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The polarization of fast radio bursts (FRBs), bright astronomical transients,

contains crucial information about their environments. We report polariza-

tion measurements of five repeating FRBs, the abundant signals of which en-

able wide-band observations with two telescopes. A clear trend of lower polar-
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ization at lower frequencies was found, which can be well characterized by a

single parameter rotation-measure-scatter (σRM) and modeled by multi-path

scatter. Sources with higher σRM have higher RM magnitude and scattering

timescales. The two sources with the most substantial σRM, FRB 20121102A

and FRB 20190520B, are associated with a compact persistent radio source.

These properties indicate a complex environment near the repeating FRBs,

such as a supernova remnant or a pulsar wind nebula, consistent with their

arising from young populations.

Fast radio bursts (FRBs) are the brightest millisecond-duration-astronomical transients in

radio bands (1). Some FRBs are known to repeat, such as FRB 20121102A (2), but it re-

mains unclear whether repeating fast radio bursts (hereafter repeaters) are ubiquitous or peculiar

sources. Whether all FRBs repeat on some time scale, or if repeaters form a separate population

from single-burst sources, has implications for the energy source (3), host environments (4),

luminosity function (5), apparent and intrinsic event rates (6), and predicted survey yields (7).

Information about the FRB hosts and environments could be obtained from their polar-

ization. Faraday rotation is a phenomenon where the polarization position angle of linearly

polarized radiation propagating through a magneto-ionic medium is rotated as a function of fre-

quency, quantified by the Rotation Measure (RM), which carries information about the local en-

vironment and the intervening medium. The substantial and time-varying RM of FRB 20121102A

has been interpreted as due to a dynamic magneto-ionic environment (8), such as an expanding

supernova remnant or a pulsar wind nebula (9,10). The polarization position angle and fraction

of linear/circular polarization could constrain the emission mechanisms (11, 12). For example,

a constant polarization position angle across a burst is consistent with either a far-away model

invoking a relativistic shock or emission from the outer magnetosphere of a neutron star (3).

Alternatively, the varying polarization angle observed in the repeater FRB 20180301A has been
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interpreted as originating within the magnetosphere of a magnetar (a highly magnetized neutron

star) (13).

We analyze the polarization properties of 21 FRB sources, 9 of which have been confirmed

to repeat. We observed five of them, FRB 20121102A, FRB 20190520B, FRB 20190303A,

FRB 20190417A, and FRB 20201124A using the Five-hundred-meter Aperture Spherical radio

Telescope (FAST) and the Robert C. Byrd Green Bank Telescope (GBT). The other 16 sources

are taken from the literature (listed in Table S1). Our goal is to examine their RM, linear

polarization fraction and its dependence on frequency.

The repeater FRB 20121102A has been precisely localized to a dwarf galaxy (2,14). It has a

bimodal burst energy distribution with 1652 independent bursts detected in 59.5 hours spanning

62 days (15). Using the same dataset, we searched RM in each of the 1652 bursts and detected

no linear polarization setting a 6% upper limit on the degree of linear polarization at 1.0-1.5 GHz

(16). For comparison, previous observations showed almost 100% linear polarization at 3-

8 GHz (8).

FRB 20190520B is another repeater localized to a persistent radio source (PRS) in another

dwarf galaxy (17, 18). An RM search for the 75 bursts presented in Ref. 18 resulted in no

detection, with an upper limit of 20% on the degree of linear polarization at 1.0-1.5 GHz (16).

Our follow-up observations with the GBT detected three bursts from 4-8 GHz band with an

average RM of 2759 rad m−2 (16). Representative polarization pulse profiles and dynamic

spectra of this source are shown in Figure 1C.

FRBs 20190303A, 20190417A, and 20201124A were discovered at 400–800 MHz (19,

20) . We followed up these sources with the FAST 19-beam system at 1.0-1.5 GHz. From

FRB 20190303A, 3 bursts were detected with an average RM of -411 rad m−2, which help local-

ize the source to (Right Ascension–RA, Declination–Dec) = (13h51m58s, +48◦07′20′′) (J2000)

with a 2.6′ error circle (16). Compared with the earlier lower-frequency measurements (19),

3



the RM has changed about 100 rad/m2 over 1.5-year timespan. In contrast to the earlier low

linear polarization (19), the bursts detected with FAST are nearly 100% linearly polarized.

From FRB 20190417A, we detected 23 bursts, 5 of which have measurable polarization with

an average RM of 4681 rad m−2. The estimated position of FRB 20190417A is (RA, DEC) =

(19h39m22s, +59◦18′58′′) (J2000) with an error circle of 2.6′ (16). FAST follow-up observa-

tions of FRB 20201124A resulted in a large sample bursts, of which 11 were bright enough to

be used in our analysis (16). We also detected 9 polarized bursts with the GBT at 720–920 MHz,

with an average RM of -684 rad m−2. Both FRB 20190417A and FRB 20201124A have higher

linear polarization at higher frequencies. The average RMs of each FRB are listed in Table S2.

The time of arrival (ToA), the central frequency of the burst emission (weighted by the burst

signal-to-noise ratio as a function of frequency), the intra-channel depolarization fdepol (see be-

low and Eq. 1), RM, and degree of de-biased (16) linear and circular polarization of each pulse

are listed in Table S3. Representative polarization pulse profiles and their dynamic spectra are

shown in Figure 1 (16).

The observations of these four sources all indicate decreasing linear polarization with de-

creasing frequencies. To explain this behaviour, we consider three effects: i) intrinsic frequency

evolution of the linear polarization, ii) intra-channel depolarization, and iii) RM scatter.

Intrinsic frequency evolution of linear polarization is already known for pulsars (21). The

polarization tends to decrease from lower to higher frequencies, which has been attributed to

emission from different heights in the pulsar magnetospheres (22). This is the opposite trend

to the one we find for repeating FRBs, so a direct analogy is not supported. Given the lack of

understanding of FRB origin(s), our results cannot rule out other scenarios involving pulsar-

magnetosphere-like environments.

