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ABSTRACT
We present high-resolution e-MERLIN and EVN (e-VLBI) observations of a radio source associated with Dyson Sphere
candidate G, identified as part of Project Hephaistos. The radio source, VLASS J233532.86-000424.9, is resolved into three
compact components and shows the typical characteristics of a radio-loud active galactic nucleus (AGN). In particular, the
European VLBI Network (EVN) observations show that it has a brightness temperature in excess of 108 K. No radio emission is
detected at the position of the M-dwarf star. This result confirms our earlier hypothesis, that at least some of the Dyson Sphere
candidates of project Hephaistos are contaminated by obscured, background AGN, lying close to the line of sight of otherwise
normal galactic stars. High-resolution radio observations of other Dyson Sphere candidates can be useful in distinguishing truly
promising candidates from those contaminated by background sources.
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1 INTRODUCTION

Project Hephaistos recently published a list of Dyson Sphere can-
didates selected from 5 million sources with distances measured
by Gaia to < 300 parsecs. Seven candidates were identified all of
which are M-dwarf stars exhibiting an infrared excess in the WISE
bands W3 and W4. These peculiar stellar Spectral Energy Distribu-
tions (SEDs) are consistent with simple Dyson Sphere models. Suazo
et al. (2024) considered several natural explanations for the candidate
SEDs, including warm debris disks which can also produce excess
middle infrared (MIR) emission (Cotten & Song 2016). However, the
characteristics of these candidates challenge natural explanations: de-
bris disks around M-dwarfs are extremely rare, and these candidates
show higher temperatures and larger fractional luminosities than typ-
ical debris disks. While young stellar disks can have larger fractional
luminosities, the seven candidates lack the variability typically as-
sociated with young stars. In addition, extreme debris disks (EDDs;
Balog et al. (2009)), which can have high fractional luminosities and
higher temperatures (Moór et al. 2021), have never been observed
around M-dwarfs.

Extragalactic background contamination is a significant consid-
eration for galactic SETI (Wlodarczyk-Sroka et al. 2020; Garrett &
Siemion 2023). Although Suazo et al. (2024) used the Improved
Reprocessing of the IRAS Survey (IRIS; Miville-Deschênes & La-
gache (2005)) maps at 100 𝜇m to eliminate potential contamination,
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this method cannot reject all possible contaminants. Ren, Garrett
& Siemion (2024) identified radio emission with three of the seven
Dyson Sphere candidates (A, B, and G) using data from various
archival radio surveys. The radio sources were offset from the Gaia
stellar positions by ∼ 4.9, ∼ 0.4 and ∼ 5.0 arcseconds, respectively.

We found that the radio source associated with G was detected
in multiple radio surveys (e.g. VLASS J233532.86-000424.9, NVSS
J233532-000425, RACS J233532.8-000425). The steep spectral in-
dex of this source (𝛼 ∼ -0.52) suggested synchrotron emission from
a radio-loud active galactic nucleus (AGN) with extended jets. Suazo
et al. (2024) also noted an offset of 5.59 arcseconds mostly in right
ascension for candidate G as measured between the W1 and W3
bands. We therefore proposed (Ren, Garrett & Siemion 2024) that
the MIR measurements associated with candidate G were proba-
bly contaminated by a background galaxy associated with VLASS
J233532.86-000424.9. We further hypothesised that since the galaxy
would have to be faint in the optical and near-infrared (NIR) but
bright in the MIR, it was most likely to be contaminated by a hot,
dust-obscured galaxy or "hot DOG" (Assef et al. 2015).

In this way, the relatively low-resolution MIR measurements of
candidate G could be significantly contaminated with a strong excess
being observed in the MIR (i.e. the W3 and W4 bands of WISE). This
excess would make this otherwise normal M-dwarf star look like an
excellent DS candidate. We also suggested that the other candidates
associated with radio sources (A & B) might also be contaminated
by background hot DOGs. We further reasoned in Ren, Garrett &
Siemion (2024) that the estimated surface density on the sky of hot
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DOGS (Assef et al. 2015) might suggest all of the 7 Dyson Sphere
candidates were simply M-dwarf stars contaminated by background
hot DOGs. In a more careful analysis, Blain (2024) came to a similar
conclusion, taking into account the positional uncertainties of the
sources.

