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ABSTRACT

We report on coronagraphic observations of the nearest solar-type star, ↵ Cen A, using the MIRI
instrument on the James Webb Space Telescope. The proximity of ↵ Cen (1.33 pc) means that the
star’s habitable zone is spatially resolved at mid-infrared wavelengths, so su�ciently large planets or
quantities of exozodiacal dust would be detectable via direct imaging. With three epochs of observation
(August 2024, February 2025, and April 2025), we achieve a sensitivity su�cient to detect Te↵ ⇡ 225–
250 K (1–1.2 RJup) planets between 100–200 and exozodiacal dust emission at the level of >5–8⇥ the
brightness of our own zodiacal cloud. The lack of exozodiacal dust emission sets an unprecedented
limit of a few times the brightness of our own zodiacal cloud—a factor of & 10 more sensitive than
measured toward any other stellar system to date. In August 2024, we detected a F⌫(15.5 µm) =
3.5 mJy point source, called S1, at a separation of 1.500 from ↵ Cen A at a contrast level of 5.5⇥ 10�5.
Because the August 2024 epoch had only one successful observation at a single roll angle, it is not
possible to unambiguously confirm S1 as a bona fide planet. Our analysis confirms that S1 is neither
a background nor a foreground object. S1 is not recovered in the February and April 2025 epochs.
However, if S1 is the counterpart of the object, C1, seen by the VLT/NEAR program in 2019, we find
that there is a 52% chance that the S1 + C1 candidate was missed in both follow-up JWST/MIRI
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observations due to orbital motion. Incorporating constraints from the non-detections, we obtain
families of dynamically stable orbits for S1 + C1 with periods between 2–3 years. These suggest
that the planet candidate is on an eccentric (e ⇡ 0.4) orbit significantly inclined with respect to the
↵ Cen AB orbital plane (imutual ⇡ 50�, prograde, or ⇡ 130�, retrograde). Based on the photometry
and inferred orbital properties, the planet candidate could have a temperature of 225 K, a radius of
⇡1–1.1 RJup and a mass between 90–150 M�, consistent with RV limits. This paper is first in a series
of two papers: Paper II (Sanghi & Beichman et al. 2025, in press) discusses the data reduction strategy
and finds that S1 is robust as a planet candidate, as opposed to an image or detector artifact.

1. INTRODUCTION

↵ Centauri A is the closest solar-type star to the Sun
and o↵ers a unique opportunity for direct imaging with
the James Webb Space Telescope (JWST) to detect an
exoplanet within its habitable zone and to achieve an
unprecedented level of sensitivity for the detection of an
exozodiacal dust cloud (Beichman et al. 2020; Sanghi et
al. 2025). Among the nearby stars, ↵ Cen A, primus
inter pares, o↵ers a nearly 3-fold improvement in the
angular scale of its Habitable Zone and a 7.5-fold boost
in the absolute brightness of any planet compared to
the next nearest solar type star, ⌧ Ceti. Specifically, the
F1550C coronagraph onboard the Mid-InfraRed Instru-
ment (MIRI) can be used to probe the 1–3 au (<400)
region around ↵ Cen A which is predicted to be stable
within the ↵ Cen AB system for exoplanets and/or an
exozodiacal dust cloud (Quarles, Lissauer & Kaib 2018;
Cuello & Sucerquia 2024). The detection of a planet
or exozodiacal emission, or more stringent limits on ei-
ther, would advance our understanding of the formation
of planetary systems in binary stellar systems and yield
an important target for future observations with both
JWST and the extremely large ground-based telescopes.
Of particular interest is the ability of JWST/MIRI to
confirm the detection of a candidate (C1) identified us-
ing the VISIR mid-infrared camera (10–12.5 µm) on
ESO’s Very Large Telescope (VLT) as part of the NEAR
(New Earths in Alpha Centauri Region) Breakthrough
Watch Project (Wagner et al. 2021).

In this paper, we present the results of a deep search
for planets and zodiacal dust emission obtained with
three epochs of JWST/MIRI coronagraphic imaging ob-
servations of ↵ Cen A. This paper is the first in a se-
ries and is followed by Sanghi & Beichman et al. (2025,
also referred to as Paper II). It is organized as follows.
Section 2 describes the observational strategy and pro-
gram execution. Section 3 summarizes key aspects of
the data processing strategy, the detection of a candi-
date exoplanet in the August 2024 data, the planet tem-
perature sensitivity of our observations, and upper lim-
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its on the presence of exozodiacal emission. Section 4
analyzes possible orbital configurations for the candi-
date planet. The planet’s physical properties, as con-
strained by its observed brightness and orbit, as well
as by radial velocity measurements (Wittenmyer et al.
2016; Zhao et al. 2018), are considered in Section 5.
Section 6 discusses the importance of the presence of
the candidate planet and the upper limits on exozodi-
acal emission in the context of theories of planet and
disk formation in binary systems, as well as prospects
for recovering the candidate in future observations. Fi-
nally, Section 7 presents our conclusions. Appendix A
provides the complete details of observation preparation
and Appendix B includes new ALMA astrometry and an
updated ephemeris for the ↵ Cen AB system.

2. OBSERVATIONS

2.1. Observational Strategy

We elected to observe with MIRI and its Four Quad-
rant Phase Mask Coronagraph (4QPM; Rieke et al.
2015; Wright et al. 2015; Boccaletti et al. 2022) centered
at 15.5 µm (the F1550C filter) for a number of reasons:
(1) favorable star-planet contrast ratio for the 200–350 K
temperatures expected for a planet heated by ↵ Cen A
at 1–3 au; (2) low susceptibility to the e↵ects of wave-
front drift at this long wavelength; and (3) the reduced
brightness of background objects with typical stellar
photospheres. However, despite these advantages, the
↵ Cen AB system presents numerous challenges in plan-
ning and executing coronagraphic measurements with
JWST at any wavelength.

• The presence of ↵ Cen B only 700–900 away from
↵ Cen A puts the full intensity of this bright,
[F1550C] ⇠ �0.59 mag star in the focal plane at a
position that cannot be attenuated. We developed
a strategy (§A.4) to place ✏ Mus at the position
↵ Cen B would occupy (unocculted) during the
observation of ↵ Cen A (occulted). This observa-
tion would provide a PSF reference to mitigate the
e↵ects of ↵ Cen B.

• The selection of a reference star is complicated by
the requirement that it be both comparably bright
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Table 1. Stellar Properties

Property ↵ Cen A ↵ Cen B ✏ Mus References

Spectral Type G2V K1V M4III 1, 2

Mass (M�) 1.0788 ± 0.0029 0.9092 ± 0.0025 · · · 3

Luminosity (L�) 1.5059 ± 0.0019 0.4981 ± 0.0007 · · · 3

K (mag) �1.48 ± 0.05 �0.60 ± 0.05 �1.42 ± 0.05 2, 4

F1065C �1.51± 0.05 (160 Jy) �0.59± 0.05 (51 Jy) �1.9± 0.1 (194 Jy) 5, 6, 7

F1140C �1.51± 0.05 (120 Jy) �0.59± 0.05 (59 Jy) �1.9± 0.1 (180 Jy) 5, 6, 7

F1550C �1.51± 0.05 (63 Jy) �0.59± 0.05 (28 Jy) �2.0± 0.1 (100 Jy) 5, 6, 7

Parallax (mas) 750.81± 0.38 9.99± 0.20 3, 8

Distance (pc) 1.33 100 3, 8

Proper Motion (µ↵, µ�, mas yr�1) (�3639.95± 0.42, +700.40± 0.17 ) (�231.04± 0.19, �26.39± 0.26) 3, 8

R.A. 14:39:26.155 14:39:25.9421 12:17:33.620 3, 8, 9

Decl. �60:49:56.287 �60:49:51.334 �67:57:39.072 3, 8, 9

References—(1) Valenti & Fischer (2005); (2) Ducati (2002); (3) Akeson et al. (2021); (4) Engels et al. (1981); (5) from angular
size of ↵ Cen A, ⇥ = 8.502 mas combined with a Kurucz-Castelli model with Te↵ = 5795 K and log g = 4.312 dex (cgs units;
Kervella et al. 2017); (6) From fit to Kurucz model atmosphere using VOSA SED utility (Engels et al. 1981; Ducati 2002;
Castelli & Kurucz 2003; Bayo et al. 2008); (7) Olnon et al. (1986); (8) Gaia Collaboration et al. (2016); (9) for ✏ Mus Epoch
2016.0 (Gaia DR3) and for ↵ Cen Epoch 2019.5 (Akeson et al. 2021).

to ↵ Cen A and have similar photospheric proper-
ties in the F1550C waveband.

• The moment-by-moment position of ↵ Cen A is
the result of a complex interplay of its high proper
motion and parallax (as calculated for the location
of JWST at the epoch of observation), and of the
orbital motion of ↵ Cen A and ↵ Cen B about
their common center of mass (see Akeson et al.
2021, and Table 1).

• With [F1550C] ⇠ �1.5 mag, ↵ Cen A is too bright
for direct target acquisition (TA) with MIRI, ne-
cessitating a blind o↵set from a nearby star with
an accuracy of <10 mas to avoid degradation of
the coronagraphic contrast (Boccaletti et al. 2015).
The chosen reference star ✏ Mus (§A.1) is similarly
too bright for direct TA, also necessitating a blind
o↵set.

• O↵set stars must be of su�cient astrometric accu-
racy, be as close as possible to ↵ Cen A or ✏ Mus,
but not a↵ected by di↵raction or other artifacts
from the target stars, and be of su�cient bright-
ness to be readily detectable in a short TA obser-
vation at F1000W (Figure 1).

• The time of observation should minimize the
change in solar aspect angle between target and
reference star observations and thus minimize the
change in the telescope’s thermal environment.

• Finally, all MIRI coronagraphic observations using
the 4QPM are a↵ected by excess background radi-
ation appearing around the quadrant boundaries
referred to as the “Glow Sticks” (Boccaletti et al.
2022).

2.2. Planned Observation Sequences

The above considerations led to the observational se-
quences described below and detailed in Appendix A.
Based on in-flight performance, JWST can place both
the target and reference star with an accuracy of ⇠5–
7 mas (1�, each axis) behind the MIRI/4QPM. To
provide diversity in determining the PSF for post-
processing, we selected a 9-point dither pattern for ob-
serving the reference star. The multiple reference PSF
observations improve the ability of post-processing al-
gorithms to remove residual stellar speckles and help to
mitigate wavefront error (WFE) drifts over the 32 hr du-
ration of the entire sequence. The measurement strategy
was as follows:

1. O↵set from a Gaia star (G9 in Figure 1) to place
✏ Mus at the center of the F1550C coronagraphic
mask and make a 9-point dithered set of im-
age observations of the reference star behind the
MIRI/4QPM. This is followed by observations of
a background field to subtract the Glow Stick.