The alternative intra-channel depolarization fdepol, the fractional reduction in the linear po-
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Figure 1: Polarization position angle and intensity profiles with dynamic spectra for four
repeating FRBs. In each panel, sub-panel I shows the polarization position angles with gray
dashed lines indicating ±90◦; sub-panel II shows the polarization pulse profiles with lines in-
dicating total intensity (black, normalized to a peak value of 1.0), linear polarization (red) and
circular polarization (blue); sub-panel III shows the dynamic spectra.
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larization amplitude, is defined as:

fdepol ≡ 1− sin(∆θ)

∆θ
, (1)

where ∆θ is the intra-channel polarization position angle rotation. ∆θ is defined as ∆θ ≡
2RMobsc

2∆ν
ν3c

, where RMobs is the observed rotation measure, c is the speed of light, ∆ν is the

channel frequency width, and νc is the central channel observing frequency. For repeaters, the

measured RMs are too small for explaining the depolarization through this effect (fdepol listed

in Table S1 and Table S3). We infer that intra-channel depolarization is unlikely to be a major

cause of depolarization for repeating FRBs.

We next examine RM scattering, the dispersion of RM about the apparent mean for each

source (23). RM scattering can be caused by multi-path transmission of signals in an inho-

mogeneous magneto-ionic environment. If the scattering is large enough, it can become sub-

stantial enough to depolarize the pulses, analogous to pulsar pulses passing through a stellar

wind (24, 25). We parametrize the depolarization due to RM scattering as (23):

fRM scattering ≡ 1− exp (−2λ4σ2
RM) , (2)

where fRM scattering is the fractional reduction in the linear polarization amplitude, σRM is the

standard deviation of the RM and λ is the wavelength.

Depolarization at lower frequencies, consistent with irregular RM variations, has been seen

in a few pulsars with scatter broadening. For example, the variable degree of linear polarization

observed in the pulsar PSR J0742−2822 between 200 MHz and 1 GHz can be described by

Eq. 2 with σRM = 0.13 rad/m2 (26).

Complex magneto-ionic environments have previously been inferred from observations for

some repeaters (8, 13). We also expect RM scatter for FRBs in such environments. In Fig-

ure 2, we show the degree of linear polarization versus frequency for each source individu-

ally. Frequency evolution can be seen for all sources, but the depolarization occurs at different
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Figure 2: The degree of linear polarization for FRB sources is consistent with RM scat-
tering. Data points with 1σ error bars indicate the degree of linear polarization as a function
of frequency for each FRB. The colored lines are models of emission that is intrinsically 100%
linearly polarized then depolarized by various σRM levels (Equation 2), fitted to each FRB sep-
arately. Arrows indicate 95% upper and lower limits. All the bursts in the sample are consistent
with the RM scattering models. Data values and sources are listed in Tables S1 and S3, and
the model σRM values in Table S2. CHIME, AO, VLA, LOFAR and ASKAP at the top repre-
sents Canadian Hydrogen Intensity Mapping Experiment, Arecibo Observatory, Karl G. Jansky
Very Large Array, Low-Frequency Array and Australian Square Kilometre Array Pathfinder,
respectively.
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bands. FRB 20180916B is depolarized below 200 MHz (27), while FRB 20121102A (28) is

depolarized at frequencies lower than 3.5 GHz. We fitted the data for each repeater using the

model in Equation 2, with a different σRM for each source (16). For the sources depolarized at

lower frequencies (<200 MHz), such as FRB 20180916B, we derive σRM ∼ 0.1 rad/m2 (Table

S2). Such a small scatter is consistent with the environment being less turbulent, dense, and/or

magnetized than that of other FRBs, as might be expected for an old stellar population (27).

We find σRM ∼ 2.5 rad/m2 for FRB 20201124A, σRM ∼ 3.6 rad/m2 for FRB 20190303A,

σRM ∼ 6.1 rad/m2 for FRB 20190417A, σRM ∼ 6.3 rad/m2 for FRB 20180301A and σRM ∼

30.9 rad/m2 for FRB 20121102A (Table S2). The RM scatter of 30.9 rad/m2 is consistent with

FRB 20121102A originating in a younger stellar population (28) that produced an inhomoge-

neous magneto-ionic environment. For the repeater FRB 20190520B, which depolarizes at fre-

quencies higher than 1 GHz, we derive σRM ∼ 218.9 rad/m2. The observations are consistent

with repeating bursts being intrinsically nearly 100% linearly polarized, then being depolarized

through transmission processes, which can be characterized by the RM scatter parameter σRM.

The same environment that gives rise to large σRM could also cause Faraday conversion wherein

linearly polarised light is converted to circularly polarised light, potentially explaining the cir-

cular polarization observed in some FRBs (29). We interpret the σRM values derived from our

analysis as a measure or the complexity level of the magneto-ionic environments hosting active

repeaters, with larger σRM values being possibly associated with younger populations.

Figure 3 shows the relation between RM and linear polarization for repeating and non-

repeating FRBs in our sample with polarization measurements. A Kolmogorov-Smirnov test

between the repeaters and non-repeaters finds the RM distributions differ, indicating they may

reside in different environments. We caution that the intra-channel depolarization may introduce

a selection bias if the non-repeaters have systematically larger RMs, because discovery searches

tend to use coarser filter banks than follow-up observations.
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If σRM is due to multi-path propagation effect in individual FRB bursts, we would expect

the same effect to produce a temporal scattering in the pulse profile. In Figure 4, we show RM

scatter and scattering timescales, which are listed in Table S2, for our repeater sample. The

two are positively correlated. This is consistent with the hypothesis that RM scatter and pulse

scattering originate from a single plasma screen, such as a supernova remnant or pulsar wind

nebula (30). In Figure 4, σRM and |RM| are shown to be correlated positively, which, in the

context of our multi-path-scattering model, indicate an environment, where a stronger magnetic

field strength B tend to have a larger fluctuation in B.