In this paper, we present new high resolution images of the ra-
dio source associated with Dyson Sphere candidate G (VLASS
J233532.86-000424.9, hereafter J2335-0004). In section 2 we de-
scribe observations of J2235-0004 made independently by e-
MERLIN at L-band and the European VLBI Network (EVN) at
C-band. The data analysis is also summarised in this section. In sec-
tion 3 we present the results and these are further discussed in section
4. The conclusions are presented in section 5.

2 OBSERVATIONS AND DATA ANALYSIS

2.1 e-MERLIN data

We conducted observations of J2335-0004 using e-MERLIN at L-
band (project code: RR17003). The observation took place on June
7, 2024, 05:00 to 14:34 UTC, using 6 antennas: Jodrell Bank Mark
II, Pickmere, Darnhall, Knockin, Defford, and Cambridge. The ob-
servation was performed at L-band, covering a frequency range of
1.25-1.70 GHz, centred at 1.48 GHz, with a total bandwidth of 512
MHz divided into 4 spectral windows. Each spectral window had
128 channels with a 1 MHz channel width.

The observations were conducted in phase-referencing mode. The
target source J2335-0004 and the phase calibrator J2335-0034 were
observed for about 6.5 hours with a cycle time of 10 minutes - a 7-
minute scan on the target, followed by a 3-minute scan on the phase
calibrator. 3C84 (J0319+4130) was used as a bandpass calibrator and
3C286 (J1331+3030) as the flux density calibrator. An additional
calibrator, OQ208 (J1407+2827) was also observed.

The data were subsequently processed with the e-MERLIN casa
Pipeline (v1.1.19) (Moldon 2021). The standard calibration steps in-
cluded bandpass calibration using 3C84, flux density calibration with
3C286, and phase referencing with J2335-0034. The main limitation
on the data was imposed by the poor uv-coverage for J2335-0004
with the source located close to the equator. The synthesised beam of
the e-MERLIN data was 377 mas × 115 mas in position angle 23.8
◦. The final image from the pipeline is presented in Fig. 1. The 1−𝜎

noise level in the image is 0.275 mJy/beam. The triple structure of
the source is clearly seen in the map.

2.2 EVN (e-VLBI) data

We also conducted short EVN e-VLBI observations of J2335-0004
(project code: RSG19). The observations took place on June 19,
2024, 03:00 to 5:00 UTC, lasting ∼ 2 hours. 9 stations: Lovell (76m,
UK), Westerbork (25m, Netherlands), Effelsberg (100m, Germany,
reference antenna), Medicina (32m, Italy), Onsala (25m, Sweden),
Torun (32m, Poland), Yebes (40m, Spain), Hartebeesthoek (26m,
South Africa), and Irbene (32m, Latvia) participated in the obser-
vations. The observation was at C-band (centred at 4.94 GHz) with
dual circular polarisation (LCP and RCP), and had a data rate of 2048
Mbps. The total bandwidth was 256 MHz (in both left and right-hand
circular polarisation), including 8 spectral windows of 32 MHz each.

The observation was made in phase-reference mode using the same
phase calibrator as employed by e-MERLIN: J2335-0034. We also
used a brighter but more distant calibrator, J2335-0131 in the cycle. A

cycle time of 7.5 minutes followed a pattern of 2 minutes on J2335-
0131, 1.5 minutes on J2335-0034, and 3.5 minutes on the target.
J2253+1608 (3C454.3) was used as a fringe finder. The data were
correlated using the SFXC correlator at JIVE and processed using
the standard EVN pipeline (Reynolds, Paragi & Garrett 2002). After
the initial amplitude calibration and fringe-fitting, the corrections
from the calibrators were applied to the target source. The data were
then manually self-calibrated in three steps: an initial phase-only
calibration with a 4-minute solution interval, followed by phase-only
calibration with 30-second intervals, and a final amplitude and phase
calibration using 4-minute intervals. The final image was produced
using natural weighting. Figure 1 shows that a compact source was
clearly detected by the EVN located close to the position of the peak
in the e-MERLIN image.

