


the spectrum characteristic of many lower-
DM, high–Galactic latitude ASKAP-detected
FRBs (7).
The 2-s dispersive sweep of the burst across

the instrument bandwidth and the 2.4-s latency
in the detection system resulted in only the low-
est 88 MHz of the burst being captured in the
3.1-s-duration voltage buffer. This was sufficient
to localize the burst to a precision of 0.5 arc sec.
We used the voltage data to reconstruct the high
time resolution and polarimetric properties
of the burst (11). After correcting for dispersive
smearing, the burst shows an exponentially
decreasing tail (Fig. 1D), which is consistent
with scatter broadening as a result of turbu-

lence in intervening plasma (12). We measure
the pulse broadening time to be 0.511 ± 0.012ms
at a reference frequency of 1147.5 MHz, assum-
ing a v−4 frequency dependence (where n is the
frequency).
Ordered magnetic fields in astrophysical

plasmas add additional, polarization-dependent
dispersion. This manifests as wavelength-
dependent variation in the linear polarization
position angle, referred to as Faraday rotation
(13). FRB 20220610A exhibits Faraday rota-
tion, with a rotation measure (RM) of 215 ±
2 rad m−2. After correcting for this Faraday
rotation, we calculate that the burst had an
intrinsic linear polarization fraction of 96 ±

1%. The high fractional linear polarization
allows us to place a 67% upper limit on the
Faraday dispersion (sRM < 0.6 rad m−2) in-
duced by fluctuations in the RM in interven-
ing turbulent plasma. Higher levels of Faraday
dispersion have been detected for other FRBs
(14). The burst also shows lower fractional cir-
cular polarization of 10 ± 1%. Although instru-
mental artifacts can induce spurious circular
polarization, we do not see any correlation
between the Stokes polarization parameters
U and V in the spectrum, which would be
expected for an instrumental effect (11). The
FRB was located ~4 arc min from the beam
center, which makes off-axis leakage effects
unlikely (15). Circular polarization has been
observed in some FRBs and could either be
intrinsic to the burst (16) or result from prop-
agation through relativistic plasma in the im-
mediate source environment (17).

Host galaxy properties

We performed follow-up ground-based optical
and infrared observations with the Very Large
Telescope (VLT) and the W. M. Keck Observ-
atory to identify and characterize the host
galaxy of FRB 20220610A (11). The images
(Fig. 2, A to C) show an object at the FRB lo-
cation that has an extended, multicomponent
morphology. We label the optical source that
overlaps the radio position of the FRB as com-
ponent (a) and two adjacent sources as com-
ponents (b) and (c) (Fig. 2A). We use a Bayesian
method to assess the chance of coincidence
between a radio transient and optical galaxies
(18), finding >99.99% confidence that the FRB
is associated with component (a).
We performed broad-band optical and in-

frared spectroscopy of components (a), (b),
and (c) (Fig. 2, D and E) (11). We identify two
emission lines in the spectra as the [O II] 3726
and 3729 Å doublet, which is most prominent
in the spectrum of component (b) (fig. S2). We
measure the redshift of each component from
this doublet, finding that they are all consistent
with z = 1.016 ± 0.002.
We use the photometry and a stellar popu-

lation model to estimate the total mass of the
three components combined as 1010 solarmasses,
with a star formation rate of ~0.42 solar masses
per year (11). These values, in addition to the
estimated host metallicity and star formation
history, are consistent with those of nearby
FRB hosts (19, 20), but the source morphology
is markedly different. Observed and estimated
properties of the host galaxy are also listed in
Table 1.
The presence of two bright components (a)

and (c) separated by 2.0 arc sec (which cor-
responds to a distance of 16 kpc at that red-
shift), and the diffuse feature (b) between them,
is consistent with two galaxies interacting or
merging or with a compact galaxy group. It is
also possible that the morphology is due to

Table 1. Properties of FRB 20220610A and its host galaxy. The fluence was derived from filter
bank data that include the full ASKAP bandwidth. UTC, coordinated universal time; S/N, signal-to-noise
ratio; FWHM, full width at half maximum. The host photometry is expressed in magnitudes (mag) on
the AB system. The star formation rate (SFR) is in solar masses per year M⊙ year�1

� �

. 100 Myr SFR is the
integrated star formation in the past 100 million years (Myr). Z, metallicity of the host galaxy; Z⊙,
metallicity of the Sun.

