
nature astronomy

https://doi.org/10.1038/s41550-025-02491-0Article

Sporadic radio pulses from a white dwarf 
binary at the orbital period

In the format provided by the 
authors and unedited

Supplementary information

https://doi.org/10.1038/s41550-025-02491-0


Sporadic radio pulses from a white dwarf binary at the orbital period
Supplementary information

Discussion of ILTJ1101+ 5521 in the context of similar systems and supplementary figures to the
Method section.

Comparison to AR Scorpii and J1912−4410

AR Scorpii [13] and J1912−4410 [14] are examples of white dwarf binaries that show periodic radio
emission. These systems are both in a binary with an M dwarf, with orbital periods of 3.56 and 4.03
hours, respectively. For AR Scorpii the radio pulses are modulated by the orbital period and the beat of
the white dwarf’s spin period [18], for J1912−4410 the period of the radio pulses follows the white dwarf
spin period but the radio pulses only appear around orbital phase 0.5 [14]. ILTJ1101 + 5521 is thus
similar to the aforementioned systems since there is an orbital period modulation to the radio pulses,
however in contrast to AR Sco and J1912 there seems to be no additional spin period modulation. For
AR Scorpii there are two emission components with different polarisation properties that contribute
to the radio emission. These two components are likely to be the spin-down from the rapidly rotating,
highly magnetised (up to 500MG) white dwarf and the magnetic interactions between the M dwarf
and the white dwarf [2]. We note that for a system with synchronised spin and orbital period, the
two components, would vary at the same timescale, and only one component would be seen (as
is the case for ILTJ1101 + 5521 ). The steep spectral index for ILTJ1101 + 5521 (brightest pulse
α = −4.1± 1.1) seems consistent with what was found for and J1912 [14], where the in-band spectra
suggest a steep negative spectral index of ∼ −3. However, the spectral index of AR Sco seems
phase-dependent and varies around α = 0.3 ± 0.2). In terms of pulse duration and luminosity the
radio properties of J1912, AR Sco and ILTJ1101 + 5521 are similar, as illustrated in Extended Data
Figure 4. Although both ILTJ1101 + 5521 and the aforementioned systems are M dwarf – white
dwarf binaries, ILTJ1101 + 5521 is likely to be in a different evolutionary state than AR Scorpii and
J1912−4410 because of the shorter orbital period and because the radio pulses are seen at only the
orbital period instead.

Comparison to other known long-period transient radio sources

The first instance of a long-period radio source was the ‘Galactic Centre Radio Transient’ (GCRT),
which initially showed pulses with a 10-minute duration on a period of 77 minutes [10]. Follow-
up observations revealed fainter and shorter 2-minute pulses [11]. Two more recent discoveries are
GLEAM-X J1627−52 [7] and GPM J1839−10 [8], which were found to have pulse periods of 18 and
21 minutes, respectively, with pulses that last for half a minute to 5 minutes. These aforementioned
long-period sources are all thought to feature a neutron star or white dwarf, as a coherent emission
mechanism is required to create radio emission with the observed brightness temperatures. Finally,
ASKAP J1935+2148 was recently reported with a 54-minute period [3]. For ASKAP J1935+2148,
two types of radio pulses are observed, one with extremely bright tens of seconds wide, highly linearly
polarised pulses, and one with weaker pulses that last only hundreds of milliseconds and are highly
circularly polarised. The different emission states are similar to changes in emission that have been
observed for pulsars, and the authors argue that for ASKAP J1935+2148 a neutron star scenario is
most likely. In contrast to ILTJ1101 + 5521 , none of the aforementioned long-period radio sources
are known to be in a binary system.
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The radio pulses from ILTJ1101 + 5521 appear to be similar to the radio emission observed from
other long-period sources in terms of timing, polarization and spectral properties. This is shown by
the clustering of these sources in terms of radio luminosity and duration (see Extended Data Figure 4).
Additionally, we find ILTJ1101 + 5521 to be active for over 5 years, which again fits with the other
long-period sources as GPM J1839−10 was found in archival data spanning 30 years. Finally, the lack

of X-ray emission from ILTJ1101+ 5521 (L < (1− 1.6) · 1030 ·
[

d
504 pc

]2
erg s−1) is consistent with the

lack of X-ray emission from GLEAM-X J1627−52 and GPM J1839−10 (≤ 1032−33 erg s−1 [7, 8]) and
ASKAP J1935+2148 (< 4 · 1030 erg s−1 [3]).