Using the unaveraged visibility data, we also attempted to detect
emission around the Gaia position of the M-dwarf star associated
with candidate G - no detection was made.

Table 1 summarises the details of the e-MERLIN and EVN ob-
servations. Table 2 reports the main characteristics of the images
presented here.

3 RESULTS

3.1 The e-MERLIN and e-VLBI Results

In our high-resolution 1.5 GHz observations, e-MERLIN success-
fully resolved J2335-0004 into three components (see Figure 1). We
used the casa imfit task to fit Gaussians to these data. A sum-
mary of the results is presented in Table 3. Component C has the
highest flux density (∼ 14.06 mJy) and the highest brightness tem-
perature of ∼ 1.79 × 105 K. The other two components (S and N)
exhibit lower flux densities (∼ 9.94 mJy and ∼ 3.27 mJy) and lower
brightness temperatures (∼ 9.77 × 104 K and ∼ 3.17 × 104 K). The
offsets of components S and N to C are ∼ 0.80 and 0.54 arcseconds,
respectively.

At 5 GHz, the EVN resolved J2335-0004 into a single compact
component located within 30 mas of the central component C de-
tected by e-MERLIN. This offset is significantly smaller than the e-
MERLIN restoring beam. The component’s brightness temperature,
derived from its EVN flux density of 13.69 ± 0.12 mJy at 5 GHz, is
> 108 K. Components S and N are not detected in the e-VLBI ob-
servations and are probably resolved by the much higher-resolution
data.

Table 3 shows the properties of the components in two observa-
tions.

3.2 The Offset between the radio and infrared sources

We compared the positional offset between the radio source J2335-
0004 and the WISE images of candidate G in the W1, W2, W3 and
W4 bands. The Very Large Array Sky Survey Epoch 1 (VLASS-SE,
Lacy et al. (2020)) image of J2335-0004 is shown in Fig. 2, along
with the WISE multi-band images. We chose to make the comparison
with the VLASS-SE since this image has a spatial resolution that is
more similar to WISE. The 3.0 GHz VLASS-SE image shows an
unsolved radio source with a total flux density of 27.4 ± 0.3 mJy.

The VLASS-SE radio source is clearly offset to the east of the
Gaia candidate star G by ∼ 5.64 arcseconds. Also in Fig. 2, we note
that the Gaia position of candidate G agrees well with the centroid
positions of the emission detected by WISE in the W1 and W2 bands.
However, the peak of the mid-infrared emission in W3 and W4 is

MNRAS 000, 1–6 (2025)



High-resolution imaging of Dyson Sphere Candidate G 3

Table 1. Details of the e-MERLIN and EVN observations. (a) Total on-source time excluding calibration overheads.

Telescope Project code Obs. date Time on sourcea Frequency Calibrators
(h) (GHz)

e-MERLIN RR17003 June 7, 2024 9.5 1.25 – 1.70

J2335-0034 (phase calibrator)
J0319+4130 (bandpass calibrator)
J1331+3030 (flux calibrator)
J1407+2827 (additional calibrator)

EVN RSG19 June 19, 2024 2 4.81 – 5.06
J2253+1608 (fringe finder)
J2335-0034 (faint calibrator)
J2335-0131 (bright calibrator)

Table 2. The noise, peak brightness, SNR and beam size for different radio images.

Observation 1 − 𝜎 r.m.s. noise Peak brightness SNR Beam size
(mJy beam−1) (mJy beam−1) [mas × mas (◦)]

e-MERLIN (1.5 GHz) 0.275 14.198 51.7 376.6 × 115.0 (23.8)
EVN e-VLBI (5 GHz) 0.055 11.599 209.3 12.7 × 6.6 (-10.0)

Figure 1. High-resolution e-MERLIN and EVN (e-VLBI) images of J2335-0004, with Gaia positions of candidate star G (red stars) marked within the white
circle. For the e-MERLIN map, contours are drawn at −1, 1, 3, 5, and 30 times the 3𝜎 noise level in the image (root mean square (RMS) = 0.825 mJy beam−1).
The inset EVN image shows contours at −1, 1, 5, 10, 30, and 100 times its 3𝜎 noise level (RMS = 0.165 mJy beam−1), with negative contours shown as dashed
lines in both images.