2. Place ✏ Mus at the detector location that ↵ Cen B
would occupy in the Roll #1 observation to help
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Figure 1. Left: F1000W image of ↵ Cen AB showing Gaia stars (green boxes) and MIRI detections (red boxes). The stars
labeled G0 and G5 were used for target acquisition of ↵ Cen A. Right: similar F1000W image for ✏ Mus. The star labeled G9
was used for target acquisition of ✏ Mus.

mitigate speckles from the unocculted star at the
position of ↵ Cen A.

3. O↵set from a Gaia star (G0 or G5 in Figure 1) to
place ↵ Cen A at the center of the F1550C coron-
agraphic mask at the Roll #1 V3PA1 angle for a
sequence of 1250 images, followed by observations
of a background field to subtract the Glow Stick.

4. Repeat the ↵ Cen A sequence (#3) at a second
V3PA angle (Roll #2).

5. Repeat the ✏ Mus 9-point dither sequence (#1) at
the mask center.

6. Repeat the o↵-axis ✏ Mus observation sequence
(#2) but at the detector position of ↵ Cen B in
the Roll #2 observation.

2.3. Executed Observation Sequences

The observations of ↵ Cen A (Cycle 1 GO, PID #1618;
PI: Beichman, Co-PI: Mawet) were initiated in Au-
gust 2023, but were unsuccessful due to target acquisi-
tion and o↵set failures. A sequence of short test images
was obtained in June and July 2024 to validate the tar-
get acquisition strategy. Specifically, in July 2024, we
executed #1 without dithering and #3 with fewer inte-
grations.2 Following successful execution of the test pro-

1 V3PA is the position angle (PA) of the V3 reference axis east-
ward relative to north when projected onto the sky.

2 No ✏ Mus reference star observation was acquired at the detec-
tor position of ↵ Cen B in the July 2024 test observations. This
severely compromised the quality of PSF subtraction. Hence,
these observations are not presented.

gram, we conducted our full-set of science observations
in August 2024. We successfully executed steps #1, #4,
and #6 (#2 was not part of the sequence planned for
this observation). However, the first roll on ↵ Cen A
(#3) and the second ✏ Mus observation (#5) were un-
successful due to guide star failures.

Based on results from the August 2024 data, the
STScI Director’s O�ce approved a follow-up Director’s
Discretionary Time (DDT) program (PID #6797; PI:
Beichman, Co-PI: Sanghi). The complete two roll se-
quence with associated reference star observations (#1–
#6) was attempted in February 2025 as part of this DDT
program, but due to a telescope pointing anomaly, the
first ↵ Cen A roll (#3) was not executed. All other
observations were successful.

The STScI Director’s O�ce approved a second follow-
up DDT program (PID #9252; PI: Beichman, Co-PI:
Sanghi), which resulted in the successful execution of a
full two roll sequence in April 2025. A summary log of
all successful observations is provided in Table A3. In
all cases, the accuracy of the o↵sets from Gaia stars was
consistent with the expected initial pointing accuracy
(1�, 5–7 mas), the o↵set accuracy (1�, 1.5 mas) and the
line-of-sight jitter (1�, 1.5 mas) during the observing
sequence at each position. The February 2025 Roll 2
and April 2025 Roll 1 observations showed o↵sets of > 10
mas from the 4QPM center or from the Eps Mus dither
pattern and were thus of lower quality (see dither map
in Sanghi & Beichman et al. 2025).
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JWST/MIRI F1550C Observations of  Centauri AB�

Figure 2. JWST’s view of the ↵ Cen AB system. Shown above is a background-subtracted Stage 2b F1550C image of the
↵ Cen AB system from August 2024. The image is oriented North up and East left. The white stars denote the approximate
positions of ↵ Cen B, saturated near the top of the image, and ↵ Cen A in the lower part of the image hidden behind the
F1550C mask. The right colorbar (logarithmically scaled) is associated with this image. At the edge of the detector, to the
West of ↵ Cen A, is a known background source KS5 (Kervella et al. 2016). To the East of ↵ Cen A is known background
source KS2 (Kervella et al. 2016), shown as an inset, as it is only detected after performing PSF subtraction (no colorbar shown
for the inset, scaled linearly between �5 and 50 MJy/sr). An ⇡2.0075 radius region around ↵ Cen A is shaded and mapped to
three PSF-subtracted images, one for each observation epoch. Candidate S1 is seen only in August 2024. The bottom colorbar
(linearly scaled) is associated with the three PSF-subtracted images. For reference, 1 MJy/sr ⇡ 4.6⇥ 10�6 Jy/AiryCore, where
AiryCore is defined as the area of a circular aperture of diameter 1 FWHM (⇡ 0.005).

3. RESULTS

3.1. Summary of Data Reduction

Paper II (Sanghi & Beichman et al. 2025) describes
in detail the initial pipeline processing, PSF subtrac-
tion techniques for both ↵ Cen A and ↵ Cen B, source
identification steps, the photometry and astrometry es-
timation procedures, and detection sensitivity analysis.
Here, we provide a short summary. Level 0 data prod-
ucts were downloaded from MAST, processed for best
up-the-ramp calculation of source brightness and bad
pixel rejection (Brandt 2024; Carter et al. 2025), and

post-processed to remove the residual stellar di↵raction
from ↵ Cen A and ↵ Cen B. We assembled distinct ref-
erence PSF libraries for each epoch consisting of the
individual 400 frames (per dither position) of each 9-pt
SGD observation of ✏ Mus behind the 4QPM and the
individual 1250 frames of ✏ Mus at the unocculted posi-
tion of ↵ Cen B (for a given roll) obtained at the corre-
sponding epoch. We employed reference star di↵erential
imaging (RDI) and jointly subtracted ↵ Cen AB from
the 1250 ↵ Cen integrations using the principal compo-
nent analysis-based Karhunen-Loève Image Processing
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Table 2. Observations of a Candidate Planet Orbiting ↵ Cen A

ID Epoch (�↵, ��) (⇢, ✓) Wavelength Flux Contrast S/N

(00) (00, �) (µm) (mJy) to ↵ Cen A

C1 June 1, 2019 (�0.64,�0.56) ± 0.05 (0.85 ± 0.05, 228.9 ± 3.3) 11.25 1.2 ± 0.4 0.8 ⇥ 10�5 3

S1 August 10, 2024 (1.50, 0.17) ± 0.13 (1.51 ± 0.13, 83.5 ± 4.9) 15.5 3.5 ± 1.0 5.5 ⇥ 10�5 4–6

Note—Observations of C1 were obtained in 2019 by the VLT/NEAR experiment Wagner et al. (2021). Position angle (✓) is
measured East of North.

algorithm (Soummer et al. 2012). Signal-to-noise ratio
maps were generated to search for point sources (Mawet
et al. 2014) and extended emission (custom method),
and assess detection significance.

3.2. Detection of a Point Source Around ↵ Cen A

A comprehensive search of the ⇠300 region around
↵ Cen A revealed a single point-like source in the Au-
gust 2024 data, S1 (Figure 2). The source was detected
⇡1.005 East of ↵ Cen A at a S/N between 4–6 (corre-
sponding to a 3.3–4.3� Gaussian significance for the
equivalent false positive probability, see Paper II) with
a flux density of ⇡ 3.5 mJy (Table 2). The contrast of
S1 with respect to ↵ Cen A in the F1550C bandpass
is ⇡ 5.5 ⇥ 10�5. S1 is not recovered in the February
and April 2025 observations (Figure 2). At wider sep-
arations, in all three epochs, we identified two objects
denoted KS2 and KS5 that are known from deep 2 µm
VLT/NACO imaging to be background stars (Kervella
et al. 2016). In the August 2024 data, KS2 is seen ⇡ 600

East of ↵ Cen A, after post-processing, exactly in the
position expected for a distant, low proper motion star
(Figure 2). The bright object KS5 (Ks ⇠ 7 mag) is de-
tected just o↵ the edge of the coronagraphic field and
will eventually pass within a few mas of ↵ Cen A (mid-
2028; Kervella et al. 2016).

Paper II (Sanghi & Beichman et al. 2025) discusses
the robustness of the detection of S1 and with the help
of several tests, presents reasonable evidence that S1 is
a celestial signal, as opposed to an image artifact. Three
primary artifact scenarios are shown to be unlikely:

• S1 is not likely a short-lived detector artifact in
the ↵ Cen AB integrations. S1 was independently
detected in multiple subsets of the full 1250 frame
integration sequence (Section 4.2.3, Paper II). Ad-
ditionally, there was no evidence for transient “hot
pixels” in the data, centered on S1.

• S1 is not likely a PSF-subtraction artifact from
the ✏ Mus coronagraphic reference images. S1 was
detected in post-processing analyses performed by
iteratively excluding each one of the nine dither

positions (“leave-one-out” analysis, Section 4.2.4,
Paper II).

• S1 is not likely a PSF-subtraction artifact from
imperfect subtraction of ↵ Cen B. S1 is well
matched to the expected PSF profile and behaves
di↵erently with respect to changes in subtraction
parameters from another point-like object (A1)
identified as an artifact from ↵ Cen B. A1’s sig-
nal disappears both when the number of azimuthal
subsections and number of principal components
increases. S1’s signal persists in both cases (Sec-
tion 4.2.2, Paper II).

To assess whether S1 is physically associated with
↵ Cen A, we address whether it could be either a back-
ground or foreground (Solar System) object. Multiple
arguments rule out these scenarios:

• First and most conclusively, the JWST data them-
selves provide definitive evidence against the hy-
pothesis that S1 is a background object. No point
source counterparts to S1 are detected at the ex-
pected location for a background source in the
February 2025 and April 2025 observations (Fig-
ure 3). See Paper II (Sanghi & Beichman et al.
2025) for further details.