Only two FRBs FRB 20190520B and FRB 20121102A, are known to have associated com-

pact PRSs (4, 18). We find that these two repeaters have the largest σRM. The combination

of large RM (dense) and strong B field (magnetized) tend to produce large σRM. A denser

and more magnetized environment likely also produces stronger synchrotron radiation from the

nebula, resulting in a PRS (31), consistent with the multi-path-scattering picture. Repeaters

with large observed σRM could be more affected by turbulence, resulting in large fluctuations of

electron density and magnetic field, which may explain the diversity among repeaters (30).

In summary, σRM can be used to quantify the complexity of the magnetized environments,

which seem to be commonly associated with repeating FRBs. The more substantial the value

of σRM possibly indicates the source being younger.
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44. F. Vazza, M. Brüggen, P. M. Hinz, D. Wittor, N. Locatelli, and C. Gheller, Probing the

origin of extragalactic magnetic fields with Fast Radio Bursts, Monthly Notices of the Royal

Astronomical Society 480, 3907-3915. (2018). 10.1093/mnras/sty1968

45. N. Oppermann, H. Junklewitz, M. Greiner, T. A. Enßlin, T. Akahori, E. Carretti, B. M.

Gaensler, A. Goobar, L. Harvey-Smith, M. Johnston-Hollitt, L. Pratley, D. H. F. M.

Schnitzeler, J. M. Stil, and V. Vacca, Estimating extragalactic Faraday rotation, Astronomy

and Astrophysics 575, A118. (2015). 10.1051/0004-6361/201423995

19



46. P. Beniamini, P. Kumar, and R. Narayan, Faraday depolarization and induced circular po-

larization by multipath propagation with application to FRBs, Monthly Notices of the Royal

Astronomical Society 510, 4654-4668. (2022). 10.1093/mnras/stab3730

47. S. P. Reynolds, B. M. Gaensler, and F. Bocchino, Magnetic Fields in Supernova Remnants

and Pulsar-Wind Nebulae, Space Science Reviews 166, 231-261. (2012). 10.1007/s11214-

011-9775-y

48. Yang, Y.-P. & Zhang, B., Dispersion Measure Variation of Repeating Fast Radio Burst

Sources, The Astrophysical Journal, 847, 22. (2017). 10.3847/1538-4357/aa8721

49. P. Kumar, R. M. Shannon, S. Osłowski, H. Qiu, S. Bhandari, W. Farah, C. Flynn, M. Kerr,

D. R. Lorimer, J.-P. Macquart, C. Ng, C. J. Phillips, D. C. Price, and R. Spiewak, Faint

Repetitions from a Bright Fast Radio Burst Source, The Astrophysical Journal 887, L30.

(2019). 10.3847/2041-8213/ab5b08

50. CHIME/FRB Collaboration, B. C. Andersen, K. Bandura, M. Bhardwaj, P. Boubel, M. M.

Boyce, P. J. Boyle, C. Brar, T. Cassanelli, P. Chawla, D. Cubranic, M. Deng, M. Dobbs,

M. Fandino, E. Fonseca, B. M. Gaensler, A. J. Gilbert, U. Giri, D. C. Good, M. Halpern,
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Materials and Methods

S1 Observations and burst detection

S1.1 FRB 20190520B

FRB 20190520B was observed from 3.95–7.8 GHz with the GBT’s C-Band receiver and the

Versatile Green Bank Astronomical Spectrometer (VEGAS) digital backend (32). VEGAS

consists of eight spectrometer banks, each of which can sample 1.5 GHz of bandwidth, though

filters reduce the usable bandwidth to 1.25 GHz per bank. In the case of FRB 20190520B, we

used four VEGAS banks centered on 4312.5, 5437.5, 6562.5, and 7687.5 GHz. Each of these

sub-bands overlapped the next by 187.5 MHz, ensuring complete sampling over the frequencies

of interest. The data were then combined in post-processing to cover the full available receiver

band.

Data were recorded in the PSRFITS standard format (33). Full-Stokes spectra were recorded

every 43.907 µs with 0.366 MHz-wide channels (i.e., 4096 channels per spectrometer bank).

We searched for bursts with widths up to 10 ms in dedispersed time series using a matched

filtering algorithm as implemented by the PRESTO program (34) SINGLE PULSE SEARCH.PY.

We retained the native sampling rate of the full-resolution data but reduced the frequency reso-

lution by a factor of four to increase computational efficiency. Using wider channel bandwidths

leads to slightly more intra-channel dispersive smearing, but the effect is not large. For example,

at the lowest frequency in our observing band (3.95 GHz) the dispersive smearing at our native

frequency resolution is 0.06 ms, and in the reduced-resolution data it is 0.2 ms, which is still

much less than the typical FRB pulse width. The data were then dedispersed using the PRESTO

program PREPSUBBAND at dispersion measures (DMs) ranging from 1110–1309 pc cm−3 with

a step size of 1 pc cm−3. Searching for bursts over a range of DMs allowed us to differentiate

between astrophysical sources and radio frequency interference by looking for a characteristic
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peak in signal to noise ratio (S/N) near the true DM of the FRB and a monotonically decreasing

S/N as the error in DM increases. We examined all candidate bursts with S/N>6 to confirm or

reject their astrophysical nature.

Data were calibrated using the PSRCHIVE package (33). On and off-source observations

of the standard calibrator 3C 394 were used to measure the intensity of the C-Band receiver’s

built-in noise diode. The noise diode was observed again at the position of FRB 20190520B

prior to the main observations, and these data were used to calibrate each burst from the FRB.

S1.2 FRB 20190303A

Observations of FRB 20190303A were carried out using the FAST telescope mounted with

the 19-beam receiver (35), which operates with a frequency range from 1050-1450 MHz and

provides two data streams (one for each linear polarization). The data streams are processed

with the Reconfigurable Open Architecture Computing Hardware–version 2 (ROACH2) signal

processor (35). The output data files are recorded as 8 bit-sampled search mode PSRFITS files

with 4096 frequency channels.