MNRAS 000, 1–6 (2025)



4 T. Ren, M. A. Garrett and A. P. V. Siemion

Figure 2. The WISE and VLASS-SE images of J2335-0004. The right panel is the VLASS-SE image. The full width at half maximum (FWHM) and centroid
derived from the VLASS-SE image are blue ellipses and dots in all five panels. The four left panels are W1, W2, W3, and W4 band images of the source. The
green contours represent 10𝜎, 50𝜎 and 100𝜎 of the noise levels in WISE W1 and W2 images, 3𝜎 and 6𝜎 in W3 and W4 images, and −1𝜎, 10𝜎 and 80𝜎 in
the VLASS-SE image. The candidate star’s location is shown as the red stars in all the panels.

Table 3. Properties of the Gaussian fits to the radio components in the e-MERLIN L-band and e-VLBI C-band images: flux density, brightness temperature,
deconvolved angular size, and centroid positions.

Component Flux density Brightness Deconvolved size Centroid position
(mJy) temperature (K) [mas × mas (◦)] RA, DEC

C (1.5 GHz) 14.06 ± 1.08 (1.79 ± 0.18) × 105 341.8 × 124.7 (22.4) 23:35:32.8414, -0:04:25.098
S (1.5 GHz) 9.94 ± 0.83 (9.77 ± 1.10) × 104 340.0 × 162.5 (19.8) 23:35:32.8768, -0:04:25.690
N (1.5 GHz) 3.27 ± 0.54 (3.17 ± 0.71) × 104 309.2 × 181.0 (31.9) 23:35:32.8207, -0:04:24.659

C (5 GHz) 13.69 ± 0.12 (2.30 ± 3.18) × 108 4.46 × 0.67 (46.17) 23:35:32.8406, -0:04:25.069

seen to move eastwards towards the VLA position of J2335-0004.
For these two bands, the MIR and radio emission are essentially
coincident with each other. We return to these results later in Section
4.

3.3 The search for the X-ray counterparts

We also searched for potential X-ray emission from J2335-0004
in the High Energy Astrophysics Science Archive Research Center
(HEASARC) database1. J2335-0004 is included in the area of sky
surveyed by Swift and ROSAT but no X-ray counterparts were found.

4 DISCUSSION

The brightness temperature of the three e-MERLIN radio compo-
nents of J2335-0004 are all in excess of 1 × 104 K (see Table 3). In
addition, the brightness temperature of the component C as measured

1 HEASARC: https://heasarc.gsfc.nasa.gov/

by the EVN is in excess of 1 × 108 K. As noted by Condon et al.
(1991), radio emission from AGN activity typically has a brightness
temperature of > 105 K. From the e-MERLIN 5 GHz and EVN
1.5 GHz flux density measurements for component C, we observe a
flat spectrum core with a spectral index of 0.02 ± 0.06. This further
strengthens the AGN interpretation of J2335-0004. The brightness
temperature of the flat-spectrum core, together with the large-scale
morphology of the source as seen by e-MERLIN, strongly argue that
this radio source must be an AGN rather than radio emission from
the M-dwarf star or some other galactic object.

The fact that the centroid of the IR emission detected by WISE
shifts across the W1-W4 bands is also telling. The centroids of the W1
and W2 band emission are consistent with the Gaia position of the
M-dwarf Dyson Sphere candidate G but the positions of the emission
in W3 and W4 are clearly offset from G and shift several arcseconds
towards the position of J2335-0004. This suggests that while the
M-dwarf star dominates the IR emission in the W1 and W2 bands,
the background AGN (associated with radio source J2335-0004)
dominates the MIR emission in bands W3 and W4. In other words,
the background AGN is contaminating the W3 and W4 measurements

MNRAS 000, 1–6 (2025)
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High-resolution imaging of Dyson Sphere Candidate G 5

that led Suazo et al. (2024) to identify this otherwise normal M-dwarf
star as a potential Dyson Sphere candidate.