• Archival images taken by Spitzer/IRAC (Rieke
& Gautier 2004), 2MASS, and VLT/NACO
(Kervella et al. 2016) when ↵ Cen A was up to
one arcminute away from its current position do
not show any sources at the S1 position. We
also considered the e↵ects of interstellar extinc-
tion on background source detectability in archival
imaging. Extinction maps from Planck and stellar
data along the line-of-sight toward ↵ Cen provide
a range 20 < AV (mag) < 40 (Planck Collabo-
ration et al. 2016; Zhang & Kainulainen 2022),
making more extreme AV values unlikely.3 As

3 Planck Extinction maps:
https://irsa.ipac.caltech.edu/data/Planck/release 2/
all-sky-maps/maps/component-maps/foregrounds/
COM CompMap Dust-DL07-AvMaps 2048 R2.00.fits

https://irsa.ipac.caltech.edu/data/Planck/release_2/all-sky-maps/maps/component-maps/foregrounds/COM_CompMap_Dust-DL07-AvMaps_2048_R2.00.fits
https://irsa.ipac.caltech.edu/data/Planck/release_2/all-sky-maps/maps/component-maps/foregrounds/COM_CompMap_Dust-DL07-AvMaps_2048_R2.00.fits
https://irsa.ipac.caltech.edu/data/Planck/release_2/all-sky-maps/maps/component-maps/foregrounds/COM_CompMap_Dust-DL07-AvMaps_2048_R2.00.fits
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Figure 3. PSF-subtracted image centered on ↵ Cen A
for the April 2025 observations, which provides the longest
time-baseline to test the stationary background source hy-
pothesis. A square marks the location where S1 was detected
in the August 2024 epoch. A cross marks the expected loca-
tion of S1 if it were a fixed background object and showed
apparent motion with respect to ↵ Cen A due to the star’s
parallactic and proper motion. No source is detected at this
location.

shown in Figure 4, if S1 were a reddened star (an
M0III Kurucz model with Te↵ = 3800 K is shown;
Buser & Kurucz 1992) or a normal star-dominated
galaxy, its emission would be 4 to 25 times brighter
at IRAC wavelengths than at F1550C and would
have been detectable by Spitzer, or in the deep
NACO K-band image. This argument applies to
any stellar temperature, since at these wavelengths
the emission is approximately Rayleigh-Jeans.

• Figure 4 also shows the spectral energy distribu-
tion for a non-photosphere dominated galaxy, the
prototypical starburst galaxy or ULIRG, Arp 220,
at zero redshift (Polletta et al. 2007). Such
an object could have escaped detection in the
archival datasets, but the probability of chance
alignment with an extragalactic background ob-
ject is extremely low based on source-counting
studies in the MIRI broadband filters. Stone et
al. (2024) find that the background density of
F⌫(F1500W ) & 1 mJy sources is <0.05 arcmin�2,
corresponding to a chance alignment likelihood
< 4 ⇥ 10�4 within a 300 field-of-view.

• We eliminate the possibility that S1 is a fore-
ground Solar System object in a number of ways.
An inner main belt asteroid (MBA) at 2.2 AU with
a typical temperature of 200 K would have to have
a diameter of > 2 km to emit ⇠ 3 mJy at 15.5 µm.
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Figure 4. Limits from archival imaging at S1’s position.
The solid, color-coded lines show a photospheric model for
an M0III star (Te↵ = 3800 K) reddened by increasing levels
of extinction, all normalized to 3.5 mJy at 15.5 µm (red star).
The blue star denotes the flux density of the object denoted
C1 detected by the VLT/NEAR experiment (Wagner et al.
2021). The dashed lines show the spectral energy distribu-
tion of a typical star-burst galaxy or ULIRG (Arp 220) simi-
larly reddened. Upper limits at the position of S1 come from
observations at earlier epochs with Spitzer/IRAC (3–8 µm),
2MASS, and NACO (Kervella et al. 2016).

Such objects are extremely rare, < 10�4 brighter
than 3 mJy at 12 µm in a 50⇥50 field at ↵ Cen A’s
ecliptic latitude of � = �42� (Brooke 2003). Fur-
thermore, the completeness for such large MBAs
is over 90% and the Minor Planet Catalog shows
no known objects at the position of ↵ Cen A at
the August epoch4. Finally, as described in Pa-
per II, there is no angular motion seen between
the beginning and the end of ⇠2.5 hour MIRI ob-
servation compared to the expected >10 arcsec/hr
motion for an MBA at the solar elongation of our
observations, ⇡ 100� (Brooke 2003).

Based on all of the above considerations, we pursue
the hypothesis that S1 is a planet physically associated
with and in orbit around ↵ Cen A, as opposed to an ar-
tifact or an astrophysical contaminant, and investigate
its properties. Given that S1 is only detected in a single
roll observation in August 2024, we emphasize that it
is, at the moment, a planet candidate. Additional sight-
ings of S1 are required with JWST, or other upcoming
facilities, to confirm what would be “↵ Cen Ab”.

4 https://minorplanetcenter.net/cgi-bin/checkmp.cgi

https://minorplanetcenter.net/cgi-bin/checkmp.cgi
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Figure 5. Left: two-dimensional 5� planet e↵ective blackbody temperature sensitivity map, combined across all epochs by
selecting the best sensitivity (“combined minimum”, see Paper II), in sky coordinates (North up, East left). The central region
(< 0.0075, or < 1.5 FWHM, radial separations) is masked (poor detectability). A discrete colormap is chosen to highlight the
di↵erent sensitivity zones across the image. Center: same as the left panel for a S/N = 5 detection threshold. Right: 5� and
S/N = 5 median planet e↵ective blackbody temperature curves combined across all epochs.

3.3. Planet Detection Limits with JWST/MIRI

We assess our sensitivity to planets around ↵ Cen A
across all three epochs of MIRI F1550C observations.
Paper II (Sanghi & Beichman et al. 2025) presented the
calculation of 2D flux/contrast sensitivity maps. Here,
we use the “combined minimum” map from Paper II,
which corresponds to the 2D sensitivity map with the
best flux sensitivity across all three epochs at each lo-
cation where the PSF injection-recovery test was per-
formed. We convert the 5� and S/N = 5 flux sensi-
tivities (see Paper II) to e↵ective temperatures (Te↵)
assuming a blackbody model and a typical planet ra-
dius of 1 RJup (for smaller planets, the minimum de-
tectable planet Te↵ increases). The results are shown in
Figure 5. The MIRI F1550C observations are sensitive
to Te↵ ⇡ 250 K (1 RJup) planets between 100–200 for a
S/N = 5 detection threshold. Planets colder than 200 K
can be detected at wider separations (> 2.005). We note
here that more realistic planet atmospheric models may
have a higher brightness temperature (and thus flux)
in the F1550C bandpass relative to the e↵ective black-
body temperature assumed here (see §5.2, for example).
This would improve the detectability of colder planets
at smaller separations than presented here.

3.4. Limits on Extended Emission around ↵ Cen A

Beichman et al. (2020) predicted that JWST’s ability
to resolve the habitable zone around ↵ Cen A would
result in unprecedented sensitivity to warm dust—the
analog of the thermal emission from dust generated by
collisions the asteroid belt in our solar system. We show
below that the current observations have not only met
but exceeded those expectations with limits as low as a
few times the solar system brightness levels at 15.5 µm.

3.4.1. Exozodi Model Description

As described in Paper II, we injected a number exozo-
diacal cloud models into the processed ↵ Cen datacubes
to set limits on extended “exozodiacal” emission around
↵ Cen A. In the case of ↵ Cen A, stable orbits—and thus
significant dust buildup—are limited to within the sta-
ble zone, approximately <3 au from the star. The Solar
System zodiacal cloud is therefore a poor proxy for a
potential exozodi around ↵ Cen A. For a more realis-
tic representation, we consider the scenario of an aster-
oid belt analogue (ABA) located between 2–3 au, where
dust is produced in collisions, which is then transported
inward under Poynting-Robertson (PR) drag. This sce-
nario is captured by the semi-analytical model of Rigley
& Wyatt (2020), which combines approaches to deter-
mine (1) the size distribution arising in a planetesimal
belt under collisions and PR drag loss (Wyatt et al.
2011), and (2) how it evolves interior to the belt under
further collisional and drag-induced evolution (Wyatt
2005). The resulting optical depth distribution (across
grain sizes and disk radii) is then combined with the
particles’ thermal emission properties, determined us-
ing Mie theory, to compute the disk’s surface brightness
distribution.

Following the approach of Sommer et al. (2025), we
generate astrophysical scenes of the inclined, edge-on
disks from the respective surface brightness profiles, and
convolve them with the spatially varying PSF of the
F1550C coronagraphic filter (modeled using STPSF, Per-
rin et al. 2014), before injecting them into the MIRI
datacubes. An example of an exozodi scene, before and
after PSF convolution, alongside a PSF subtracted im-
age obtained after model injection, is shown in Figure 6.
Note that all exozodiacal disks considered here are as-
sumed to be coplanar with the ↵ Cen AB plane, which
is a reasonable assumption for potential circumstellar
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Figure 6. Left: unconvolved asteroid belt analogue-3 (ABA-3) exozodi model coplanar with the ↵ Cen AB binary. Center:

the exozodi model in the left panel after PSF convolution (for the April 2025 observation orientation). Right : PSF-subtracted
image showing the recovery of the ABA 3 exozodi model injected in the raw ↵ Cen AB dataset from the April 2025 observations.
The regions of the image a↵ected by the MIRI 4QPM transition boundaries at each roll are masked. The aperture that yielded
the highest S/N (= 21.3) detection for the injected disk is shown (see Paper II for details). All images are plotted on a common
logarithmic color scale.

debris disks in binaries (see Section 6.2.1), although the
invariable plane about which the orbit precesses could
also be a↵ected by the gravity of massive planets in the
system.

For the model parameters, we further assume a belt
opening angle of 5�, a size-independent catastrophic dis-
ruption threshold of 107 erg g�1 (representing the grains’
collisional strength), as well as a grain composition of
1/3 amorphous silicates and 2/3 organic refractories by
volume, which determines their Mie-theory-derived opti-
cal properties. Four models of di↵erent belt dust masses,
ABA 1–4, are considered, for which derived quantities
are summarized in Table 3. The resulting surface bright-
ness profiles of the di↵erent models are compared in Fig-
ure 7. Here, the ABA-1 model di↵ers from the other
models in having a sharper decline of surface brightness
at the inner belt edge. This is because, at that mass,
even small dust is e↵ectively ground down to blowout
sizes before it can migrate inward past the belt. As a
result, further increases in belt mass only enhance the
local brightness within the belt, while the interior re-
gions reach saturation (Wyatt 2005).

To give an indication of the plausibility of the ABA
models, we also conduct a simplified analysis of total
belt mass and collisional lifetimes within the belt, as-
suming a canonical collisional cascade with a size distri-
bution following a power-law slope of �3.5 (Dohnanyi
1969) extending up to a maximum planetesimal size
of 1000 km. Comparing the collisional lifetime of
the largest planetesimal to the system age of ↵ Cen
(⇠ 5 Gyr) shows that the ABA-1 model is likely not vi-
able, since even with planetesimals as large as 1000 km,
collisions would have inevitably eroded the planetesimal
belt to below the ABA-1 level over the system age. In
contrast, ABA-2 is marginally consistent with the an-

ticipated level of erosion, while ABA-3 and ABA-4 are
more readily compatible with the system’s age, only re-
quiring planetesimal masses of a few times that of the
Solar System’s main asteroid belt. Nevertheless, we re-
tain the ABA-1 model in this analysis for comparison
purposes.

