents an
arbitrary elliptical mode with its tip on the surface of the
sphere. The normalized vector can then be expressed in
Cartesian coordinates as PðνÞ ¼ ½QðνÞ; UðνÞ; VðνÞ�=P,
where P ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Q2 þ U2 þ V2

p
is the total polarization and

Q, U and V are the Stokes parameters. The LP position
angle Ψ ¼ 1

2
tan−1ðU=QÞ and the ellipticity angle χ ¼

1
2
tan−1ðV=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Q2 þ U2

p
Þ is the latitude on the Poincaré

sphere. The natural wave mode of the birefringent medium
is represented as a diagonal axis on the sphere. As the
radiation propagates through the medium, birefringence
results in rotation of PðνÞ in a plane perpendicular to the
mode’s diagonal axis.
In the case of regular FR, the plasma’s natural wave

modes are circularly polarized, and the mode diagonal is

aligned with the vertical V axis connecting the poles of the
sphere. Thus, PðνÞ rotates at a constant latitude (χ) parallel
to the equatorial plane depending upon the incident
polarization state. This corresponds to a wavelength-
dependent change in the PA given by

ΨFRðλÞ ¼ Ψ0 þ RMðλ2 − λ2cÞ; ð1Þ

where Ψ0 is the PA at a reference wavelength λc and

RM ¼ e3

8π2ε0m2
ec3

Z
dlneBk

¼ 0.81LhneBki radm−2; ð2Þ

with the path length L in parsecs, magnetic field B in μG
and the cold electron number density ne in cm−3. Whereas
in the case of GFR, the polarization of the plasma wave
modes can be arbitrary and not necessarily circular. In such
a medium, the mode diagonal could be along any arbitrary
axis on the Poincaré sphere, with the polar angle reflecting
the ellipticity of the wave modes. The wavelength-depen-
dent rotation along the diagonal axis causes χ to vary, thus
converting LP into CP. Using an arbitrary parameter α for
the wavelength dependence and an analogous “generalized
rotation measure” (GRM) [5,39], Equation (1) can be
expressed as

ΨGFRðλÞ ¼ Ψ0 þ GRMðλα − λαcÞ; ð3Þ

The effects of noncircular modes in the propagating
medium are emulated by rotating the polarization vector
about the Stokes U and V axes by angles ϑ and φ
respectively, as

PGFRðλÞ ¼ Rϑ ·Rφ · PðλÞ: ð4Þ

where

Rϑ ¼

2
64

cosðϑÞ 0 sinðϑÞ
0 1 0

− sinðϑÞ 0 cosðϑÞ

3
75; ð5Þ

and

Rφ ¼

2
64
cosðφÞ − sinðφÞ 0

sinðφÞ cosðφÞ 0

0 0 1

3
75; ð6Þ

Here the ellipticity of the wave modes are parametrized by
the orientation of the mode diagonal on the sphere (ϑ ¼ 0°
for circular and 90° for linear).
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V. ANALYSIS

The FRB Stokes spectra include contributions from the
signal interaction with the cold ionized ISM, IGM, and a
likely relativistic medium near the emission region. Ideally,
we would perform a joint FR-GFR fit to simultaneously
account for all such contributions [39]. However, in our
case, a joint fit is neither attainable nor constraining due to
the limited bandwidth of the burst. Hence, we proceed by
first constraining the regular FR contributions in the
subpulses and then modeling the effects of GFR in the
de-Faraday rotated residuals.
We model the regular FR contribution by directly fitting

the rotation in Stokes Q and U spectra of the two
subpulses. We obtain median a-posteriori RM values of
−619� 1 and −613� 3 radm−2 for C1 and C2, respec-
tively. The de-Faraday rotated LP component of subpulse
C1 exhibits a residual frequency-dependent variation,
indicating a deviation from the standard λ2 expected from
a regular FR in the intervening medium. The frequency-
dependent deviation establishes further evidence of a
partial conversion between the polarization components.
However, a critical question is whether some of the GFR
effects are also getting absorbed in the estimated RM of
C1. A piece of compelling evidence is the RM discrepancy
between both the subpulses, which are only ∼20 ms apart,
and the absence of CP in subpulse C2. Other bursts from
this FRB source have shown a significant burst-to-burst
RM variation but over much longer timescales of days to
months [21,22].
We extend our spectral modeling to fit the normalized