Observations were carried out in six sessions. We carried out the first and second session

on 4 Jan 2021 and 5 Jan 2021 to do a 2-hour gridding observation using all beams of the 19-

beam receiver. 196.608µs time resolution was used. The central beam of the receiver was

initially placed on the previously reported position (RA = 13h53min, Dec = +48◦15′) (J2000)

(19). Figure S1 shows the first gridding observation of FRB 20190303A on 4 Jan 2021 and

5 Jan 2021. One burst was detected in Beam M13 of the N3 pointing with position of (RA =

13h51m58s, Dec = 48◦07′20′′) (J2000).

We then carried out the third and fourth session on 19 Jan 2021 and 20 Jan 2021 to do a

second 2-hour gridding observation. 98.304µs time resolution was used. The central beam of

the receiver was initially placed on the position of the first detection. One burst was detected in
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Beam M01 of the N1 pointing, i.e. the position of the first detection.

Because we did not detect any burst signal in other beams, we take (RA = 13h51m58s, Dec

= +48◦07′20′′) (J2000) as the probable FRB position and carried out another two observations

using only the central beam placed on the probable FRB position. 49.152µs time resolution

was used. The fifth session on 3 Feb 2021 lasted for two hours and no bursts were detected.

The sixth session on 14 Feb 2021 lasted for one hour and two bursts were detected.

The tracking data was searched using the FAST MINER pipeline (36). The data stream from

each beam was processed using HEIMDALL (37), which dedisperses the data incoherently with

DM ranging between 20 and 2000 pc cm−3. We kept the candidates that show less than 4

adjacent beams and S/N greater than 7 for further identification from waterfall plots. From the

waterfalls we identified four bursts reported above.

S1.3 FRB 20190417A

The observations of FRB 20190417A were carried out using the FAST telescope mounted with

the 19-beam receiver. Observations were carried out in two sessions. We carried out the first

and second session on 30 Jul 2020 and 17 Aug 2020 to do a 1-hour observation using all

beams of the 19-beam receiver. 49.152 and 98.304 µs time resolution were used. The central

beam of the receiver was initially placed on the previously reported position (RA = 19h39min,

Dec = +59◦24′) (J2000) (19). Two bursts were detected in Beam M07 with position of (RA =

19h39m22s, Dec = +59◦18′58′′) (J2000). The central beam of the receiver was placed on the

position of the first detection. 23 bursts were detected in Beam M01, i.e. the position of the first

detection.

The tracking data was searched by dedicated and blind search during the observational cam-

paign. We performed 14 box-car pulse width match-filter grids scheduled in logarithmic space

from 0.1 to 30 ms using PRESTO. A zero-DM matched filter was applied to mitigate radio fre-
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quency interference (RFI) in the blind search. The data were de-dispersed at DMs ranging from

800 to 1800 pc cm−3 with the step size of 1 pc cm−3. All of the possible pulse candidates of

S/N>6 were plotted, then be confirmed pulse by pulse with dispersive signature to remove the

narrow-band RFI.

S1.4 FRB 20201124A

FRB 20201124A was observed with the 800 MHz feed ( 720–920 MHz) of the GBT’s prime

focus receiver and the VEGAS digital backend. The data were coherently dedispersed at a DM

of 413.52 pc cm−3 and recorded in the PSRFITS standard format. Full polarization self and cross

products were recorded every 81.92 µs with 195.3125 kHz-wide channels (i.e., 1024 frequency

channels). Data were calibrated using the same procedure as we used for FRB 20190520B,

except we used FIRST J141341.6+15093 (aka J1413+1509) as the calibration source.

We searched for bursts using PRESTO in a similar way as with FRB 20190520B, with the

main differences being that we retained the full time and frequency resolution and searched

DMs ranging from 200–600 pc cm−3 with a step size of 1 pc cm−3. 9 bursts were detected.

FRB 20201124A was also observed with the FAST telescope between 1.0 and 1.4 GHz. The

data streams were processed with the ROACH2 signal processor and recorded as 8 bit-sampled

search mode PSRFITS files with 4096 frequency channels and 49.152µs sampling time. Using

PRESTO, we searched DMs ranging from 200–600 pc cm−3 with a step size of 1 pc cm−3,

resulting in 11 bursts.

S2 Polarization and Faraday rotation

The bursts were dedispersed using previously published dispersion measures, listed in Table S2.

Polarization calibration was performed with the PSRCHIVE software package (33) using the

single-axis model. This calibration strategy uses a noise diode to correct for the differential
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gain and phase between the two polarization channels. This calibration scheme does not correct

for leakage. At FAST, the leakage term is better than -46 dB within the full width at half

maximum region of the central beam as measured during the FAST engineering phase (38),

which corresponds to systematic errors less than 0.5%. The polarization properties of bright

pulsars are consistent between FAST and the Parkes Pulsar Timing Array within 0.5% (39).

The cross-polarization leakage of the GBT C-Band receiver when recording linear polarization

is < −32 dB over our observed bandwidth, and over most of the band it is < −37 dB, which

corresponds to systematic errors of about 1.4%. To excise RFI, we used the PSRCHIVE software

package to median filter each burst in the frequency domain and mitigated RFI of each burst

manually.

The RM is defined as

RM ≡ 0.81

∫ 0

d

B‖(l)ne(l)

(1 + z)2
dl, (S1)

where l is the line-of-sight position; B‖ is the line-of-sight magnetic field strength in micro-

gausss; ne is the electron density; z is the redshift of the source; and d is the distance to the

source. We report the observed RM and do not correct it for redshift,. We searched for an RM

detection using the methods of Stokes QU-fitting (23) and RM-synthesis (40,41). The RM val-

ues of FRB 20190520B, FRB 20190303A, FRB 20190417A, and FRB 20201124A are listed

in Table S3. Examples of the results from RM-synthesis for each FRB with RM detection are

shown in Figure S2 and for Stokes QU-fitting in Figure S3. We find consistent values with both

methods (Table S3).