Measured burst properties

DM 1458:15þ0:25
�0:55 pc cm

�3

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Topocentric arrival time at 1104 MHz (UTC) 2022-06-10 22:26:44.313
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Fluence 45 ± 5 Jy ms
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Right ascension (J2000 equinox) 23h24m17s.569 ± 0s.040
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Declination (J2000 equinox) −33°30′49′′.37 ± 0′′.50
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Galactic longitude 8.83954°
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Galactic latitude −70.18569°
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Incoherent detection S/N (1104–1440 MHz) 29.8
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Image S/N (1104–1152 MHz) 81
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

RM 215 ± 2 rad m−2
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Inferred burst properties

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Intrinsic width (FWHM) 0.41 ± 0.01 ms
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Implied FRB isotropic energy density 6 × 1032 erg Hz−1
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Milky Way disk DM contribution 31 pc cm−3
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Measured host galaxy properties

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Redshift 1:016 T 0:002
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Photometry:
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Band (central wavelength, Å) Magnitude (mag)
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

g (4700) 24:15 T 0:07
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

V (5510) 23:89 T 0:13
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

R (6580) 23:78 T 0:06
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

I (8060) 22:17 T 0:07
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

z (9620) 21:95 T 0:12
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

J (12,200) 21:97 T 0:07
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Ks (21,460) 22:08 T 0:12
.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Inferred host galaxy properties

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

Mass-weighted age 1:02þ1:64
�0:62 Gyr

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

log(stellar mass) 9:98þ0:14
�0:07 M⊙

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

log(total mass) 10:11þ0:18
�0:07 M⊙

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

100 Myr SFR 0:42þ0:83
�0:37 M⊙ year�1

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .

log Z=Z⊙ð Þ �0:11þ0:17
�1:68

.. .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... .. ... ... .. ... ... .. ... ... .. .
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internal structure within a single galaxy; at
these redshifts, about half of all galaxies have
clumpy morphologies (21). We regard the latter
possibility as unlikely because of the large spa-
tial separation between the components. Only
component (a) is detected in the near-infrared
(Ks-band) image (Fig. 2C), which indicates that
it hosts an older stellar population compared
with the other components. Component (a)
is also displaced from the centroid of the total
optical light in the g- and R-bands, contrary to
what would be expected if it was the nuclear
bulge of a single galaxy.

Extending the Macquart relation

WeusedthemeasuredpropertiesofFRB20220610A
to investigate theMacquart relation out to z~ 1,

by comparing the observed DM with predic-
tions based on previous measurements of the
relation at z ≤ 0.522. Figure 3 shows the rela-
tionship betweenDMand redshift for the FRBs
detected by ASKAP (4). We restrict our analysis
to the ASKAP sample to reduce the effect of
selection effects, which depend on the observ-
ing system. We do not refit the Macquart rela-
tionbecause doing so in anunbiasedwaywould
require a reanalysis of the entire updated FRB
sample from ASKAP.
After subtracting a model Milky Way fore-

ground contribution to the observedDM(11), we
estimatethenon-GalacticDMofFRB20220610A
to be ≈1376 pc cm−3, indicating a high column
density of ionized gas between the FRB and
Earth. This is higher than the DM expected

from the Macquart relation, by ~650 pc cm−3,
which is a 2.4s excess (11). If the excess is real
and originates from the host galaxy, the implied
electron columndensity is1300þ170

�320 pc cm
�3 in

the host rest frame (11), with the uncertainty
reflecting the intrinsic variation in the contri-
bution from the intergalactic medium.