The scenario presented here is consistent with our earlier claims
that at least some (and possibly all) of the Project Hephaistos candi-
dates are contaminated by background AGN. Since these candidates
are all selected by significant deviations from a black-body stellar
spectrum in the W3 and W4 bands, the background AGN must be
faint in the W1 and W2 bands, but bright in W3 and W4. This
observation reinforces our belief that this background AGN is a dust-
obscured galaxy that is faint in the optical and NIR but bright in the
MIR. Specifically, we identify these background, potentially con-
taminating AGN as “hot DOGs” (Assef et al. 2015). The fact that no
X-ray emission is associated with J2335-0004 can be attributed to the
AGN being Compton-thick, where the dense surrounding material
absorbs the majority of X-ray radiation. This characteristic is con-
sistent with the nature of “hot DOGs,” which are heavily obscured
by dust and often exhibit weak or undetectable X-ray emission due
to high column densities of intervening material (e.g., the NuSTAR
and XMM-Newton Observations for three hot DOGs in Stern et al.
(2014)).

As shown in Figure 2, the M-dwarf star G dominates the emission
in W1 and W2. While in the W3 and W4 bands, the brightest regions
of the infrared are associated with the radio source. The M-dwarf
star’s location is located close to at an extended region of the brightest
infrared structure in the W4 band. This again suggests that the W3
and W4 emission is dominated by a W1 and W2 dropout radio galaxy
- typical characteristics of hot DOGs (Assef et al. 2015; Tsai et al.
2015).

Wright (2023) has proposed that for a Dyson Sphere, energy could
be radiated away from the structure as a strong, coherent radio sig-
nal, serving as a mechanism to dissipate the significant heat gen-
erated by the absorption and use of stellar energy. Such emission,
if present, would offer an interesting observational technosignature.
Our e-MERLIN and EVN observations reveal no detectable radio
emission at the position of candidate G. The deeper EVN observa-
tions show no emission at a 3𝜎 level > 0.165 mJy/beam.

5 CONCLUSION

High-resolution e-MERLIN and EVN radio observations of J2335-
0004, associated with Project Hephaistos Dyson Sphere candidate G,
reveal compelling evidence that the mid-infrared excess previously
attributed to a potential Dyson Sphere is instead the result of contam-
ination by a background AGN. The combination of e-MERLIN and
EVN data demonstrates that the source exhibits the typical charac-
teristics of a radio-loud AGN in terms of its brightness temperature,
component spectral indices, and source morphology.

Analysis of the positional offsets between the radio, mid-infrared
(WISE), and optical (Gaia) data reinforces this interpretation. While
the W1 and W2 infrared bands align closely with the M-dwarf star,
the W3 and W4 bands are offset towards the AGN (J2335-0004),
indicating that the latter dominates the mid-infrared emission. This
contamination explains the spectral energy distribution anomaly that
initially identified the G as a Dyson Sphere candidate.

Our findings align with the hypothesis that some, if not all, of the
Dyson Sphere candidates from Project Hephaistos are affected by
similar background AGN contamination. The likely culprits are "hot,
dust-obscured galaxies" (hot DOGs), which are faint in the optical
and NIR but are well detected in the mid-infrared. The absence of X-
ray counterparts further supports the scenario of a heavily obscured,
Compton thick AGN, also consistent with the properties of hot DOGs.

Finally, we note the absence of any detectable radio emission at the
precise Gaia position of candidate G. All these findings underscore
the critical role of high-resolution radio imaging in clarifying the
origins of anomalous astrophysical data and highlight the necessity
of meticulous background subtraction, particularly in the infrared,
for the robust identification of Dyson Sphere candidates. Future
high-resolution radio observations targeting other Project Hephaistos
Dyson Sphere candidates (e.g. candidates A and B), would be invalu-
able for further testing the selection criteria and distinguishing truly
promising candidates from those affected by background contami-
nation. The challenge of differentiating genuine mid-infrared excess
sources from background AGN contamination is equally significant
in searches for Extreme Debris Disks (EDDs) (Moór et al. 2021;
Contardo & Hogg 2024). This highlights the need for careful source
characterisation and follow-up observations to mitigate the risk of
false positives in such studies.
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