For FRB 20121102A, we obtained polarization measurements resulting in non-detection of

linear polarization at 1.0-1.5 GHz with FAST. We searched for the RM from−3.0×105 to 3.0×

105 rad m−2 for all bursts of FRB 20121102A at 1.0-1.5 GHz with FAST and we show the RM

search for the three brightest bursts in Figure S4. No peak was found in the Faraday spectrum

and we place an upper limit of 6% on the degree of linear polarization for FRB 20121102A at
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1.25 GHz.

For FRB 20190520B, we obtained polarization measurements resulting in non-detection of

linear polarization at 1.0-1.5 GHz with FAST. We searched for the RM from −3.0 × 105 to

3.0× 105 rad m−2 for three brightest bursts of FRB 20190520B at 1.0-1.5 GHz with FAST and

the result is shown in Figure S4. No peak was found in the Faraday spectrum and we place

an upper limit of 20% on the degree of linear polarization for FRB 20190520B at 1.25 GHz.

fdepol = 0.2 when RM = 105 rad/m2, therefore the non-detection of linear polarization of

FRB 20121102A and 20190520B at 1.0-1.5 GHz is not caused by intra-channel depolarization.

Finally, we calculated the degrees of linear polarization and circular polarization for bursts

with RM detection. We first derotated the linear polarization with the measured RM. The repre-

sentative RM-corrected polarization profiles of FRB 20190303A, FRB 20190520B, FRB 20190417A,

and FRB 20201124A are shown in Figure 1. The measured linear polarization is overestimated

in the presence of noise. Therefore we use the frequency-averaged, de-biased total linear polar-

ization (42) :

Lde-bias =




σI

√(
Li

σI

)2

− 1 if Li

σI
> 1.57

0 otherwise,
(S2)

where σI is the Stokes I off-pulse standard deviation and Li is the measured frequency-averaged

linear polarization of time sample i. We defined the degree of linear polarization as (ΣiLde-bias,i)/(ΣiIi)

and that of circular polarization as (ΣiVi)/(ΣiIi), where the summation is over the bursts and Vi

is the measured frequency-averaged circular polarization of time sample i. Defining I = ΣiIi,

L = ΣiLde-bias,i and V = ΣiVi, uncertainties on the linear polarization fraction and circular

polarization fraction are calculated as:

σρ/I =

√
N +N ρ2

I2

I
σI , (S3)

where N is the number of time samples of the burst, and ρ = L, V for linear and circular
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polarization fraction, respectively. The degrees of linear polarization and circular polarization

are listed in Table S3.

S3 RM budget and σRM

The observed total rotation measure RMtot is a combination of multiple contributions:

RMtot = RMiono + RMGal + RMIGM + RMhost + RMsource, (S4)

where RMiono is the RM due to the Earth’s ionosphere, RMGal is the Galactic foreground,

RMIGMis the contribution from the intergalactic medium (IGM), RMhost is the RM in a host

galaxy and RMsource is the intrinsic component from magnetised plasma associated with the pro-

genitor source and its immediate environment. The observed RMhost and RMsource are smaller

by (1 + z)2 compared with their rest-frame values (Eq. S1), and our RM budget assumes that

the observed values are the same as the rest-frame values to simplify the analysis. RMiono does

not exceed a few rad/m2 (43). RMIGM is typically smaller than 20 rad/m2 (44) and RMGal is

typically smaller than 100 rad/m2 (45). RMhost can be reasonably assumed to be smaller than

RMGal. Thus we assume RMtot = RMsource for the repeaters in our sample.

For each repeater which has bursts with degree of linear polarization less than 90%, we de-

termine σRM by fitting the data with the model in Eq. 2 assuming each burst has 100% intrinsic

linear polarization. For FRB 20201124A, an unweighted least squares fit was used because the

FAST measurements have much smaller uncertainties than the GBT data. For other FRBs, an

inverse-variance weighted least squares fit was used. For λ in Eq. 2, we calculated the central

frequency of each burst weighted by signal-to-noise ratio and converted the weighted frequency

to the equivalent wavelength λ. The resulting σRM values are listed in Table S2. The inferred

σRM is in the observer’s frame. If the source were at a high redshift z, then the true σRM is higher

by a factor of (1+z)2, which is the same scaling as RM. For instance, if FRB 20190417A, which
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has a large DM of 1378 pc cm−3 (19), is at z = 1, then the true σRM is a factor of 4 larger, making

this source similar to FRB 20121102A.

Supplementary Text

S4 RM scatter and temporal scattering caused by a magne-
tised plasma screen

In this section, we discuss scintillation, temporal scattering, and σRM from a magneto-ionic in-

homogeneous plasma screen near the repeater source, as shown schematically in Figure S5 (see

also Ref. (46) for a more detailed treatment). We consider that the plasma screen has a thickness

∆R and a radius R, respectively, and assume ∆R ∼ R. The electron density fluctuation is δne

in the scale δl. δl/R < θs is required for scintillation and temporal scattering, where θs is the

refraction angle from Eq.(S5). When a radio burst propagates in the plasma screen, the variation

in phase velocity is approximately δvpha ' cδ(ω2
p)/2ω

2 = 2πe2cδne/meω
2 for ω � ωB, where

me is the electron rest mass, ωp = (4πe2ne/me)
1/2 is the plasma frequency, ωB = eB/mec is

the electron cyclotron frequency, and ω is the wave angular frequency. The wavefront is ad-

vanced or retarded by ∼ (δvpha/c)δl relative to propagation in a homogeneous medium, after

the wavefront traverses a single clump of lengthscale δl. After traveling through the plasma

screen with thickness ∆R, the wavefront has crossed ∆R/δl clumps, and the advance or retar-