Interpretation of the DM

We use the scatter broadening and Faraday
rotation of FRB 20220610A to investigate the
properties of plasma at z ≈ 1. A dispersion ex-
cess could potentially arise from any combi-
nation of gas in the immediate vicinity of
the source, the interstellar medium of the
host galaxy, or foreground gas along the line
of sight—any of which could host turbulent

Fig. 2. Optical and

infrared observations

of the host galaxy of

FRB 20220610A. In
(A) to (C), the FRB
localization and its
uncertainty (68%
confidence) are indi-
cated by the black
ellipse. (A) Optical
g-band VLT image.
White ellipses outline
the apertures used for
the photometry of
each component
(table S2). The larger
unlabeled white
circle is the aperture
used for the entire
combined system.
(B) Optical R-band
image. White rectangles
outline the slit locations
used for VLT spectros-
copy. (C) Infrared
Ks-band image. The
scale bar applies
to (A) to (C); it
shows the angular
scale and corresponding
projected physical
scale at the measured
host redshift. The color
bar below each panel
indicates relative
count rates in each
processed image.
(D) Two-dimensional
(2D) VLT spectroscopy
at a slit position
angle on the sky of 45°
covering components (a)
and (b), as marked in
(B). White arrows
indicate two lines due to the [O II] doublet, with rest wavelengths of 3726 and 3729 Å. (E) 1D spectrum (black solid line) and its uncertainty (red dashed line) extracted
from the 2D spectrum in (D), centered on the peak of the [O II] lines using an aperture width of 1.8′′. The blue line indicates zero relative flux in arbitrary units.

D

Å

E

A B C
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magnetized plasma. For FRB 20220610A, there
is an absence of strong ≳104 radm�2

� �

Faraday
rotation or detectable depolarization; this is
unlike the repeating FRB 20190520B, which
also showedexcess dispersion (6, 14).We suggest
that the excess dispersion for FRB 20220610A
originates in a less magneto-ionically active
plasmacomparedwith that of FRB20190520B,
such as in the interstellar medium of the host
galaxy rather than in the circumburst media
hypothesized for other sources (11). Models of
galaxy interstellar media imply that the DM of
a typical spiral galaxy is unlikely to exceed a few
hundred parsecs per cubic centimeter except in
edge-on systems (22, 23). HigherDMvalues can
plausibly be produced by high-density clumps
of gas within the host galaxy, particularly at
z ~ 1, where galaxies have a substantially higher
fraction of their baryons in gas (rather than
stars) than at z ~ 0 (24). Alternatively, the dis-
persion could originate from structure in the
foreground intergalactic medium or from ad-
ditional ionized material associated with the
possible galaxy merger between components
(a), (b), and (c) discussed above.
Our DM analysis confirms inferences from

other techniques (25) that the gas of the
intergalactic medium is highly ionized. The
detection of an FRB at z > 1 allows us to study
the ionized plasma toward, around, and within
the host galaxy. We expect a sight line to z = 1 to
intersect the halos of several galaxies similar
in mass and size to the Milky Way (26), which
has previously been used to investigate fore-
ground galaxy properties using FRBs (27).

Interpretation of the burst energy

The measured bandwidth-averaged fluence of
FRB 20220610A is 45 ± 5 Jy ms (where Jy is
the jansky, equal to 10−23 erg s−1 cm−2 Hz−1),
which implies an isotropic-equivalent spec-
tral energy density of (6.4 ± 0.7) × 1032 erg Hz−1

and a burst energy of (6.4 ± 0.7) × 1041 erg (11).
We derived the burst energy by assuming an
intrinsic 1-GHz bandwidth and did not apply
a redshift-dependent correction to the burst
spectral energy distribution (a K-correction)
(11). This value exceeds, by a factor of 3.5, the
characteristic maximum energy Emax derived
by previous FRB population models (11, 28).
It is unknown whether FRBs are emitted iso-
tropically or only over a limited beaming angle,
which would affect the inferred energetics and
could vary between FRB sources (or between
repeated FRBs from single sources). Assuming
isotropic emission, we added FRB 20220610A
to a previous sample of FRBs (28) and refitted
the FRB burst energy distribution. We find
that the best-fitting maximum energy Emax

increases by a factor of 2.7 to 1041.7 ± 0.2 erg
(equivalently, the maximum energy density be-
comes log10

�

�

Ev

erg Hz�1

�

� ¼ 32:7 T 0:2). In Fig. 4, we
compare FRB 20220610A to the fluence of the
brightest radio pulse observed from a galactic

