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Non-detection of J1407 b in ALMA Band 7 observations
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ABSTRACT

We report on ALMA Band 7 continuum observations towards the star 1SWASP J140747.93-394542.6
taken in mid 2024. These observations were a follow-up of a previous detection of an emission source
in the J1407 field of view at an unexpected position in 2017. Proper motion analysis indicated that if
this were the object responsible for the 2007 eclipse of J1407, it would be detectable at a new position,
but still within an ALMA field of view in 2024. Here we present the non-detection of emission in the
ALMA field of view (to a 1ω upper limit of 17.5 µJy),at both the 2017 position, and the position
expected from proper motions. We place upper limits on a source at the proper motion corrected
expected location in this 2024 data, and rule out the possibility of a dusty object being responsible for
the 2007 eclipse.
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1. INTRODUCTION

A complex series of dimmings of the young star 1SWASP J140747.93-394542.6 (hereafter shortened to J1407) in May
2007 was hypothesised to be caused by a giant circumsecondary disk transiting the disk of the star (E. E. Mamajek
et al. 2013; M. A. Kenworthy et al. 2015). No other eclipses have been seen to date towards J1407, and none are present
in archival data (R. T. Mentel et al. 2018). Initial ALMA observations were undertaken in 2017 to determine whether
the dust emission from the eclipsing object could be detected in Band 7 (345 GHz) continuum emission. With an rms
noise level of 18.6µJy, an unresolved source was seen in the ALMA data (M. A. Kenworthy et al. 2020) with a peak
flux of 79µJy, spatially o!set from the position expected for J1407 given its proper motion, suggesting a chance transit.
The distance between the 2007 position of J1407 and the 2017 flux detection suggested a proper motion consistent
with the ALMA detected object having moved su”ciently to be detectable at a new, spatially separate, position in
2024. Here we present a second epoch follow-up of those original ALMA observations to attempt to detect that object
at its new position.

2. OBSERVATIONS AND DATA PROCESSING

We observed J1407 in continuum emission in Band 7 using ALMA between 26 June and 13 July 2024 for project
2023.1.001488.S (PI: M. Kenworthy). The array was in configuration C-8 and observations were taken in TDM mode,
giving high resolution continuum observations. J1407-4302 was used as both bandpass and phase calibrator and J1427-
4206 was used for amplitude calibration. The data were pipeline processed, and the individual measurement sets were
concatenated in the uv plane before imaging. Imaging was peformed with a manual mask and allowed to progress for
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Figure 1. Multi-epoch ALMA observations of the J1407 area. There was a → 4ω 345 GHz continuum detection in the 2017

epoch observations that does not seem to persist to the 2024 observations, despite the two observations having similar beams

and noise levels. The data and script used to generate this figure are available via Zenodo and GitHub, respectively.

1000 iterations before stopping. The final image has a synthesized beam of 0.12→→ → 0.07→→ at pa=111↑, and an rms
noise limit of 17.5µJy, close to that of the previous observations.
Figure 1 shows both epochs of ALMA observations of the region: from 2017 (left) and 2024 (right). Also labelled

on these plots are: (1) the location of J1407 when the eclipse occured in 2007, (2) the position of the ↑ 4ω ALMA
detection in 2017 and the expected position of J1407 in the same epoch, as well as (3) the projected positions of the
ALMA source and J1407 in 2024. The third epoch (2024) positions of the ALMA source and J1407 were derived using
the built in proper motion functionality in astropy.coordinates having derived the proper motion from the first and
second epoch observations in (1) and (2) above.

3. RESULTS AND DISCUSSION

As can be seen in Figure 1, there is no detection of 345 GHz continuum emission at the projected location of the
2017 ALMA continuum source had it been responsible for the 2007 eclipse of J1407. If the target continued to be as
bright as in 2017, it should have been detected at the ↑ 4ω level, but there is nothing above the rms noise level in the
emission map at this position.
There were a few models put forward in M. A. Kenworthy et al. (2020) for what could be causing that emission

source in the 2017 ALMA data: a free-floating ring system that had a chance alignment with J1407 in 2007 or an
unrelated extragalactic background object unrelated to the eclipse. The latter was dismissed based on statistically
small chances of an object with that flux being detected that close to J1407. The former was deemed more realistic
because the proper motion of that emission source on that 10 year baseline was consistent with the derived eclipsing
objects transverse velocity calculated in M. A. Kenworthy et al. (2015).
Comparing our current noise levels to the dust models presented in M. A. Kenworthy et al. (2020), thick disks with

dust grains larger than 1mm, as favoured in the previous paper, of any mass are now ruled out. This suggests that the
original detection was likely a noise spike, or some form of time varying or dimming object. Had it been a persistent
background source, it should have remained detectable at the ↑ 4ω level at the same position as the 2017 observation.

Facilities: ALMA
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This study was carried out using the reproducibility software showyourwork (R. Luger et al. 2021), which leverages
continuous integration to programmatically download the data from zenodo.org, create the figures, and compile the
manuscript. The figure caption contains two links: one to the dataset stored on zenodo used in the corresponding figure,
and the other to the script used to make the figure (at the commit corresponding to the current build of the manuscript).
The git repository associated to this study is publicly available at https://github.com/mkenworthy/J1407b alma 2024.
The datasets are stored at DOI: 10.5281/zenodo.17670200.

Software: astropy ( Astropy Collaboration et al. 2013, 2018, 2022), casa ( CASA Team et al. 2022), showyourwork
(R. Luger et al. 2021)

REFERENCES

Astropy Collaboration, Robitaille, T. P., Tollerud, E. J.,

et al. 2013, A&A, 558, A33,

doi: 10.1051/0004-6361/201322068

Astropy Collaboration, Price-Whelan, A. M., Sipőcz, B. M.,
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