dation of the wavefront is δx ∼ (∆R/δl)1/2(δvpha/c)δl. The wavefront surface will be tilted by

an angle of θs ' δx/δl due to multiple refraction by clumps, and the characteristic value of the

refraction angle is

θs '
(

∆R

δl

)1/2
e2

2πmeν2
δne = 7.1× 10−6 rad

(
∆R

1 pc

)1/2

×
(

δl

1012 cm

)−1/2(
δne

100 cm−3

)( ν

1 GHz

)−2

, (S5)
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where ν = ω/2π is the wave frequency. From Figure S5, the path-length difference between

two rays is ∆s = R(1− cos θs) ' Rθ2
s/2 for θs � 1. Thus, the temporal scattering time can be

estimated as

τsca '
Rθ2

s

2c
= 2.6 ms

(
R

1 pc

)2

×
(

δl

1012 cm

)−1(
δne

100 cm−3

)2 ( ν

1 GHz

)−4

. (S6)

Here, the assumption of ∆R ∼ R is used. For a certain plasma screen, scintillation and temporal

scattering occur together and have a relationship of ∆νsci = 1/(2πτsca), where ∆νsci is the

scintillation bandwidth. The corresponding scintillation bandwidth is

∆νsci '
1

2πτsca

= 62 Hz

(
R

1 pc

)−2

×
(

δl

1012 cm

)(
δne

100 cm−3

)−2 ( ν

1 GHz

)4

, (S7)

This value is much smaller than the observed scintillation bandwidth of ∆νsci ∼ 1MHz. This

is consistent with the observed scintillation being more likely contributed by the interstellar

medium within the Milky Way.

Next, we discuss the effect of RM scatter. We assume that the magnetic field also has a

typical lengthscale δl. The differences of multi-path RMs is large enough to cause depolar-

ization when a radio wave propagates in the magneto-ionic inhomogeneous environment. The

decorrelation lengthscale of the fluctuation of Faraday rotation angle could be much larger than

that of the fluctuation of wave phase in the plasma screen, because the evolution of the rotation

angle is much slower than that of the wave phase for ω � ωB. Because the large-scale turbu-

lence dominates the Faraday rotation, the decorrelation lengthscale of Faraday rotation angle is
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approximately the transverse lengthscale of the visible part of the plasma screen, i.e.,

lsca = θsR = 2.2× 1013 cm

(
R

1 pc

)3/2

×
(

δl

1012 cm

)−1/2(
δne

100 cm−3

)( ν

1 GHz

)−2

. (S8)

According to the definition of rotation measure, i.e., φ ≡ λ2RM, where φ is the rotation angle,

λ is the wavelength, and RM is the rotation measure, the total RM scatter contributed by the

plasma screen could be calculated by

σRM '
√

∆R

lsca

|RMsca| = 1.4 rad m−2

(
R

1 pc

)1/2

×
(

δ(neB‖)

103 cm−3 µG

)(
lsca

1013 cm

)1/2

, (S9)

where the RM contribution in a turbulence region with scale lsca is given by

RMsca =
e3

2πm2
ec

4
δ(B‖ne)lsca. (S10)

The requirements of δ(neB‖) ∼ 103 cm−3µG on the scale lsca ∼ 1013 cm and R ∼ 1 pc

suggest that the RM scatter and temporal scattering originate from a radio burst propagating in

an inhomogeneous magneto-ionic environment near the repeating source, which may be related

to a supernova remnant (SNR) or a wind nebula (PWN). For example, the observations of SNRs

show that they have a magnetic field strength B ∼ a few µG to a few mG (47). For an SNR

with the ejecta mass Mej, the electron number density at R could be estimated as

ne '
Mej

mp(4π/3)R3
= 98 cm−3

(
Mej

10M�

)(
R

1 pc

)−3

(S11)

where mp is the proton mass, and the ejecta is assumed to be dominated by hydrogen here.

Thus, δ(neB‖) ∼ 103 cm−3µG at R ∼ 1 pc is attainable for an SNR. On the other hand,

according to Eq.(S6) and Eq.(S8), lsca ∼ 1013 cm is consistent with the observed temporal

scattering time. In conclusion, the required parameters in Eq.(S9) are attainable for the SNR

11



scenario (see Refs. (9, 48) for more detailed theoretical treatments of SNR properties). At last,

the DM contribution from the plasma screen is given by

DM ' neR = 100 pc cm−3
( ne

100 cm−3

)( R

1 pc

)
. (S12)

This explains the large DMhost values observed in some of these repeating FRBs, especially

FRB 20121102 (2) and FRB 20190520 (18).
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FRB20190303A rotation angle (degree): 0.0

N1 M01 RA: 13:53:00.00 DEC: 48:15:00.0
N2 M01 RA: 13:52:42.28 DEC: 48:15:00.0
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Figure S1: Gridding observations. Gridding observations of FRB 20190303A on 4 Jan 2021
(N1, N2) in legend and 5 Jan 2021 (N3, N4). Each pointing of N1, N2, N3 and N4 lasts for 30
minutes.
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(d) FRB 20201124A

Figure S2: RM search with RM-synthesis. Example results of RM-synthesis for each FRB
with RM detection. The blues lines represent linear polarization fraction of the bursts as a
function of rotation measure.
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(d) FRB 20201124A

Figure S3: RM search with Stokes QU-fitting. Example results of Stokes QU-fitting for the
same bursts shown in Figure S2. Each panel shows the two dimensional posterior probability
distributions of the RM and PA for FRB 20190303A (Panel A), FRB 20190417A (Panel B),
FRB 20190520B (Panel C) and FRB 20201124A (Panel B). The selection of contour levels is
displayed in the colour bar.
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Figure S4: RM search for FRBs 20121102A and 20190520B. RM search for the three bright-
est bursts of FRB 20121102A and FRB 20190520B at 1.0-1.5 GHz with FAST. No peak was
found in the Faraday spectrum.
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Figure S5: A Schematic of temporal scattering and RM scatter induced by multi-path
propagation. Schematic configuration of FRB propagating in the magneto-ionic environ-
ments as the plasma screen around the FRB source.
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Table S1: Polarization properties of published FRBs. For multiple bursts, if the bursts have
nearly 100% linear polarization, we just include the brightest burst, otherwise we include each
of the burst. Column (1): name of the FRB; Col.(2): Repetition; Col.(3): the telescope of
the observation; Col.(4): frequency of the burst weighted by signal to noise ratio for repeaters.
For non-repeaters, it is the representative frequency of the receiver; Col.(5): channel frequency
width; Col.(6): fractional reduction in the linear polarization amplitude; Col.(7): rotation mea-
sure; Col.(8): degree of linear polarization; Col.(9): degree of circular polarization; Col.(10):
references. ‘-’ represents not reported in the reference.