The four known long-period sources are all located towards the Galactic Plane (Galactic latitudes
between −3◦ and +1◦), complicating follow-up at optical and infrared wavelengths. None of the pre-
viously known long-period sources has a confirmed optical counterpart 1. We note that there might
be a bias to finding long-period radio sources towards the Galactic Plane because of the nature of the
surveys that were used to find them. For GLEAM-X J1627−52, the lack of an optical/infrared coun-
terpart at the estimated distance of 1.3 kpc does not rule out a lower-mass, main-sequence companion
[7], and an AR Scorpii–like system could pass unnoticed if it has a relatively large extinction. [17].
For GPM J1839−10, the optical limits are not strong enough to rule out a binary companion given
its larger distance (d = 5.7 ± 2.9 kpc)[8], and a similar situation holds for ASKAP J1935+2148 [3]
(d = 4.85 kpc).

Fast radio bursts (FRBs) are coherent radio flashes seen from other galaxies [15]. One repeating
FRB source, FRB 20180916B, has a well-established 16.33-day activity period, where the observed
bursts systematically occur at lower radio frequencies at later times during the activity window [1, 6].
Another repeating FRB source, FRB 20121102A, has a candidate activity period of about 160 days
[16, 5]. The periodic activity of these FRB sources is theorized to originate from orbital motion,
rotation, or precession (Ref. [19] and references therein). The discovery of ILTJ1101+5521 presents a
possible analogy for periodically active FRBs, which could originate from highly magnetised neutron
stars (potentially ‘magnetars’) interacting with a massive stellar companion [19], and which would
have greatly scaled-up energetics compared with a white dwarf system. FRB 20180916B is at a
luminosity distance of about 150Mpc, and its millisecond-duration bursts are at least trillions of
times more luminous than ILTJ1101+ 5521 [12]. The 16.33-day activity period of FRB 20180916B is
comparable to the orbital periods of high-mass binaries known to harbour a neutron star. For instance,
LS I +61◦ 303 has an orbital period of about 26.5 days and has recently been shown to harbour a
neutron star producing sporadic pulsations with a period of 269ms [20]. In contrast to LS I +61◦ 303,
however, the periodic burst activity of FRB 20180916B could be related to the orbital period of the
system and share some of the viewing geometry and magnetic interaction effects we propose to explain
ILTJ1101 + 5521 .
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Parameter Timing Model 1 Timing Model 2

F0 (s−1) 1.3277×10−4±2.4×10−10 1.3277×10−4± 3.6×10−9

NToA 7 6
PEPOCH (MJD) 56583.794823681 56583.794823681

Supplementary Table 1: Best-fit timing solutions with different number of ToAs. Timing
model 1 includes all 7 ToAs, while model 2 includes 6 ToAs from December 2020.
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Supplementary Figure 1: Snapshot image, in which ILT J1101 + 5521 was flaring. This
8-second snapshot is taken during the brightest flare (observation ID L801324). The location of
ILTJ1101 + 5521 is indicated with a red circle.
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Supplementary Figure 2: Number of matched time differences between pulse ToAs as
a function trial period in minutes. The red star shows the preferred period of 125.52 minutes,
while the cyan and green star show the (sub)harmonics of the preferred period.

Supplementary Figure 3: Signal-to-noise ratio of the brightest pulse as a function of DM.
Frequency averaged, peak signal-to-noise ratio of the bright pulse presented in Figure 1b (Main) as
a function of assumed dispersion measure in blue. The red dashed curve shows a Gaussian fit to the
data.
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Supplementary Figure 4: The luminosity of different types of radio transients as a func-
tion of their width (W) and frequency (ν). Figure adapted from [3]. Diagonal lines represent
constant brightness temperatures. The brightness temperature of 1012K roughly separates coherent
emitters from the incoherent ones, with the shaded region (lower-right triangle) encapsulating the
incoherent emitters. The long-period sources presented in [10, 4, 8, 3] and white dwarf - M dwarf
binaries AR Scorpii [13, 18] and J1912−4410 [14], shown in the legend, appear to cluster together as
indicated by the box, which is merely to highlight the sources and does not have a physical significance.
The pulses from ILTJ1101 + 5521 are indicated with the green squares. The green squares with a
white face colour are the two sub-pulses as resolved in the higher time resolution data, see Figure 1b
(Main).

7