residual LP spectra in C1 and the associated Stokes V
component using a GFR model [39]. We consider both the
RM of C1 and C2 to get the de-Faraday rotated LP residuals
for the subpulse C1. The limited bandwidth of the burst
results in a strong degeneracy between the GRM and the
spectral dependence, α, leading to a poor reconstruction of
the data using random samples drawn from the posteriors.
We note that the median a-posteriori model does appear to
match the data well by eye. Nevertheless, we find that the
sampled α for the two RM cases (C1 and C2) is in
agreement within 1-σ and 3-σ, respectively, with one
arising for the wave propagation through a relativistic
medium, i.e., α ¼ 3 [40]. Motivated by this consistency
and to remove the strong covariance between parameters,
we limit our analysis to a relativistic case with α fixed to
this theoretical value.

VI. RELATIVISTIC ROTATION MEASURE

In this model with α ¼ 3, the GFR is now described by
an analogous relativistic rotation measure (RRM), which
arises from the radiation propagation through a relativistic
plasma. The polarization angle, in this case, varies with
wavelength as ΨðλÞ ∝ λ3 RRM [5]. To further probe the

RM contamination to the net GFR, we now model the
Stokes spectrum of C1 on a grid of fixed RM values (−594
to −642 radm−2). The obtained best-fit GFR parameters as
a function of RM are shown in Fig. 2. We can clearly see a
degeneracy between the RM and the GFR model param-
eters. The degeneracy highlights the complications asso-
ciated with a GFR modeling when the net amount of
regular FR along the LOS of the burst source is not known
with significant precision. Nevertheless, in our case, we
can utilize the subpulse C2 to calibrate for the regular FR
in the intervening medium as the absence of CP
undoubtedly indicates no Faraday conversion. Using the
best-fit RM of subpulse C2, i.e., −613 radm−2 as the net
FR contribution, we conduct parameter estimation and
obtain RRM ¼ 19� 2 radm−3 and ϑ ¼ 86þ6

−5 .
The best-fit parameter ϑ is consistent (within 1-σ) with

ϑ ¼ 90°, a case where the ellipticity of the natural wave
modes of the intervening relativistic plasma is linearly
polarized. Additionally, ϑ displays a smooth variation with
RM in the grid search (see Fig. 2). To simplify the plasma
modes geometry, we run further estimation runs consider-
ing the propagating modes in the relativistic medium to be

FIG. 2. Best-fit GFR parameters for the FRB subpulse C1
Stokes spectra as a function of Faraday RM (for α ¼ 3).
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linearly polarized (ϑ ¼ 90°). We now obtain an excellent fit
to the Stokes spectra and well-constrained parameters with
the RRM ¼ 18� 1 radm−3. The fractional stokes compo-
nents, along with the median a-posterior recovered model,
are shown in Fig. 3. The posterior distribution of model
parameters is in Fig. 4.
We find that the Stokes spectra and the exceptionally

high degree of CP of the subpulse C1 are consistent with
arising from the radiation undergoing a GFR in a relativistic
medium. The inferred modeling parameter ϑ indicates that
the natural modes of such medium are linearly polarized,
and the ultrarelativistic particles completely dominate. For
linear wave modes, the birefringence results in a difference
in the wave number Δk ∝ ω−3 [41,42]. Assuming a power-
law distribution of relativistic particles, the analogous
relativistic Faraday RM can be expressed as [5],