For reference, we also include an exozodi model that
is similar to the Solar System zodi, even though its ra-
dial extent is non-physical around ↵ Cen A. This fiducial
“1-zodi” model is derived from the Kelsall et al. (1998)
geometrical model for the Solar System’s dust cloud,
which was fitted to infrared zodiacal light observations
by COBE/DIRBE. Here we use the radial surface den-
sity distribution approximation derived by Kennedy et
al. (2015) for the Kelsall et al. (1998) model. Using the
emissivities fitted by Kelsall et al. (1998), we calculate
the disk’s corresponding surface brightness distribution
at 15.5 µm, which is also shown in Figure 7. We then
use the same image synthesis pipeline as with our ABA
exozodi models, the result of which closely matches the
outcome of applying the zodipic model—an IDL im-
plementation of the Kelsall et al. (1998) model (Kuch-
ner 2012)—around ↵ Cen A (see Beichman et al. 2020),
and likewise inject this 1-zodi model into the MIRI dat-
acubes.

While our ABA exozodi models are not strictly com-
parable to the Solar System’s zodiacal cloud in terms of
geometry, it is still useful to define a “zodi level” that
quantifies the dust content of the disks relative to the
Solar System. Two wavelength-independent metrics for
this are the total disk luminosity and the surface density
within the habitable zone (HZ). The luminosity-based
zodi level is defined as the ratio of the exozodi’s frac-
tional luminosity to that of the Solar System’s zodiacal
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Table 3. Exozodiacal Disk Models

Mdust Mbelt Tcoll,1000km Fd,15 Fd,15/F?,15 Ld/L?

Model (10�8 M�) (MMAB) (Gyr) (mJy) ⇥10�4 Fd,24

�24

Fd,70

�70

Fd,100

�100
⇥10�7 ZL Z⌃ S/N

ABA 1 20 28 0.88 596 69 1.04 0.29 0.76 94 58 84 78.7

ABA 2 4 5.6 4.40 156 18 0.27 0.07 0.17 27 17 29 52.6

ABA 3 2 2.8 8.80 53 6.1 0.09 0.04 0.09 8.3 5.1 8.4 21.3

ABA 4 1.2 1.7 14.5 20 2.3 0.03 0.02 0.06 3.0 1.8 3.0 5.8

1-zodi · · · · · · · · · 8.8 1.0 0.02 0.02 0.06 1.5 .94 1.0 �0.7

Note—Exozodi models used for injection and derived quantities. Columns: Mdust, ABA model dust mass parameter
(belt mass up to 1 cm grain size); Mbelt, ABA model belt mass up to largest planetesimal (1000 km) in units of Solar
System main asteroid belts (MMAB = 4⇥ 10�4 M�); Tcoll,1000km, collisional lifetime of largest planetesimal; Fd,15, total

disk flux at 15.5 µm; Fd,15/F?,15, fractional disk flux at 15.5 µm;
Fd,24

�24
, photometric significance (phot. sig.) for

MIPS24;
Fd,70

�70
, phot. sig. for PACS70;

Fd,100

�100
, phot. sig. for PACS100 (all uncertainties from Wiegert et al. 2014);

Ld/L?, fractional disk luminosity; ZL, zodi level by fractional luminosity; Z⌃, zodi level by Earth Equivalent
Insolation Distance (EEID) surface density; and S/N ratios of injection recovery tests with the April 2025 dataset for
the case of binary-coplanar disks.

Figure 7. Surface brightness distribution of injected zodi
models. ABA-scenario zodis for di↵erent belt masses are
represented by solid lines. Our fiducial 1-zodi model based on
the Kelsall et al. (1998) model is represented by the dash-dot
line.

cloud:

ZL =
Ld

L?

. Ld,SS

L�
, (1)

while the surface-density-based zodi level is given
by the ratio of the disk surface density at the
Earth-equivalent insolation distance (EEID), r0 =p

L?/L� au—approximately 1.23 au for ↵ Cen A—to
that of the Solar System at 1 au (⌃0,SS):

Z⌃ =
⌃0

⌃0,SS
, (2)

with ⌃0,SS = 7.12⇥ 10�8 (Kennedy et al. 2015). As dis-
cussed by Kennedy et al. (2015), Z⌃ serves as a proxy for

the exozodi’s surface brightness in the HZ and is there-
fore useful for assessing its impact on direct imaging of
Earth-like planets. Both definitions of the zodi level are
provided in Table 3 for our set of models.

3.4.2. Comparison with Previous Exozodi Searches

The results of the injection-recovery analysis of our
various exozodi models, presented in Paper II (Sanghi
& Beichman et al. 2025), are summarized by the cor-
responding S/N values in Table 3. We find that the
three brightest injected exozodi models (ABA 1–3) are
reliably recovered by our method at S/N & 20. The
measured S/N for the faintest model, ABA-4, is ⇠6.
However, this S/N level does not constitute a reliable
detection as it is consistent with the range of S/N mea-
sured in the original image, when no disk model is in-
jected (see Paper II; Sanghi & Beichman et al. 2025). At
the low flux level of ABA-4, the image is dominated by
PSF subtraction artifacts from ↵ Cen B or the 4QPM
transition boundaries. In summary, these observations
are sensitive to emission from an exozodiacal cloud that
is coplanar with the binary orbit at a level of ZL ⇡ 5
or Z⌃ ⇡ 8. This represents an unprecedented sensitiv-
ity compared with previous observations and is facili-
tated by the system’s proximity and the model disks’
near-edge-on orientation, which our recovery method is
tailored to (see Sanghi & Beichman et al. 2025).

It is first worth acknowledging that previous photo-
metric searches have not detected significant excess dust
emission at any wavelength (Wiegert et al. 2014; Yelver-
ton et al. 2019). While Wiegert et al. (2014) suggest a
Spitzer/MIPS excess at 24 µm at 2.5�, even our bright-
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Figure 8. 1� (solid) and 3� (dotted) contours showing
the sky-projected positions of the S1+C1 candidate consis-
tent with a non-detection in the February (blue) and April
(red) 2025 observation epochs.

est model disk, ABA-1, yields an excess at 24 µm of only
around 1� (see Table 3). Since the ABA-1 model would
have easily been detected by our observations, we can
confidently rule out the presence of a static (inclined) ex-
ozodi to have caused the reported feature. Excesses of
our model disks in the far-IR for Herschel PACS70 and
PACS100 observations are of even lower significance,
consistent with previous non-detections. This means
that any circumstellar disk would have to be even more
massive than ABA-1 to have shown up in previous mid-
and far-IR photometric observations, indicating that our
observations which could detect ABA-3 are at least 10
times more sensitive in terms of the belt’s dust mass.

This improvement in sensitivity arises because photo-
metric observations do not provide the most stringent
limits on the presence of dust, due to calibration uncer-
tainties that limit detectable excesses to typically more
the 10% of the stellar flux (Beichman et al. 2005), but
with sensitivity approaching 2% in recent studies with
JWST (Farihi et al. 2025). By that metric it is clear
that our resolved imaging approach is able to improve
on that limit by about two orders of magnitude, since
we were able to successfully suppress the stellar emis-
sion to recover the signal of the ABA-3 model which
has an excess of ⇠ 0.06% at 15.5 µm (see Table 3). In
principle, lower dust levels than simple photometry can
be achieved using nulling interferometry to suppress the
stellar emission. The largest and deepest survey of this
kind was the HOSTS survey which used the LBT inter-
ferometer (LBTI) to search for exozodi emission in the

Figure 9. Key parameters for stable planetary orbits fitting
the S1+C1 astrometry and consistent with the February and
April 2025 non-detections. Four orbital families are observed
(prograde, retrograde, a > 2 au, a < 2 au).

habitable zone at 11 µm. While ↵ Cen A wqqqas not
included in that survey, due to its Southern hemisphere
location and its binarity, the survey results show that the
best 1� sensitivities achieved for (single) solar-type stars
reached as low as 0.05% on the null depth, which corre-
sponds to limit of ⇠ 0.3% for the total flux required for
a detection (Ertel et al. 2018, 2020). That is, our imag-
ing observations achieved a limit at least five times lower
than is achievable with nulling interferometry. A similar
conclusion is reached by comparing the 5–8 zodi levels of
the ABA-3 model (see Table 3) with the best reported
zodi limits from the HOSTS survey of ⇠70 zodis. This is
similar to the sensitivity level of previous mid-infrared
coronagraphic imaging of ↵ Cen A with VLT/VISIR,
since Wagner et al. (2021) reported a resolved source
(C1) that could be fitted with a ⇠60 zodi (3�) exozodi
model. Such a disk would be in between our ABA-1
and ABA-2 models, and thus would have been easily
detected by our observations. The VLT/VISIR noise
level is 5–10 times higher than JWST’s. We can thus
rule out that C1 belongs to a static clump of exozodi
material at this level. The comparisons with previous
observations demonstrate the dramatic improvement in
sensitivity achieved by the JWST measurements.

4. ORBITAL MODELING OF S1 + C1

With only a single JWST/MIRI sighting (and non-
detections at two other epochs), it is challenging to
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Table 4. Key S1 + C1 Orbital Parameters

Sightings Used Orbit Type a e imutual
a isky

b Teq
c

(au) (�) (�) (K)

S1, C1, & NDd Prograde, a < 2 au 1.66± 0.06 0.37± 0.12 54± 11 55± 15 or 124± 13 223± 5

No RV Constraint

S1, C1, & ND Prograde, a < 2 au 1.64± 0.07 0.33± 0.10 58± 11 41± 13 or 136± 9 223± 5

KRV < 6 m/s

S1, C1, & ND Prograde, a < 2 au 1.58± 0.08 0.27± 0.04 70± 4 16± 5 225± 6

KRV < 3 m/s

S1, C1, & ND Prograde, a > 2 au 2.18± 0.09 0.43± 0.18 49± 12 78± 26 197± 6

No RV Constraint

S1, C1, & ND Prograde, a > 2 au 2.14± 0.07 0.33± 0.14 51± 11 68± 27 195± 5

KRV < 6 m/s

S1, C1, & ND Prograde, a > 2 au 2.09± 0.02 0.46± 0.03 64± 6 22± 4 200± 1

KRV < 3 m/s

S1, C1, & ND Retrograde, a < 2 au 1.68± 0.06 0.36± 0.12 126± 10 64± 7 or 132± 19 221± 6

No RV Constraint

S1, C1, & ND Retrograde, a < 2 au 1.67± 0.08 0.34± 0.10 123± 11 49± 6 or 144± 14 221± 6

KRV < 6 m/s

S1, C1, & ND Retrograde, a < 2 au 1.65± 0.08 0.36± 0.07 115± 5 162± 5 223± 6

KRV < 3 m/s

S1, C1, & ND Retrograde, a > 2 au 2.23± 0.14 0.43± 0.18 126± 10 89± 24 194± 8

No RV Constraint

S1, C1, & ND Retrograde, a > 2 au 2.23± 0.16 0.32± 0.14 122± 9 88± 29 192± 8

KRV < 6 m/s

S1, C1, & ND Retrograde, a > 2 au 2.09± 0.02 0.64± 0.03 115± 5 163± 5 208± 3

KRV < 3 m/s

aInclination relative to the ↵ Cen AB orbital plane (iAB = 79.2430� ± 0.0089�, ⌦AB = 205.073� ± 0.025� from
Akeson et al. 2021).

b Inclination relative to the plane of the sky. Bimodal distributions (about isky = 90�) are presented as two sets
of values.

cFlux-averaged mean planet temperature for AB = 0.3 (see §5.1)
dND denotes that orbits were checked for consistency with non-detections in the February and April 2025 epochs.

