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ABSTRACT
We used the LOFAR telescope to monitor SN 2023ixf, a core-collapse supernova in M101, between 8

and 368 days post-explosion. We report non-detections down to ∼ 80 µJy sensitivity at 144 MHz. Our
non-detections are consistent with published radio observations at higher frequencies. At the time,
we are not able to constrain the properties of low-frequency absorption due to the progenitor star’s
circumstellar medium via these LOFAR observations.
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INTRODUCTION
Supernovae (SNe) emit radiation across the electromagnetic spectrum. Radio observations of SN light curves are

complementary to those at infrared, optical, UV, and X-ray frequencies, which are sensitive to thermal emission (e.g.,
Dwek & Werner 1981; Rabinak & Waxman 2011). The radio emission has a non-thermal origin as it probes the
SN shock’s interaction with its environment (Chandra 2017); however, there can be significant absorption, either
synchrotron self-absorption from the emitting plasma, or free-free absorption due to cold foreground material.

The core-collapse, type IIP supernova SN 2023ixf discovered by Itagaki (2023) in Messier 101 (d=6.85 Mpc; Riess
et al. 2022) on 19 May 2023 marked the closest supernova explosion since SN 2014J, nine years prior (Fossey et al.
2014). Crucially, since SN 2014J, the international stations of the LOw Frequency ARray (LOFAR; Van Haarlem
et al. 2013) have become fully operational. This means that SN 2023ixf presents a unique opportunity to study the
low-frequency properties of radio supernovae.

SN 2023ixf has been proposed to have an abundant, dense circumstellar medium (CSM) ejected in the decades prior
to the explosion (e.g., Jacobson-Galán et al. 2023), which will obscure its radio emission. A monitoring of the source
in time, as it becomes progressively brighter at low radio frequencies, can help determine the properties of this CSM.

Here, we report on the results of a monitoring campaign performed with LOFAR at a frequency of 144 MHz, starting
on 26 May 2023 and lasting up to the shutdown of LOFAR at the end of May 2024 for its scheduled upgrade. We
made use of the full international array in order to simultaneously increase the effective collecting area of LOFAR as
well as to help resolve potential radio emission associated with SN 2023ixf from the diffuse emission of Messier 101.

OBSERVATIONS & CALIBRATION
A total of 14 observation epochs were obtained with LOFAR on SN 2023ixf (14h03m38.56s, 54◦18′41.9′′) using

Director’s Discretionary Time (Project codes: DDT19_005, DDT20_002, DDT20_008; PI: Arias). All observations
consisted of 2 hours of on-target integration time as well as a 10-minute calibration scan before and after the target
observation. Data were recorded between 120 and 168 MHz with an integration interval of 1 second and a frequency
channel width of 3 kHz.

The data were calibrated per observation using the Prefactor software package (Van Weeren et al. 2016; Williams
et al. 2016; de Gasperin et al. 2019). We adopted the same calibration strategy for the International LOFAR Telescope
as used in ?. The calibrated data were imaged using WSClean (Offringa et al. 2014) to search for emission associated
with SN 2023ixf.
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Figure 1. Radio continuum detections of SN 2023ixf obtained at higher frequencies combined with the non-detections obtained
from LOFAR observations indicated at the 3σ noise level.

RESULTS & DISCUSSION
We searched the final images for radio emission in the direction of SN 2023ixf but were unable to detect significant

emission in any of our epochs. Our non-detections are plotted in Figure 1 as a function of days since estimated first
light on 18 May 2023 at 17:50 UT (Hiramatsu et al. 2023).

Nayana et al. (2024) present radio observations of SN 2023ixf taken 4 − 165 days post-explosion with the Very
Large Array (VLA), the Giant Meterwave Radio Telescope (GMRT), and the Northern Extended Millimeter Array
(NOEMA). The SN radio light curve rises significantly later than for other SNe II-P. The authors conclude that the
radio emission is synchrotron, modulated by the free-free absorption caused by a dense CSM, likely the result of
enhanced stellar mass loss in the ∼ 100 years preceding the SN explosion.

Nayana et al. (2024) first model the radio emission from SN 2023ixf as a smooth broken power law, with an optically
thin and an optically thick term. This assumes that the emission is synchrotron radiation, and the absorption is
synchrotron self-absorption. The presence of the free-free absorbing term would further dim the radio emission at
lower frequencies. Our non-detections are consistent with the best-fit parameters they derive for the synchrotron-only
model from their data (t ≤ 165 days). Nayana et al. (2024) also fit the turnover frequency from the optically thin to the
optically thick regime, and the peak flux density as power-law functions of time. Using these functions, the predicted
flux density at 150 MHz on day 400 post-explosion is ∼ 14 µJy, still under our detection threshold. This means that
at this time our observations cannot detect the synchrotron radiation, let alone constrain the parameters of a free-free
absorbing component. With LOFAR 2.0 set to begin science operations in early 2026 (roughly two and a half years
post-explosion), the synchrotron flux at LOFAR frequencies should be within our detection limit, at approximately
∼ 200 µJy.

Early-time low-frequency (< 200 MHz) radio observations of extragalactic supernovae were not possible before the
advent of LOFAR. None has been detected to date, since sufficiently nearby radio SNe are rare, and, as we have seen
with SN 2023ixf, absorption effects are important at these early times. However, the rise time of SN 2023ixf in the
radio has been unusually slow; for future SNe a slower initial cadence, perhaps of a couple of months, would constitute
a better monitoring strategy.
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