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Abstract

We report the first detection of radio polarization of a GRB afterglow with the first intensive combined
use of telescopes in the millimeter and submillimeter ranges for GRB171205A. The linear polarization
degree in the millimeter band at the sub-percent level (0.27 ± 0.04%) is lower than those observed in
late-time optical afterglows (∼ 1%). The Faraday depolarization by non-accelerated, cool electrons in the
shocked region is one of possible mechanisms for the low value. In this scenario, larger total energy by
a factor of ∼ 10 than ordinary estimate without considering non-accelerated electrons is required. The
polarization position angle varies by at least 20 degrees across the millimeter band, which is not inconsistent
with this scenario. This result indicates that polarimetry in the millimeter and submillimeter ranges is
a unique tool for investigating GRB energetics, and coincident observations with multiple frequencies or
bands would provide more accurate measurements of the non-accelerated electron fraction.
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1. Science Background

The energetics of GRBs are fundamental physical pa-
rameters that can not only reveal their progenitor sys-
tems but also probe both the early and current states
of the universe. Although substantial observational ef-
forts have been made since the afterglow discovery, the
total energies have been estimated so far without con-
sidering nonaccelerated, cool electrons at the relativistic
collisionless shocks that do not emit observable radiation,
while the existence of such cool electrons is well studied
for supernova remnants and solar winds. In GRB af-
terglows, the presence of nonaccelerated electrons would
induce Faraday effects on the emitted radiation. Obser-
vationally, this manifests as a suppression of the radio
polarization but keeps the optical polarization as emit-
ted (Toma et al. 2008). Hence, submillimeter and mill-
meter follow-ups are cricual to detect the Fraday effects,
because the cemtimeter bands are usually affected by
the synchrotron self-absorption effect, which overwhelms

the Faraday depolarization effoct. Recent submillimeter
follow-ups using SMA have been identifying the bright
afterglows (Urata et al. 2015), which are suitably bright
for polarimetry with ALMA. These submillimetre and
millimetre afterglow observations have also played an es-
sential role in revealing new insights of the GRB after-
glow (e.g., Urata et al. 2014, Huang et al. 2017, Chen
et al. 2020). Here, we report the first detection of radio
polarization of a GRB afterglow with the first intensive
combined use of telescopes in the millimeter and submil-
limeter ranges for GRB 171205A.

2. The First Detection of Radio Linear Polarization

Our observations provided the first linear polarimetry in
the millimeter band with the first intensive combined use
of telescopes in the millimeter and submillimeter ranges
for the GRB171205A afterglow (Urata et al. 2019). The
measured polarization degree (0.27± 0.04%) is substan-
tially lower than the typical optical one (∼ 1%). Al-
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though the (semi)simultaneous measurements in multi-
ple wavelengths are required, this measurement suggests
the Faraday depolarization effect and a total energy that
is a factor of ∼10 larger than the ordinary estimate with-
out considering nonaccelerated electrons. The observed
P.A. variation along with wavelength (at least 20 deg) is
not inconsistent with this scenario. Multifrequency po-
larimetry in the submillimeter/millimeter range and/or
with simultaneous optical polarimetry would provide a
more accurate nonaccelerated electron fraction. Hence,
this observation consolidates the new methodology for
revealing the fundamental properties of GRBs.

We focused on the polarization at 5.2 days, the phase
when the intensity can be explained by the standard for-
ward shock model. The precise detection of the polar-
ization degree of 0.27±0.04% indicated that the value is
the smallest one among all afterglow polarization mea-
surements, and smaller than those in late-time opti-
cal afterglows explained by the standard forward shock
model, which range from 0.5% to 10% (Greiner et al.
2003; Wiersema et al. 2014; Covino & Gotz 2016). By as-
suming a polarization degree at higher frequency ranges
(e.g., optical) for the present event as P0 = 1%, we cal-
culate the polarization spectrum based on the standard
afterglow model with tangled on hydrodynamic scales,
and plot it by the green dotted line in Fig. 1(b) If
only part of the swept-up electrons is accelerated, the
non-accelerated electrons with thermal Lorentz factor
γ̃m = ηΓ cause Faraday depolarization at ν > νa (Toma
et al. 2008), where η is a factor of the order of unity
in the case that the non-accelerated electrons are just
isotropized at the shock front (Eichler & Waxman 2005).
Such a model in which the fraction of accelerated elec-
trons is f < 1 can explain the intensity in the same way
as in the standard model with the parameters E′

iso =
Eiso/f , n

′ = n/f , ϵ′e = ϵef , and ϵ′B = ϵBf . Thus, a very
small value of f would lead to a crisis of the total energy
requirement. With P0 = 1%, our polarization measure-
ment required 1/f = 12 (Fig.1 (b) green dashed line).
For the case of P0 = 0.5%, 1/f ∼ 10 is still required.
For the case of P0 = 10%, 1/f ∼ 60 is required.

3. Polarimetry of AT2018cow
Based on this successful detection, we also performed the
first radio polarimetric observations of a fast-rising blue
optical transient, AT2018cow. Two epochs of polarime-
try with additional coincident photometry were per-
formed with ALMA. The photometric results based on
simultaneous observations in the 100 and 230 GHz bands
are consistent with the nonthermal radiation model re-
ported by Ho et al (2019) and indicate that the spectral
peaks (∼110 GHz at the first epoch and ∼67 GHz at the
second epoch) represent the synchrotron self-absorption
frequency. The non-detection of linear polarization with
<0.15% (230 GHz) at the phase when the effect of syn-

chrotron self-absorption was quite small in the band may
be explained by internal Faraday depolarization with
high circumburst density and strong magnetic field. This
result supports the stellar explosion scenario rather than
the tidal disruption model (Huang et al. 2019).
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Fig. 1. Spectral flux distributions and total linear polarization spec-

trum of the GRB 171205A afterglow. a, Spectral flux distribution

at 4.1 days (blue circles and model dashed line) and 5.2 days (red

squared points and model dashed line) after burst. The grey dot-

ted lines indicate the simple power-law functions with index of

1.457 and -0.430. The subpanel shows the stokes images. b, To-

tal linear polarization spectrum with the ALMA measurement 5.2

days after the burst. Dashed lines indicate the Faraday depolar-

ized spectrum by assuming P0 of 1% (green) and 0.5% (magenta).

The dotted lines indicate the polarization spectrum without the

Faraday depolarization effect (i.e. all electrons are energized by

the relativistic shock) by assuming P0 of 1% (green), 0.5% (ma-

genta), and 0.33% (grey).
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