Note—Parameters are reported as mean ± standard deviation. KRV assumes a planet mass of 100 M�.

uniquely constrain the orbit of S1. To make progress, we
consider the family of orbits that (a) fit the relative as-
trometry of S1 and the VLT/NEAR 11.25 µm candidate
C1 (Wagner et al. 2021), which we treat as an earlier de-
tection of the S1 object (and in this context, referred to
as the S1 + C1 candidate); (b) are dynamically stable
in the presence of ↵ Cen B; and (c) are consistent with
the non-detection of S1 + C1 in the February and April
2025 observation epochs. Additionally, we consider the
consistency of the candidate’s orbits with existing RV
upper limits.

4.1. Selection of Stable Orbits

First, we randomly generate 107 orbits matching the
astrometry of S1 and C1 (Table 2) using the Orbits
For The Impatient (OFTI) algorithm via the orbitize!
package (Blunt et al. 2017, 2020). We apply the default
priors in the orbitize! code to the candidate planet’s
orbital elements and use a Gaussian prior for ↵ Cen A’s
mass and parallax (MA = 1.0788 ± 0.0029 M�, ⇡ =
750.81 ± 0.38 mas, from Akeson et al. 2021). Next, we
evaluate the stability of the accepted orbits using the N -
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Figure 10. 100 randomly selected stable planetary orbits fitting the S1+C1 astrometry (marked as green points) and consistent
with the February and April 2025 non-detections, for each orbital family.

body simulation software Rebound (Rein and Liu 2012)
over million year timescales using the WHFAST integrator
(Rein et al. 2019). A given simulation is deemed unsta-
ble for very high planetary eccentricity (ep > 0.95) or
large planetary distances from the host star (dp > 5 au).
Previous studies showed that orbits that meet either
criterion are very likely to be unstable on billion-year
timescales (Quarles & Lissauer 2016, 2018), where more
than 90% of orbits stable on a million-year timescale
were also stable for billion-year timescales. We find that
30% of the orbits from the initial orbitize! sample are
dynamically stable.

4.2. Incorporating Constraints From Non-Detections

We investigate which of the above S1 + C1 stable or-
bits are consistent with non-detections in the February
and April 2025 observation epochs using the 2D sen-
sitivity maps generated for both epochs in Paper II
(Sanghi & Beichman et al. 2025). Specifically, we use

the S/N = 5 sensitivity map (rather than the 5� sig-
nificance sensitivity map) to be stricter in eliminating
orbits where S1+C1 would have been marginally recov-
ered in our follow-up observations. The sensitivity maps
provide the minimum point source flux detectable at a
S/N = 5 at di↵erent sky coordinates around ↵ Cen A.
For each of the stable orbits above, we predict the sky
position of the candidate planet in the February and
April 2025 observations, and check the corresponding
location in the sensitivity map to evaluate whether it
would have been detected (for a flux of 3.5 mJy). Or-
bits where the candidate would have been recovered in
either of the two epochs are eliminated. We find that
52% of the stable orbits that fit the S1 + C1 astrometry
are also consistent with non-detections in both February
and April 2025 (Figure 8). There is, thus, an a priori
significant chance that, if real, the planet candidate could
have been missed in both follow-up observation epochs.
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1�RV Noise 2� 3�

Figure 11. The radial velocity (RV) semi-amplitude of a
100 M� planet in stable orbits fit to S1+C1 and consistent
with non-detections in the February and April 2025 epochs.
Note thatKRV scales linearly with planet mass. The system-
atic RV noise floor of 3 m/s (1�; Zhao et al. 2018, Kervella
et al., in prep) is shown.

The posteriors for the three key orbital elements
(semi-major axis a, eccentricity e, and mutual incli-
nation imutual with respect to the ↵ Cen AB binary
orbit5) of the stable orbits consistent with the non-
detections (Figure 9) show that there are four families
of orbits6. They correspond to the number of orbital
periods that have elapsed between the VLT/NEAR ob-
servations in June 2019 and the JWST detection in Au-
gust 2024 (either ⇠1.5 or ⇠2.5 periods, for a ⇡ 1.6 au
and a ⇡ 2.1 au, respectively) and orbits in either the
prograde (imutual ⇡ 50�) or retrograde (imutual ⇡ 130�)
direction (Figure 10). In addition to being significantly
inclined, the S1+C1 planet candidate is in a moderately
eccentric (⇡ 0.4) orbit. A summary of the mean orbital
parameters for each family (no RV constraint case) is
provided in Table 4. Note that all orbits presented are
dynamically stable as evaluated previously (§4.1).

4.3. Consistency with RV Limits

To the family of stable orbits consistent with non-
detections, we can add a constraint of KRV < 3 m s�1

(1�; Butler et al. 2004; Zhao et al. 2018) on the ra-
dial velocity of ↵ Cen A, which is also observed in
the HARPS RV residuals (Kervella et al., in prepara-
tion). This systematic noise floor constrains the mini-
mum mass (Mp sin i) of any planet around ↵ Cen A to

5 The mutual inclination is calculated using Equation 19 in Xuan
& Wyatt (2020) and using the orbital parameters for ↵ Cen AB
in Akeson et al. (2021).

6 We do not consider the small fraction (⇠0.2% of the total num-
ber) of a < 1.5 au orbits in Figure 9 as they do not agree with
S1’s relative astrometry within 1� uncertainties.

be < 100 M� (2�) or < 150 M� (3�) within ⇡ 2 au.
Among the dynamically stable S1 + C1 orbits consis-
tent with the non-detections, assuming Mp = 100 M�,
we find that 4% of these orbits result in KRV  3 m/s,
50% result in KRV  6 m/s, and 99.8% of all orbits
result in KRV  9 m/s (Figure 11, the maximum KRV

is ⇡ 11 m/s). Table 4 presents orbital parameters for
each case. The semi-major axis and eccentricity remain
largely unchanged after applying the RV constraints;
however, the mutual and sky inclinations vary as the
RV constraint becomes stricter (smaller reflex motion).
In summary, the astrometric positions of S1 + C1 can
be fit by dynamically stable orbits consistent with both
the non-detections in follow-up observations and exist-
ing RV limits. All dynamically stable S1 + C1 orbits
consistent with non-detections can be retrieved from
10.5281/zenodo.16280658.

5. PHOTOMETRIC MODELING OF S1 + C1

In this section, we consider the available photo-
metric data points for the ↵ Cen A planet candi-
date (JWST/MIRI 15.5 µm and possibly, VLT/NEAR
11.25 µm) to investigate its bulk physical properties.
While the photometric data are sparse at the moment,
there are some physical constraints that can be applied
to aid modeling e↵orts. First, the e↵ective temperature
of the planet candidate is expected to be set by heating
from ↵ Cen A. Second, the radius of a mature (⇠5 Gyr)
gas giant planet cannot significantly exceed 1–1.2 RJup

(allowing for some variations if the planet is rapidly ro-
tating and viewed pole-on, for example) unless it is lo-
cated in a very tight “Hot Jupiter” orbit, which is not
the case as seen in the previous section on orbital mod-
eling. Finally, the mass of the planet must be consistent
with the limits set by the radial velocity measurements
(Zhao et al. 2018). Subject to these constraints, we ex-
amine a range of plausible atmospheric models as well
as thermal emission from a Saturn-like particle ring to
explain the photometric data.

5.1. Equilibrium Temperature

We use the orbital information to infer the range of
plausible e↵ective temperatures for the planet candi-
date, heated by ↵ Cen A. The equilibrium temperature
for a planet on an eccentric orbit depends on the in-
stantaneous stellar input, the planet’s thermal inertia,
and radiative timescale. For a gas giant planet, any
variations of temperature through the orbit are damped
by the thermal inertia of the dense H/He atmosphere
(Quirrenbach 2022). In such a scenario, the correction
to the equilibrium temperature to account for changes in
the insolation averaged over an eccentric orbit are small,

10.5281/zenodo.16280658
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Figure 12. Range of flux-averaged mean planet temper-
atures for AB = 0.3 corresponding to the orbits described
in the preceding section. The lower temperatures in the bi-
modal distribution correspond to the a > 2 au orbits.

only a few percent, for eccentricities up to 0.5 (Johnson
& McClure 1976; Quirrenbach 2022). The flux-averaged
temperature of a body heated by and orbiting ↵ Cen A
in an eccentric orbit, Teq, at a distance d is given by

Teq = T? ·
✓

1 � AB

4f

◆1/4

·
r

R?

d
· (1 � e2)�1/8, (3)

where T? = 5766 K (Zhao et al. 2018), R? = 1.2175 R�
(Akeson et al. 2021), AB is the Bond albedo, and full
heat re-distribution (f = 1) is assumed. Adopting AB

= 0.3 (intermediate between the values for most Hot
Jupiters and those of the Solar System gas giants), we
compute Teq for all S1+C1 stable orbits consistent with
the non-detections (§4) and find a bimodal distribution
with peaks at ⇡195 K and ⇡220 K (Figure 12). The
lower temperatures correspond to orbits in the a > 2 au
families and the higher temperatures correspond to or-
bits in the a < 2 au families (Table 4).

The contributions of additional sources of heat for the
planet candidate’s temperature are negligible compared
to stellar insolation. (1) Residual heat of formation:
↵ Cen A is ⇠5 Gyr old. For a similar internal radiation
flux (F ) as Jupiter or Saturn, Tint < 110 K (Li et al
2018), the increase in temperature is negligible, due to
T / F 1/4 and the planet candidate’s higher expected
Teq. (2) Radiation from ↵ Cen B: ↵ Cen B is less lu-
minous than ↵ Cen A by a factor of ⇠3 (Akeson et al.
2021) and at the time of JWST observations was ⇠20 au
away from ↵ Cen A. Thus, its contribution to heating
is negligible. (3) Tidal heating: the S1 + C1 candidate
is in an eccentric orbit. However, Ėtide / a�15/2 (Peale
& Cassen 1978) is negligible for a ⇠ 2 au. (4) Heating
from radioactivity: this is negligible for Neptune, which

is both much colder than S1+C1 and likely has a larger
fraction of radioactive isotopes.