RRM ¼ e4

4π3ε0m3c4

�
β − 1

β − 2

�Z
dlnrB2⊥γ

¼ 0.03LhnrB2⊥γi radm−3; ð7Þ

where β is the power-law index, γ is the minimum Lorentz
factor, the magnetic field B is in mG and nr is the number
density of the relativistic particles in cm−3. The final form
of RRM in Eq. (7) is independent of the form of the
distribution function of particles [40].
Assuming equipartition between the energy density of

relativistic electrons and the magnetic energy density in the
relativistic medium, Eq. (7) can be approximated as
RRM ∼ 0.001 LB4 radm−3 [5]. For an extended birefrin-
gent medium found in supernova remnants with a length
scale of L ∼ 1 pc, we obtain a net magnetic field strength of
∼12 mG. This estimate is consistent with the typical
magnetic field strengths observed in the pulsar wind
nebulae [43]. However, it is unlikely for the effect of
GFR to disappear within ∼20 ms (subpulse C2) on such an
extended length scale. The size of the FRB emitting region,
denoted as rc, can be constrained by considering the light-
crossing time. Using the temporal width of the subpulse
C1 ∼ 18 ms, we get rc ≲ 5500 km. If the emission region
and the GFR-inducing medium are co-located with L ∼ rc,
we obtain a total magnetic field strength of ∼3.2 G. In such
a scenario, the time variability of plasma conditions will

FIG. 3. Fractional Stokes spectra of the FRB subpulse C1 after
correcting for RM = −613 radm−2. Thick solid lines indicate the
median recovered GFR model for linearly polarized modes
(relativistic case: α ¼ 3, ϑ ¼ 90°), while the transparent traces
indicate 350 random draws from the posterior distributions. The
top two panels show the internal parameters (PA and ellipticity
angle) calculated in the model. The unmodeled trend in the V=P
panel (and as a result in the χ panel) around ∼1.02 GHz is
because of the increased level of radio frequency interference in
these frequency channels, which affect the data quality.

FIG. 4. Posterior distributions of GFR modeling parameters for
linearly polarized modes (relativistic case: α ¼ 3, ϑ ¼ 90°). Top
panels show the 1D marginalized distributions with the 68%
credible intervals as a shaded region. Other panels show the 2D
distributions of these parameters, with the contours representing
68% and 95% credible intervals.
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lead to variations in natural modes throughout the pulse
duration. Consequently, the polarization vector will deviate
from the expected behavior of α ¼ 3, and the detailed
geometry of the emitting region should be taken into
account [44]. Another possibility is if the emission region
and the birefringent medium are spatially separated.
However, without a valid model of the FRB progenitor
and the emission physics, it is difficult to ascertain the
location and size of the birefringent medium and remove
the degeneracy with the magnetic field strength.
While the above analysis is valid for any medium

dominated by relativistic particles, it is possible to have
a plasma with an admixture of cold electrons. The plasma
modes will not be completely linear in such a scenario, and
the ratio of their number densities will determine the
ellipticity [5]. Nonetheless, in our case, the inferred value
of ϑ and the conditions required for Eq. (7) limits the scope
to a medium dominated by relativistic particles. In addition
to regular FR from the cold plasma along the LOS, it is also
possible for FR (non-λ2) to be induced by the hot plasma in
the magnetosphere or the near wind zone due to an
asymmetry in the relativistic particle distribution [45] or
oblique propagation [46]. We do not see any substantial
non-λ2 RM component in subpulse C2; we argue that any
such contribution would be limited to subpulse C1. In that
case, some unaccounted non-λ2 RM contamination will be
present in our inferred RRM. Given the low strength of the
burst signal and limited bandwidth, it is beyond the scope
of our method to account for these effects.
An ideal candidate for such a relativistic medium is a pair

(e−eþ) plasma. A pair-plasma with equal distributions will
also cancel out any regular FR or intrinsic synchrotron
production of CP [5]. Additionally, in such a plasma, the
normal propagation modes are linearly polarized for all
observable radio frequencies [47]. Thus, the observed CP
can entirely be attributed to the Faraday conversion or GFR
in the plasma medium. Table I summarizes the various
observable propagation effects in astrophysical plasmas.