Fig. 3. Relationship

between redshift and

extragalactic DM for

FRBs. Data are from the
ASKAP incoherent sum
survey (4). The extra-
galactic dispersion
(DMEG) is the contribu-
tion to DM after sub-
traction of a model for
the Milky Way (11). Red
circles indicate localized
FRBs at the host galaxy
redshifts. The color scale
indicates an estimated
detection probability,
assuming a maximum
energy density of

log10
Ev

erg Hz�1

�

�

�

�

�

� ¼ 32:7 T 0:2

(this work). White contours enclose 50% (dotted), 90% (dash-dot), and 99% (dashed) of the probability. The
white star is FRB 20220610A. The black cross shows the repeating FRB 20190520B, which was excluded from the
population inference because of differing selection effects between instruments (28). The uncertainties for all
measurements are smaller than the symbol sizes.

Fig. 4. Logarithmic

plot of fluence as

a function of redshift

for localized FRBs.

The magenta star is
FRB 20220610A. Other
notable FRBs are labeled
using their Transient
Name Server designations,
omitting the FRB prefix
for brevity. The curved
solid and dashed contours
indicate the energy
density in units of ergs per
hertz. The dash-dotted
lines show the detection
sensitivity of the ASKAP
incoherent sum FRB
search system, the Five-
hundred-meter Aperture
Spherical Telescope
(FAST), and that
expected for the Square
Kilometre Array (SKA).
Repeating FRBs are
shown at multiple points at the same redshift but different fluences. Plotting symbols are indicated in the legend,
which also indicates the FRB localization instruments. DSA, Deep Synoptic Array. The green star shows the
expected fluence of the FRB-like burst from the Galactic magnetar SGR 1935+21 (31, 32) if it were placed at the
distance of the host galaxy of FRB 20180916A. There are biases in FRB searches that may result in the first
detections of repeating sources having different properties than subsequent detections, particularly those made
with other facilities (33). We therefore plot the repeating FRB 20201124A twice—for observations from ASKAP
(designated A) (17) and the 25-m Stockert radio telescope (S) (34). For the repeating FRB 20121102A, we
plot separately the initial detection (D) (35) and a sample of follow up bursts detected with a different instrument
(R) (36). FRB 20180916A (37) and FRB 20200120E (38) are low-redshift repeating FRB sources. Other burst
properties are reported from ASKAP (3, 4, 8, 27), DSA-10 (39), and FAST observations of the repeating
FRB 20180301A (40) and FRB 20190520D (6). For FRB 20180301A, we also plot the initial detection with a
different instrument (D) (41).
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magnetar—which is a factor of 105 less luminous
than the burst observed from FRB 20220610A—
and the wider sample of FRBs.
If a K-correction is applied, assuming a spec-

tral index for FRB emission similar to that of
the burst population found by ASKAP (11, 29),
we find that the burst energy integrated over
the instrument bandwidth is ~2 × 1042 erg,
which is higher thanmost localized FRBs (Fig.
4). This constrains emission models of FRBs
because the electric field strength at the source
can be estimated independently of the beam-
ing angle. The calculation assumes no ampli-
fication by gravitational or plasma lensing (see
supplementary text). In one class of models,
FRB emission is produced near the surface of a
neutron star. From the luminosity of the burst,
~3 × 1046 erg s−1 in the host galaxy’s rest frame,
we infer an electric field strength of 4.2 × 1012

(r/10 km)−1Vm−1 for a linearly polarizedwave,
where r (~10 km) is the curvature radius of the
neutron star’s magnetic field. At a neutron
star surface, this value is a few percent of the
Schwinger critical field strength, at which an
electric field aligned parallel to the local mag-
netic fieldwouldbe screenedbyelectron-positron
pair production (30). This would suppress the
FRB rate above the Schwinger luminosity of
~2 × 1047 erg s−1 (30). In another class ofmodels,
FRBs are produced in a shock driven by relativ-
istic ejecta, associated with the flare of a highly
magnetized neutron star interacting with the
neutron star wind. In these models, the radia-
tive efficiency in the shock is very low ≲10�5ð Þ,
and hence the required energy in the ejecta
would be ≳1047 erg, with the total flare energy
being even higher. FRB 20220610A and other
high-luminosity FRBs are challenging to ex-
plain in both model classes.
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