5.2. Planet Atmospheric Models

The goal in this section is to obtain first estimates
of the planet candidate’s fundamental parameters (Te↵ ,
radius, and mass) using atmospheric model grids avail-
able in literature for cold planets and brown dwarfs.
Given the numerous atmospheric parameter degenera-
cies involved in fitting two photometric data points,
particularly in the observationally unexplored low-mass
(. 200 M�), low temperature (< 300 K) planetary
regime (see for example, Crotts et al. 2025), we aim only
to provide example scenarios that can explain the ob-
served flux measurements. Detailed atmospheric mod-
eling is appropriate for future studies when additional
photometry and/or spectroscopy is available (see §6.3).

We jointly fit the F1550C JWST/MIRI flux and the
11.25 µm VLT/NEAR flux (Table 2), assuming they
are related (as indicated by the orbit fits in the pre-
vious section). The fitting procedure synthesizes model
photometry in the F1550C bandpass (⇡15.15–15.85 µm,
using the transmission curve from the SVO filter profile
service7) and the VLT/NEAR bandpass (⇡10–12.5 µm,
constant transmission assumed), and finds the minimum
radius (< 1.2 RJup) that yields a model flux consistent
with the measured photometry within 1�. The e↵ec-
tive temperature of the planet is set to 225 K for the
atmospheric models fit below, matching that expected
for a < 2 au orbits (Table 4)8. We also restrict the
surface gravity (log g, in CGS units) of the models
to 2.5–3.0 dex, chosen to yield a planet mass .150–
200 MEarth to be consistent with radial velocity limits
(Mp sin i < 150 M�, 3�; inclined orbits can raise the
limit on the true planet mass).

ATMO2020++ (Leggett et al. 2021; Meisner et al.
2023): Using the ATMO2020 models with strong ver-
tical mixing as a starting point, ATMO2020++ mod-
ifies the adiabatic ideal gas index � (and thus atmo-
spheric temperature gradient) to account for the e↵ect
of processes responsible for producing a non-adiabatic
cooling curve in giant planet and brown dwarf atmo-
spheres. These processes include complex atmospheric
dynamics (e.g., zones, spots, waves) due to rapid rota-
tion, compositional changes due to condensation, upper
atmosphere heating by cloud decks or breaking grav-
ity waves, etc. Recent modeling with JWST data has
shown that this grid provides an improved fit to Y

7 http://svo2.cab.inta-csic.es/theory/fps/
8 We were unable to fit the photometry with 200 K models for

planet radii < 1.2 RJup.

http://svo2.cab.inta-csic.es/theory/fps/
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JWST S1 (F1550C)

VLT C1 (NEAR)

Synthetic Photometry (F1550C)

Synthetic Photometry (NEAR)

ATMO2020++: Non-Adiabatic Disequilibrium Chemistry Model

 = 225 K,  = 3.0, [M/H] = +0.5,  = 1.1 Te� log g R RJup

PICASO Custom Cloudy Model

 = 225 K,  = 2.75, [M/H] = +1.0,  = 1.15 , log  = 9, C/O = 2.5,  = 6Te� log g R RJup Kzz fsed

Figure 13. Te↵ = 225 K atmospheric models consistent with the S1 + C1 photometry (within 1�) for a radius < 1.2 RJup.

dwarf spectra compared to the standard-adiabat mod-
els (Leggett & Tremblin 2023, 2024; Luhman et al.
2024). The default ATMO2020++ grid only extends
to Te↵ = 250 K, so we generated custom models for
Te↵ = 225 K, log g = 3.0 dex, and [M/H] = +0.5, +1.0.
We find that the Te↵ = 225 K, log g = 3.0 dex, and
[M/H] = +0.5 model agrees with the photometry for a
radius of 1.1 RJup (Figure 13). For the above parame-
ters, the planet candidate would have a mass ⇡150 M�.

Sonora and PICASO models: The Sonora Flame
Skimmer models (Mang et al., in prep) extend the
cloud-free Sonora Elf Owl grid (Mukherjee et al. 2024;
Wogan et al. 2025) to colder e↵ective temperatures,
lower surface gravities, and a broader range of metal-
licities. These models incorporate rainout chemistry
for H2O, CH4, and NH3—even in cloud-free atmo-
spheres—similar to the treatment in Sonora Bobcat.
They also address the underestimation of CO2 found
in the Sonora Elf Owl models (Mukherjee et al. 2024),
which has since been revised in Wogan et al. (2025). In
addition, we generated a custom grid of cloudy mod-
els using PICASO (Batalha et al. 2019; Mukherjee et
al. 2023). This grid spans e↵ective temperatures of
Te↵ = 200 and 225 K, surface gravities of log g = 2.75
and 3.0 dex (cgs), eddy di↵usion coe�cients Kzz = 102

and 109 cm2 s�1, metallicities of [M/H] = +0.5 and
+1.0, and a C/O ratio of 2.5 (relative to solar). Cloudy
models have fsed = [4, 6, 8], with H2O as the only
condensing species. We find that the Te↵ = 225 K,
log g = 2.75 dex, [M/H] = +1.0, log Kzz = 9, C/O =
2.5, fsed = 6 model agrees with the photometry for a ra-
dius of 1.15 RJup (Figure 13). For the above parameters,
the planet would have a mass ⇡90 M�.

Additional models applicable to cool giant planets:
We also experimented with fitting the photometry us-
ing the Sonora Bobcat cloudless, chemical equilibrium

model grid (Marley et al. 2021), the ATMO2020 so-
lar metallicity, disequilibrium chemistry model grid
(Phillips et al. 2020), the patchy water cloud models
of Morley et al. (2014), and a new grid of self-consistent
models by Lacy & Burrows (2023) that incorporate both
the e↵ects of water clouds and disequilibrium chemistry.
However, we did not find suitable solutions with these
grids, as they all required a Te↵ � 250 K to fit the pho-
tometry for a radius < 1.2 RJup.

5.3. Planet Ring System Models

The previous section presented example planet mod-
els which can reproduce the brightness of S1 + C1, but
required planet radii ⇡ 1.1 RJup (driven by the observed
F1550C brightness), more commonly observed for hot-
ter planets, but plausible if a rapidly rotating planet
is viewed closer to pole-on (the observed surface area
can be higher). Alternate explanations for the F1550C
brightness include (1) a knot of exozodiacal emission; or
(2) a smaller planet with a circumplanetary ring. Given
the lack of exozodi detection reported in §3.4, we do not
consider the exozodi knot interpretation further, except
to note that this would require the knot to dominate the
exozodi emission, and for the knot to orbit the star with
similar constraints to those reported for the planet sce-
nario (§4) and to have only been detected at one epoch
of our observations.

For an interpretation of the emission as circumplan-
etary material, a straight-forward model is to consider
an optically thick ring. A ring is not expected to have
significant thermal inertia (as opposed to a gas giant
planet, as discussed in §5.1). Thus, the ring temperature
at the S1 and C1 detection epochs will be the instan-
taneous equilibrium temperature calculated for the true
planet-star separation at those epochs. For each stable
S1 + C1 orbit consistent with the non-detections in the
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Figure 14. Range of (true) star-planet separations (top) and instantaneous temperatures (bottom) for a planetary ring with
AB = 0.1, no thermal inertia, and f = 1, seen at the epochs of S1 (left) and C1 (right) based on the stable orbits consistent
with non-detections in the prograde a < 2 au family as described in §4. The mean value of each distribution is marked with a
dashed line and noted with the standard deviation in the top right corner of each panel.

prograde a < 2 au family, we calculate the planet-star
separation and the corresponding equilibrium tempera-
ture, assuming AB = 0.1 (similar to asteroids) and f = 1
(Figure 14). Orbits with a < 2 au are favored as they
yield a higher planet Teq, which is required to better fit
the F1550C brightness (the prograde and retrograde sce-
narios yield similar separation distributions and mean
values). We find that an optically thick circumplanetary
ring would be hotter at the C1 epoch (Teq = 257±22 K)
than at the S1 epoch (Teq = 209 ± 11 K).

We modeled the observed S1 + C1 photometry us-
ing various 225 K planet atmospheric models (grids dis-
cussed in §5.2) combined with a constant surface area
(free parameter) blackbody ring with a temperature of
257 K for the VLT/NEAR 10–12.5 µm flux and a tem-
perature of 209 K for the F1550C flux. The photometry
agrees, within 1� uncertainties, with a Sonora Flame
Skimmer clear, equilibrium, Te↵ = 225 K, log g = 3.0
dex, [M/H] = +1.0, and C/O = 1.5 model for a planet
radius of 1 RJup (corresponding to ⇡ 120 M�), together

with a ring that has a cross-sectional area equivalent to
a face-on disk of radius ⇡ 64,000 km or ⇡ 0.9 RJup (Fig-
ure 15). This is ⇠ half the cross-sectional area of Sat-
urn’s rings, which extend to 140,000 km (plus a more
tenuous, more distant distribution). Planetary rings lie
in their planet’s Roche zone from 1.4–2.5 Rp, so this
explanation seems plausible. If the planet candidate is
closer to the star at the S1 epoch or farther at the C1
epoch than the mean separation presently assumed at
each epoch, then the agreement with the measured pho-
tometry improves.

We stress that the ring model discussed above is highly
simplified. Geometrical e↵ects make it challenging to de-
velop a fully comprehensive and accurate optically thick
ring model. The inclination of the ring with respect to
the star a↵ects the ring’s temperature. The inclination
of the ring to our line-of-sight together with shadowing
of the ring by the planet a↵ects the inferred size and vis-
ible emitting area. Additionally, a ring could both shade
the planet from starlight, reducing planet temperature,
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C1

S1

Figure 15. Blackbody (BB) emission from a circumplan-
etary ring for a total cross-sectional area equivalent to the
half the face-on cross-sectional area of Saturn’s rings together
with a fiducial planet atmospheric model (Te↵ = 225 K, log g
= 3.0 dex, [M/H] = +1.0, C/O = 1.5, Rp = 1 RJup). Each
component contributing to the total model VLT/NEAR and
F1550C flux (squares) is shown. There are two BB compo-
nents as the ring temperature is di↵erent for each detection
epoch, depending on the planet-star separation in Figure 14.

and block planet light towards the observer. In the ab-
sence of strong constraints on the planet candidate’s or-
bit and with only two photometric points, the problem
is highly unconstrained. Overall, the key takeaway of
the analysis presented above is that a circumplanetary
ring around the S1 + C1 planet candidate is a plausible
hypothesis to explain the higher F1550C brightness for
a smaller planet than inferred just using atmospheric
models. A summary of the inferred mass and radius
of the S1 + C1 candidate from both atmospheric and
ring models, as compared with the cold transiting planet
population, is presented in Figure 16.