VII. DM EXCESS

The observed propagation delay as a function of fre-
quency is used to quantify the amount of dispersion, DM
(and consequently the electron column density) encoun-
tered by the radiation along the LOS. Primarily, this
involves contributions from the cold plasma of the inter-
vening medium and thus only the nonrelativistic case is

considered. For a path length of L, the amount of dispersion
is, DM ¼ neL, where ne is the number density of cold
electrons. Thus, a measurement of RM and DM is used to
estimate the average magnetic field strength along the LOS
of an astrophysical signal (using Equation (2))

hBki ¼ 1.232

�
RM

rad m−2

��
DM

pc cm−3

�
−1

μG ð8Þ

However, in a plasma entirely dominated by relativistic
particles, the amount of dispersion is solely due to
relativistic electrons (nr) and can be given as (up to a
first-order approximation), DMrel ¼ nrL=2γ [48]. Thus,
using an estimate of DMrel and RRM, one can uniquely
measure the average perpendicular magnetic field strength
in such a plasma along the LOS (using Equation (7))

hB⊥γi ¼ 4.083

�
RRM

rad m−3

�
0.5
�

DMrel

pc cm−3

�
−0.5

mG ð9Þ

Direct measurement of DMrel and RRM is challenging as
these are second-order observational effects, and one first
needs to correctly account for the regular DMandRMdue to
the signal propagation in the intervening medium. With a
precise estimate of the DM and RM along the LOS from
long-term monitoring of the source, one can attribute the
excess values in the measurements resulting from these
relativistic effects in the GFR framework. A critical issue
with this approach is in cases of repeating FRBs with
substantial DM and RM variations but no correlation with
the observed CP [26]. Such variations are most likely due to
changes in the LOS through a dense and magnetized
environment surrounding the FRB progenitors [23,24]
and not due to propagation through a relativistic plasma [49].
However, we can further constrain these quantities using

the weaker contemporaneous bursts. For the Parkes-detected
repeat burst, an apparent excess DM of 5 pc cm−3 is inferred
based on the complex frequency-time dynamic spectrum
[21]. We estimated an RRM of 18 radm−3, considering the
RM of subpulse C2 as the net FR contribution along the
LOS. Furthermore, our GFR modeling with ϑ as a free
parameter indicates it being consistent with 90°, implying
that the relativistic plasma modes are linearly polarized.
Assuming that the excess DM is due to propagation through
this relativistic plasma, we estimate hB⊥γi ¼ 8� 1 mG.
Consequently, for a medium with a minimum Lorentz factor,
γ > 10, we can constrain the magnetic field strength to
be B⊥ < 1 mG.
Considering the scenario where the emission region and

the birefringent medium are co-located, and assuming that
the relativistic plasma (with L ∼ 5500 km) causes the
excess dispersion, we would expect a plasma density of
nr ∼ 1011 cm−3. While this estimate is similar to the
Goldreich-Julian plasma density limit in the magneto-
sphere of a young magnetar [50], it is unlikely to cause the

TABLE I. Propagation effects in astrophysical plasma.

Effect Nonrelativistic Relativistic ion Pair plasma

DM neL nrL=γ � � �
RM neBkL ∝ λ−1.5 [45] 0
RRM � � � nrB2⊥γL nrB2⊥L
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observed excess DM. Such a high plasma density would
necessitate a net magnetic field strength on the order of
∼1012 G, assuming the magnetar spin-period ∼1 s [51].
Moreover, such a strong magnetic field would likely
suppress the plasma oscillations necessary to generate
the observed excess DM. Nonetheless, we are not able to
provide any substantial independent constraints on the net
magnetic field with our GFR modeling. Whether such an
extreme B-field orientation can exist in a relativistic
medium is subject to further study. Hence, it is more
probable that the FRB emission region and the birefrin-
gent medium are spatially separated. Determining the
location of the GFR-inducing media along the line of sight
remains a challenging task in our modeling efforts.