Name Repeater Telescope Frequency ∆ν fdepol RM % Linear % Circular Ref
(MHz) (MHz) (rad m−2)

FRB 20121102A yes AO 4600 1.56 7.1× 10−3 71525± 3 95.2± 0.4 - (28)
VLA 3700 0.25 9.9× 10−4 86550± 20 93± 2 - (28)
VLA 3200 0.25 2.4× 10−3 86550± 20 86± 1 - (28)

FRB 20171019A yes GBT 820 0.10 - - - - (49)
FRB 20180301A yes FAST 1378 0.12 3.4× 10−6 535± 3* 85± 1 - (13)

FAST 1088 0.12 1.5× 10−5 548± 4 61± 4 - (13)
FAST 1047 0.12 1.7× 10−5 523± 9 40± 3 - (13)
FAST 1160 0.12 1.0× 10−5 557± 9 60± 9 - (13)
FAST 1094 0.12 1.5× 10−5 559± 3 70± 2 - (13)
FAST 1051 0.12 1.8× 10−5 549± 7 59± 5 - (13)
FAST 1441 0.12 2.7× 10−6 553± 13 85± 5 - (13)

FRB 20180916B yes CHIME 550 0.39 2.3× 10−4 −114.6± 0.6 95± 4 - (50)
LOFAR 165 0.01 5.0× 10−4 −115.71± 0.03 70± 4 - (27)
LOFAR 155 0.01 7.4× 10−4 −114.78± 0.09 60± 9 - (27)
LOFAR 115 0.01 4.4× 10−3 −114.43± 0.04 30± 4 - (27)

FRB 20190303A yes CHIME 600 0.39 4.5× 10−3 −504.4± 0.4 21† - (19)
FRB 20190604A yes CHIME 560 0.39 4.5× 10−6 −16± 1 100± 10 - (19)
FRB 20190711A yes ASKAP 1220 4 1.4× 10−6 9± 2 101± 2‡ −1± 2§ (51)
FRB 20110523A no GBT 800 0.05 1.8× 10−6 −186.1± 1.4 44± 3 23± 30 (52)
FRB 20140514A no Parkes 1400 0.39 - - 0± 10‖ 21± 7 (53)
FRB 20150215A no Parkes 1400 0.39 4.4× 10−10 2± 11 43± 5 3± 1 (54)
FRB 20150418A no Parkes 1400 0.39 1.4× 10−7 36± 52¶ 8.5± 1.5 0± 4.5 (55)
FRB 20150807A no Parkes 1400 0.39 1.6× 10−8 12± 1 80± 1 6± 1 (56)
FRB 20151230A no Parkes 1400 0.39 - - 35± 13¶ 6± 11 (57)
FRB 20160102A no Parkes 1400 0.39 5.3× 10−6 −221± 6 84± 15 30± 11 (57)
FRB 20180924B no ASKAP 1300 4 8.7× 10−6 22± 2 90.2± 2.0 −13.3± 1.4 (51)
FRB 20181112A no ASKAP 1300 4 2.0× 10−6 10.5± 4 92# -34#,** (58)
FRB 20190102C no ASKAP 1300 4 2.0× 10−4 −105± 1 82.2± 0.7†† 4.8± 0.5 (51)
FRB 20190608B no ASKAP 1300 4 2.2× 10−3 353± 2 91± 3 −9± 2 (51)
FRB 20190611B no ASKAP 1300 4 7.2× 10−6 20± 4 70± 3†† 57± 3 (51)

* We use value in Table 1 in Ref. (13) obtained by RM synthesis for FRB 20180301A.
† This is a lower bound due to possible leakage of signal of Stokes U into Stokes V. (19)
‡ Value of sub-burst 1. Sub-burst 2 and sub-burst 3 are 94± 2% and 98± 4% linear polarized.
§ Value of sub-burst 1. Sub-burst 2 and sub-burst 3 are 1± 2% and 1± 3% circular polarized.
‖ RM >118000 rad m−2 would cause depolarization.
¶ The linear polarization could be depolarized and the RM could be large.
# Value of the first pulse.
** The degree of circular polarization shows a variation across the pulse, and we choose the largest absolute value of -34.
†† Value of sub-burst 2.
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Table S2: Properties of repeaters with σRM measurements. Column (1): name of the FRB;
Col.(2): Right Ascension (J2000); Col.(3): Declination (J2000), RAs and Decs are taken from
the Transient Name Server (59); Col.(4): dispersion measure; Col.(5): rotation measure, for
FRBs 20121102A, 20180301A and 20180916B, we used averaged RM in Table S1, and for the
others, we used averaged RM in Table S3; Col.(6): RM scatter; Col.(7): scattering timescale,
scaled to 1300 MHz assuming τsca ∝ λ4, where λ is the wavelength. ‘-’ represents no reliable
measurement.