For completeness, we consider an alternative model for
circumplanetary material, where the cross-sectional area
derived above comes from an optically thin dust distri-
bution, such as one that might arise from the grinding
down of a cloud of irregular satellites orbiting the planet
(Kennedy et al. 2011). Such a cloud could extend out
to roughly half the Hill radius of the planet (RH ⇠ 0.09
au radius for a low eccentricity, 100 M� planet at 2 au),
which would correspond to a distribution with optical
depth ⇠ 5 ⇥ 10�5. Small grains with realistic optical
properties, in models in which the dust is optically thin,
are heated above blackbody temperature. This increases
the flux in the VLT/NEAR bandpass and makes it more
challenging to simultaneously fit the S1 and C1 photom-
etry, specifically because the ring is expected to have a
higher temperature at the C1 detection epoch than the
S1 detection epoch from planet-star separation calcula-

Figure 16. Observed masses and radii derived from transit
observations for planets cooler than 750 K (from the Plan-
etS Catalog, Müller et al. 2024) are shown along with the
properties of the S1+C1 planet candidate inferred from the
di↵erent models. The shaded area shows the approximate
range of RV upper limits, depending on the exact inclination
of the candidate’s orbit. The positions of Saturn and Jupiter
are included.

tions (Figure 14). This would require the dust distribu-
tion to be truncated to avoid the presence of µm-sized
dust. This is in addition to the challenge of retaining
the irregular satellites given their expected collisional
erosion.

6. DISCUSSION

We start by investigating possible mechanisms to ex-
plain the high eccentricity and inclination orbits inferred
for the S1 + C1 candidate in a close binary system like
↵ Cen AB. We then briefly discuss the prospects for
other planets or an exozodiacal disk around ↵ Cen A in
the presence of the S1 + C1 candidate, and end with a
discussion of implications of a gas giant in ↵ Cen AB
system in relation to theories of planet formation in bi-
nary systems.

6.1. Planetary Companions

6.1.1. Secular Dynamics of S1 + C1 Planet Candidate

Table 4 reveals that the best fitting orbits for S1+C1
consistent with the non-detections are significantly in-
clined with respect to the ↵ Cen AB binary orbital plane
and eccentric, which naturally leads one to suspect that
the planet candidate might undergo von Zeipel-Kozai-
Lidov (vZKL) oscillations. The von Zeipel-Kozai-Lidov
mechanism is a secular gravitational e↵ect in hierarchi-
cal triple systems whereby a distant companion’s torque
drives a periodic exchange between the inner orbit’s ec-
centricity and inclination. This dynamical exchange can
help explain why the candidate planet’s best-fitting or-
bits exhibit moderate eccentricity, as it cycles through
a wide range of eccentricities and mutual inclinations
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Figure 17. Range of minimum mutual inclination imut experienced by the prograde (a) and retrograde (b) planet in the inner
orbit (a < 2 au family). Orbits colored yellow represent the imut range within the von Zeipel-Kozai-Lidov (vZKL) regime that
would produce large amplitude oscillations, while blue denotes imut values that would have much lower oscillations.

(von Zeipel 1910; Kozai 1962; Lidov 1962; Ito & Ohtsuka
2020). In the test particle approximation (Naoz 2016)
for vZKL oscillations, the less massive body (S1 + C1)
will have a minimum mutual inclination imut relative to
the more massive binary, which is approximately 39.2�

for prograde and 141.8� for retrograde orbits. Figure 17
shows the probability density of minimum inclination at-
tained during our N-body stability simulations selecting
on the stable orbits that fit S1 + C1 and are consis-
tent with non-detections. The minimum mutual incli-
nation shows that a majority of orbits undergo vZKL
oscillations, likely to be large amplitude, in the test par-
ticle approximation and consistent with the candidate’s
present configuration.

6.1.2. Prospects For Other Planets Orbiting ↵ Cen A

The Hill Radius, RH , gives a measure of the relative
gravitational influence of two bodies on a third and can
be used to identify regions in semi-major axis for the
stability of a third body. We use this to assess the pos-
sibility that another planet might exist in the Habitable
Zone (HZ) of ↵ Cen A given the presence of a planet
with the properties of S1 + C1. The Hill Radius, RH is
given by:

RH ⇡ a(1 � e) 3

r
mp

3(m⇤ + mp)
. (4)

Given the best-fit semi-major axis, a, and eccentricity,
e, for each of the potential orbital families (Table 4), us-
ing the host star mass (m? = 1.08 M�), and assuming a

candidate planet mass (mp ⇠ 100 M�), the Hill Radius
RH for semi-major axis, a=1.62–2.16 au and eccentric-
ity ⇠0.4, ranges from 0.044–0.060 au. Quarles, Lissauer
& Kaib (2018) argue that for stability in a coplanar sys-
tem, a bu↵er zone of ⇡ 7.5 RH is required to establish
stable orbits in a two planet system. Thus, it is unlikely
for there to be any other planets between a(1�e)�7.5RH

and a(1+e)+7.5RH, i.e., from 0.6 au to 3.5 au, depend-
ing on the value of a. Thus, assuming the S1 + C1 can-
didate is real, there are probably no other planets within
or exterior to ↵ Cen A’s HZ.

These arguments are bolstered with numerical sim-
ulations which show, with the parameters of S1 + C1,
there are no stable orbits exterior to ⇠0.5 au (Figure 18).
These simulations use the N-body simulation package
Rebound with the IAS15 integrator, where the massive
bodies (binary + S1 + C1) begin with the mean or-
bital parameters from the KRV < 3 m/s cases in Ta-
ble 4 for S1+C1 and stellar parameters from Akeson et
al. (2021). The putative second planet begins as a test
particle on a slightly eccentric orbit (e⇤

p
= 0.05) that

is apsidally aligned and coplanar with S1 + C1, where
we vary the putative second planet semi-major axis a⇤

p

from 0.25 � 3 au with steps of 0.001 au and initialize
the mean anomaly of the body from 0� � 359� in steps
of 1�. The simulations are evolved for 1 Myr, where an
individual simulation is stopped depending on the state
of the test planet, which can either be ejected (distance
r⇤
p

of the test planet exceeding 5 au), have high eccen-
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Figure 18. The planet candidate is initialized using the mean values from Table 4 with KRV < 3 m/s, where the color-coded
points denote the planet candidate with a prograde (blue/cyan) or retrograde (red/magenta) orbit. The top panel shows the
lifetime t99 when 99% of the test particles are unstable, while the bottom panel measures the fraction of stable particles for a
given initial semi-major axis. The triangles denote upper limits for the stable fraction due to the finite number of trials (360)
per semimajor axis. The light green region denotes the optimistic HZ, while the dark green represents the more conservative
HZ.

tricity (e⇤
p

> 0.95), or collide with either S1 + C1 or the
host star.

From these simulations, we calculate the lifetime t99
when 99% of the test particles are unstable (in Fig-
ure 18a) and the fraction of test particles that are sta-
ble for a given semi-major axis (in Figure 18b). For
a⇤
p

& 0.5 au, virtually all test particles are unstable
within 105 yr, while for a⇤

p
& 0.4 au very few remain

in orbit for 1 Myr. The prospects for stability for the
test particles increase for a⇤

p
. 0.4 au, but only when

considering a retrograde-orbiting planet candidate. In
summary, Figure 18b strongly suggests that the region
exterior to ⇠0.4 au will be inhospitable to any other
planets in the presence of S1 + C1. The dynamics of
the ↵ Cen AB system were already known to be inhos-
pitable to planets outside of ⇠3 au (Quarles & Lissauer
2018).

6.1.3. Planets in Binary Systems

Planets in multiple star systems are not rare. As of
this writing, the NASA Exoplanet Archive (Christiansen
et al. 2025) lists over 500 such systems, although their
number decreases with the number of stars (only 71
in triple systems such as ↵ Cen AB + Proxima Cen,

i.e., ↵ Cen ABC, but stellar companions that are as
intrinsically-faint as Proxima Cen may not have been
identified yet), including cases like Kepler-132 (KOI-
284) where planets have been found in circumstellar or-
bits about both stars (Lissauer et al. 2014). There is
strong observational evidence and robust physical ar-
guments suggesting that for systems with a < 100 au,
the formation of planets larger than sub-Neptunes in
stable configurations is suppressed in multiple systems
(Kraus et al. 2016; Moe & Kratter 2021; Dupuy et al.
2022; Sullivan et al. 2024). Moe & Kratter (2021, their
Figure 3) describe a suppression factor of 0.4 for a bi-
nary system with ↵ Cen AB’s semi-major axis of 23 au.
Yet although there is observational evidence for the sup-
pression of planet formation in binary systems, there are
numerous analyses of multiple star systems which show
islands of stability close to either or both of the stars in
multiple systems (Quarles & Lissauer 2016, 2018). Two
systems in particular, HD 196885 AB + HD 196885 Ab
and � Cep AB + � Cep Ab, are notable for their sim-
ilarity in S-type orbital architectures to the candidate
↵ Cen AB + S1 + C1 system (Table 5). In each case,
the stellar system is a close, eccentric binary and hosts
a moderately eccentric planet that is inclined with re-
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Table 5. Known S-type Planetary Systems with Similar Orbital Architecture as ↵ Cen AB + S1 +C1

Planetary System aA�B eA�B aA�Ab eA�Ab imutual References

(au) (au) (�)

↵ Cen AB + S1 + C1 Candidate ⇡23 ⇡0.5 ⇡1.6 or ⇡2.1 ⇡0.4 ⇡50 or ⇡130 1, 2

HD 196885 AB + HD 196885 Ab ⇡21 ⇡0.4 ⇡2.6 ⇡0.5 ⇡25 3

� Cep AB + � Cep Ab ⇡19 ⇡0.4 ⇡2.1 ⇡0.1 ⇡114 4

Note—The orbital parameters are generally well-constrained in all cases but are quoted without uncer-
tainties for the purposes of an approximate, order-of-magnitude comparison.

References—(1) Akeson et al. (2021); (2) This work; (3) Chauvin et al. (2023); (4) Huang & Ji (2022).

spect to the stellar binary orbital plane (prograde or
retrograde). Thus, the existence of an exoplanet with
the properties of S1+C1 in the ↵ Cen AB system is not
impossible.

6.2. Exozodiacal disks

6.2.1. Exozodiacal Disks in Binary Systems

While the formation of circumstellar sub-Neptunes
and larger planets appears to be significantly suppressed
in close binaries like ↵ Cen AB, the fate of the smaller
bodies that constitute terrestrial planets and debris
disks is more nuanced. On the one hand, there has so
far been no clear detection of circumstellar debris disks
in binaries of separations <100 au by means of infrared
excess (Trilling et al. 2007; Yelverton et al. 2019). But
recent observational findings suggest that the presence
of circumstellar super-Earths in such binaries is rela-
tively less suppressed than that of sub-Neptunes (Sulli-
van et al. 2024). This implies that the early stages of
planet formation, that is, planetesimal formation and
accretion, remain relatively e↵ective.