VIII. IMPLICATIONS

Repeating FRBs exhibit a variety of polarization proper-
ties. Prior to the discovery of the FRB 20201124A, none of
the repeating sources had shown evidence for CP. Studies in
the context of the lack of observed CP and the likelihood of
GFR in bursts from the most-studied repeating source,
FRB 20121102A [33,49], placed limits on the magnetic
geometry of its associated extreme magneto-ionic environ-
ment [23]. Based on a complete polarized radiative transfer
framework [52], it has been argued that the persistent radio
synchrotron nebula associated with FRB 20121102A must
be an admixture of highly relativistic and cold electrons
(γ ≲ 3) to explain the non-detection of CP [49]. Thus,
measurements of CP in repeating FRBs provides a means to
probe the low-energy end (γ ≲ 100) of the relativistic
electron distribution, which is otherwise not observable
with standard methods [49].
Unlike relatively stable polarization features in most

repeating FRB sources, the FRB 20201124As source
shows significant LP and CP changes across its repeat
bursts. The presence of CP is also not uniform in bursts
even on a scale of a few milliseconds [21,22], suggesting a
time-variable mechanism responsible. Additionally, sim-
ilar large PA swings of ∼50°, as seen across subpulse C1 in
Fig. 1, are not seen in either subpulse C2 or subsequently
detected bursts. The downward curve of the PA swing in
C1, not very frequently seen in FRBs, is somewhat
reminiscent of magnetars and radio pulsars. Such PA
variation is usually interpreted in terms of structural
changes around the progenitor magnetosphere during
the activity cycle and the burst emission originating from
different regions [36–38]. However, an important distinc-
tion is that the observed PA variation is averaged over
many rotations in the case of pulsars and magnetars and
thus can have a somewhat different distribution due to the
presence of orthogonal polarization modes [53]. The non-
detection of GFR and similar frequency-dependent CP in
other bursts from this source indicates the rarity of the
necessary magnetic field alignments and the plasma

conditions along the LOS and sets the FRB20201124A
source as an extreme case in the FRB population.
GFR and relativistic plasma effects can potentially

be further probed in similar bright bursts from FRB
20201124A and other FRB sources. Detection of a positive
correlationbetween theFaradayRMvariations in subsequent
burstswith the presence ofCPwouldbe compelling evidence
for the GFR. If the CP originates in the magnetosphere, we
would also expect a correlation between the degree of
observed CP and the PA variation across the pulse profile
[54]. Detection of excess dispersion alongwith GFR in these
bursts can directly probe the perpendicular component of the
magnetic field strength in the plasma [55]. However, it is
subject to further study if a relativistic plasma can generate
such observational changes in the burst DM.
Repeating FRBswith high activity rates provides a unique

way to probe the relativistic plasma. Detection of CP
provides a powerful diagnostic of magnetic field geometry
and particle densities in the vicinity of the progenitor
compared to LP. We showed that the observed high levels
of CP in a repeat burst fromFRB 202021124A are consistent
with being generated via a generalized form of Faraday
rotation. We showed that the properties of the intervening
medium responsible for theGFRare consistentwith a plasma
dominated by relativistic particles, possibly a pair-plasma.
Such a medium can also explain the apparent DM excess
inferred from the burst spectra, which can then be used to
estimate the perpendicular B-field. We discussed the com-
plications associated with GFR modeling and the signifi-
cance of having a precise estimate of RM and DM along the
LOS to estimate the second-order relativistic effects inducing
GFR. Long-term monitoring of these spectro-polarimetric
effects across the population of repeating FRBs could enable
detailed studies of the plasma composition and magnetic
topology of the immediate environment of the progenitor.
Thismay, in turn, allow us to place constraints on the types of
objects that produce repeating FRBs.
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