Name RA Dec DM RM σRM τsca

(pc cm−3) (rad m−2) (rad m−2) ms

FRB 20121102A 05h32m +33◦05’ 565.8* 81542 30.9± 0.4 <0.43†

FRB 20180301A 06h13m +04◦39’ 517‡ 546 6.3± 0.4 -
FRB 20180916B 01h58m +65◦44’ 349.2§ -115 0.12± 0.01 0.009 ‖

FRB 20190303A 13h52m +48◦07’ 222.4¶ -411 3.6± 0.1 0.19± 0.04†

FRB 20190417A 19h39m +59◦19’ 1378.2¶ 4681 6.1± 0.5 0.21± 0.06 †

FRB 20190520B 16h02m -11◦17’ 1210.3# 2759 218.9± 10.2 9.8± 2.0 #

FRB 20201124A 05h08m +26◦03’ 413.5** -684 2.5± 0.1 0.59 †

* Ref (15).
† Ref (60)
‡ Ref (13).
§ Ref (50).
‖ Ref (27).
¶ Ref (19).
# Ref (18).
** Ref (20).

Table S3: Polarization Properties of FRBs. Column (1): burst index; Col.(2): Modified
Julian dates referenced to infinite frequency at the Solar System barycentre (61); Col.(3): fre-
quency of the burst weighted by signal to noise ratio.; Col.(4): fractional reduction in the
linear polarization amplitude; Col.(5): RM obtained by RM-synthesis; Col.(6): RM obtained
by Stokes QU-fitting; Col.(7): degree of linear polarization; Col.(8): degree of circular polar-
ization. ‘-’ represents not applicable.

Burst MJD Frequency fdepol RMFDF RMQUfit % Linear % Circular
(MHz) (rad m−2) (rad m−2)

FRB 20190520B (GBT 4.0-8.0 GHz, ∆ν=0.37 MHz)
1 59292.45378759 4820 3.5× 10−7 2448± 194 2168+75

−49 43± 10 −33± 10
2 59296.43479679 4920 5.6× 10−7 3270± 87 3250+77

−71 24± 4 −1± 4
3 59300.46993279 5510 1.7× 10−7 2559± 147 2877+126

−159 43± 3 9± 3
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FRB 20190303A (FAST 1.0-1.5 GHz, ∆ν=0.12 MHz)
1 59232.95530739 1370 1.9× 10−6 −395 ± 14 −395+2

−3 96± 16 10± 12
2 59258.95048596 1200 4.7× 10−6 −416 ± 10 −444+5

−5 73± 14 3± 11
3 59258.96114751 1320 2.7× 10−6 −421 ± 11 −438+7

−4 96± 11 0± 8

FRB 20190417A (FAST 1.0-1.5 GHz, ∆ν=0.12 MHz)
1 59078.63698991 1128 8.8× 10−4 4755± 7 4747+4

−3 64± 5 18± 4
2 59078.65456755 1346 2.9× 10−4 4652± 10 4655+5

−2 86± 4 9± 3
3 59078.66719087 1125 8.4× 10−4 4614± 7 4660+6

−7 69± 10 6± 9
4 59078.66766456 1099 9.9× 10−4 4671± 7 4670+7

−5 76± 5 10± 4
5 59078.67199480 1075 1.2× 10−3 4711± 16 4710+5

−5 52± 7 14± 6

FRB 20201124A (FAST 1.0-1.5 GHz, ∆ν=0.12 MHz)
1 59316.31897656 1121 2.0× 10−5 -703 ± 1 -703 ± 3 97± 1 −6± 1
2 59316.33825543 1098 2.4× 10−5 -730 ± 1 -735 ± 4 99± 1 1± 1
3 59316.34537882 1203 1.3× 10−5 -710 ± 6 -709 ± 1 98± 1 1± 1
4 59316.34677951 1182 1.5× 10−5 -717 ± 1 -714 ± 4 95± 1 5± 1
5 59316.34798014 1302 8.0× 10−6 -697 ± 1 -692 ± 2 98± 1 −4± 1
6 59316.35036991 1122 2.0× 10−5 -701 ± 1 -703 ± 4 96± 1 −1± 1
7 59316.38275891 1059 2.7× 10−5 -685 ± 3 -677 ± 4 97± 2 −7± 1
8 59316.39130240 1070 2.6× 10−5 -696 ± 1 -700 ± 4 95± 1 −6± 1
9 59316.39532239 1107 2.1× 10−5 -697 ± 1 -698 ± 4 99± 1 −6± 1

10 59316.39727860 1165 1.6× 10−5 -710 ± 1 -707 ± 3 97± 1 −3± 1
11 59316.39841730 1250 1.0× 10−5 -688 ± 1 -688 ± 4 98± 1 −1± 1

FRB 20201124A (GBT 720-920 MHz, ∆ν=0.20 MHz)
1 59315.03055957 840 2.7× 10−4 -665± 4 -662± 1 80± 3 5± 3
2 59315.04968094 842 2.2× 10−4 -603± 2 -603± 1 76± 3 26± 2
3 59315.05857900 844 3.0× 10−4 -707± 22 -702± 2 75± 3 −21± 2
4 59315.07106791 836 2.9× 10−4 -677± 3 -681± 1 75± 3 −6± 2
5 59315.07666824 839 2.4× 10−4 -623± 2 -621± 2 88± 1 −5± 1
6 59315.07878012 820 2.9× 10−4 -634± 1 -640± 1 81± 3 −10± 2
7 59315.08175219 850 2.8× 10−4 -698± 3 -701± 1 83± 2 −15± 2
8 59315.08311698 832 3.0× 10−4 -679± 2 -682± 1 78± 2 −2± 2
9 59315.08562879 844 2.7× 10−4 -674± 1 -674± 1 82± 3 −15± 2

FRB 20121102A (FAST 1.0-1.5 GHz, ∆ν=0.12 MHz)
- - 1250 2.0× 10−1 - - <6 -

FRB 20190520B (FAST 1.0-1.5 GHz, ∆ν=0.12 MHz)
- - 1250 1.9× 10−4 - - <20 -
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son, E. O. Angüner, M. Arrieta, P. Aubert, M. Backes, A. Balzer, M. Barnard, Y. Becherini,
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