It is thus reasonable to assume that debris disks can
form and exist around these objects, with the caveat
that they must lie within the stable region around ei-
ther stellar component, stretching only a small fraction
of their separation, e.g., ⇠12% in the case of ↵ Cen AB
(Thebault et al. 2021; Cuello & Sucerquia 2024). For bi-
naries with similar separations, this suggests that only
asteroid belt analogues within a few AU of each star are
dynamically viable as circumstellar debris disks. Any
dust produced from them would be relatively warm
(⇠ 100–300 K), exozodiacal dust, and would emit pre-
dominantly in the mid-infrared—where it is outshone by
the star—potentially explaining the lack of photometric
detections.

Finally, recent observational studies indicate that the
orbits of planets orbiting one of the stars in binary (an S-
type exoplanet) are roughly aligned with the binary or-
bit, particularly for separations below ⇠ 100 au. Astro-

metric monitoring of Kepler planet hosts in binaries has
shown that mutual inclinations are typically small, likely
within 0–30° (Dupuy et al. 2022; Lester et al. 2023).
These findings suggest that long-lived debris disks might
exist and might be aligned with binary orbital plane.

6.2.2. Can an Exozodi Disk and an S1 + C1-like Planet

Coexist Around ↵ Cen A?

The prospects of finding a stable debris disk orbiting
a star in a binary system must also be considered in
the context of the presence of planets. Figure 18 shows
e↵ect of a planet on the possibility of stable orbits ei-
ther for other planets or for particles in a disk. This
shows that even if a planetesimal belt was able to form
in this system it would not be able to survive in the face
of dynamical perturbations from both ↵ Cen B, which
prevents orbits surviving beyond ⇠ 2.8 au (Quarles &
Lissauer 2016), and a planet like the S1 + C1 candidate
which causes an unstable region that extends to within
⇠0.4 au of ↵ Cen A. While a planetesimal belt could
survive interior to the planet, the current JWST/MIRI
observations are not sensitive to any possible exozodi so
close to the star.

6.3. Future Opportunities with ↵ Cen A

The most pressing task for further work is to capture
a second sighting of S1 with JWST. Figure 19 identi-
fies an excellent opportunity in August 2026 to recover
S1 based on the family of stable S1 + C1 orbits consis-
tent with non-detections described in §4. Around this
date, the separation exceeds ⇠100 and the predicted lo-
cation is clear of the 4QPM boundaries. There is an
urgency to this given the rapid approach of ↵ Cen A
to the known background star denoted KS5 (Kervella et
al. 2016). Between mid-2027 and mid-2028, the two will
be within 300 of one another. We note here that if S1
is unrelated to C1, then the orbits are much less con-
strained and there is significant uncertainty in its posi-
tion at any given observation date. Additionally, there
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Telescope V3PA = 117.5�

Figure 19. A prediction for the location of S1 based on the family of dynamically stable orbits for S1 + C1 consistent with
the non-detections in 2025 suggests that S1 will be well-positioned for recovery in August 2026. Left: predicted position in
sky coordinates. The approximate orientation of the 4QPM transition boundaries at the selected example observation date is
shown as a shaded region. The dashed circle marks 0.0075 separation. Right: Histogram of the predicted separation of S1 in
August 2026 for the two orbital semi-major axis families. A dashed line marks 0.0075 separation. The a < 2 au orbits constitute
a greater fraction of the total number of orbits and are also favored based on photometric modeling in §5.

are numerous opportunities to follow-up the detection
of the candidate exoplanet for further characterization
with upcoming and future facilities:

• The clear photospheric model has higher flux be-
tween 4–5 µm (Figure 15) compared to the non-
adiabatic and cloudy models (Figure 13). NIR-
Cam coronagraphy could serve as a powerful diag-
nostic tool for the di↵erent models presented.

• The coronagraphic instrument on the Nancy Ro-
man Space Telescope has a mask specifically de-
signed to work in the presence of a binary star
system (Bendek et al. 2021) and could be used
to detect reflected visible light from a gas giant
around 1–2 au.

• The METIS instrument on the European Ex-
tremely Large Telescope (EELT) should be capa-
ble of spectroscopic observations of the S1 candi-
date (Birkby & Parker 2024) and could even look
for radial velocity shifts in the motion of the planet
due to the presence of an exomoon.

• Direct mass measurements should be possible with
additional RV monitoring and with di↵erential as-
trometry at millimeter wavelengths with ALMA
(Akeson et al. 2021), or at visible wavelengths
with the proposed Toliman (Tuthill et al. 2018) or
SHERA (J. Christiansen, private comm.) space
telescopes.

• Finally, the proposed Habitable Worlds Obser-
vatory (HWO) could, if equipped with appro-
priate binary star rejection capabilities, search
for terrestrial-sized planets which might be found
within the ↵ Cen A system despite the pessimistic
concerns about the stability of orbits exterior to
0.4 au (§6.1.2).

7. CONCLUSIONS

We conducted JWST/MIRI F1550C coronagraphic
imaging observations of the nearest solar-type star,
↵ Centauri A, over three epochs between August 2024
and April 2025 to directly resolve ↵ Cen A’s habitable
zone and perform a deep search for planets and exozo-
diacal disk emission. The key results from our program
are summarized below.
Detection of a candidate gas giant exoplanet in

orbit around our nearest Sun-like star, ↵ Cen A.
We detected a point source (S1) in the August 2024
epoch of JWST/MIRI 15.5 µm coronagraphic imaging.
Detailed analysis, including various tests, presented in
Paper II (Sanghi & Beichman et al. 2025) show that the
source is unlikely to be a detector or speckle artifact.
We definitively show that S1 is neither a foreground nor
a background object. However, with only a single sight-
ing by JWST, the candidate cannot be unambiguously
confirmed as a bona fide planet.
Deep upper limits on an exozodiacal disk

around ↵ Cen A. These observations have set strin-
gent upper bounds on the presence of extended “exo-
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zodiacal” dust disk in the habitable zone of ↵ Cen A.
A limit of < 5–8⇥ the dust level within our own zo-
diacal cloud (for a disk coplanar with the ↵ Cen AB
orbit) is a factor of &10 more sensitive than those set
by either photometric or interferometric methods toward
more distant stars. Simulations show that for a planet
with the candidate’s properties, it is unlikely that a de-
bris disk could remain stable and survive the planet’s
dynamical influence unless located within 0.4 au of the
star.
Orbital properties of the ↵ Cen A planet can-

didate. By linking the sighting of JWST/MIRI S1 to
another candidate, C1, detected by the VLT/NEAR ex-
periment in 2019, we found a set of dynamically stable
orbits. 52% of the stable orbits were consistent with
a non-detection of the planet candidate in the Febru-
ary and April 2025 epochs, indicating that it was likely
missed in both follow-up observations due to orbital mo-
tion. The S1+C1 candidate is in a highly inclined (⇡50�

or ⇡130� with respect to the ↵ Cen AB binary orbital
plane) and eccentric (⇠ 0.4) orbit, not unlike other S-
type planets in close binary systems (e.g., HD 196885 Ab
and � Cep Ab), and is expected to undergo large ampli-
tude von Zeipel-Kozai-Lidov (vZKL) oscillations.
Physical properties of the ↵ Cen A planet can-

didate. S1+C1’s e↵ective temperature is set by heating
from ↵ Cen A and is expected to be ⇠225 K based on
the candidate’s orbital properties. We found plausible
atmospheric model solutions to the S1+C1 photometry
for a planet radius between ⇡1.1–1.15 RJup and mass
between 90–150 M� (consistent with RV limits). Al-
ternatively, we showed that a simplified optically thick
ring with a cross-section equivalent to half of Saturn’s
ring could increase the mid-infrared flux of a smaller
(⇠ 1 RJup) planet to explain the estimated photometry.
Importance of a confirmed planet around

↵ Cen A. A confirmation of the S1 candidate as a
gas giant planet orbiting our closest solar-type star,
↵ Cen A, would present an exciting new opportunity for
exoplanet research. Such an object would be the nearest
(1.33 pc), coldest (⇠225 K), oldest (⇠5 Gyr), shortest
period (⇠2–3 years), and lowest mass (. 200 M�) planet
imaged in orbit around a solar-type star, to date. Its ex-
tremely cold temperature would make it more analogous
to our own gas giant planets and an important target for
atmospheric characterization studies. Its very existence
would challenge our understanding of the formation and
subsequent dynamical evolution of planets in complex
hierarchical systems. Future observations will confirm or
reject its existence and then refine its mass and orbital
properties, while multi-filter photometric and, eventu-

ally, spectroscopic observations will probe its physical
nature.
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APPENDIX

A. DETAILS OF THE OBSERVATION STRATEGY

A.1. Reference Star Selection

For stars as bright as ↵ Cen A ([F1550C] =
�1.51 mag), the selection of reference stars is limited.
The IRAS Low Resolution Spectrometer (LRS) Catalog
(Olnon et al. 1986) was used to identify potential refer-
ence stars: F⌫(12 µm) > 50 Jy within 20� of ↵ Cen A,
clean Rayleigh-Jeans photospheric emission, constant
ratio (<10%) of LRS brightness (F↵ Cen A/Fstar) across
the F1550C band, a low probability of variability during

the 300 day IRAS mission (VAR < 15%), and no bright
companions within 10000. These criteria resulted in the
selection of ✏ Mus ([F1550C] = �1.3 mag), a long period
variable star located 17� away on the sky with a K band
variability .0.5 mag (Murakami et al. 2007; Tabur et al.
2009). The ratio of the LRS spectra of the (unresolved)
↵ Cen AB system to these stars is constant across the
F1550C bandpass to < 1% which means that the e↵ects

https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://www.cosmos.esa.int/web/gaia/dpac/consortium
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Table A1. Position of ↵ Cen A at JWST Observation Epochs

R.A. R.A.a Decl. Decl.b

Date JD (deg) (sec) (deg) (00)

8/10/2024 2460750.363 219.84748601 (23.3967) �60.83161739 (53.8226)

2/20/2025 2460727.234 219.8472157 (23.3318) �60.8317325 (54.2370)

4/25/2025 2460790.995 219.8464966 (23.1592) �60.83177278 (54.3820)

4/25/2025 2460791.2344 219.8464935 (23.1584) �60.8317725 (54.3813)

Note—aRelative to ↵ = 14h 39m. bRelative to � = �60� 490. Positions incorporate
proper motion and parallax as seen from vantage point of JWST.

of wavelength mismatches in the reference star subtrac-
tion will be negligible.

A.2. Target Acquisition

A.2.1. Astrometry of ↵ Cen and ✏ Mus

The ↵ Cen AB system has a parallax of 750 mas and
an annual proper motion of (�3640, +700) mas yr�1,
which corresponds to a mean motion of ⇠10 mas/day.
The description of the procedures leading to the de-
tailed ephemeris used for the observations are provided
in Akeson et al. (2021). As described in Appendix B,
the ephemeris is based on a combination of absolute as-
trometry from Hipparcos and ALMA. Radial velocity
observations of both ↵ Cen A and ↵ Cen B help deter-
mine the motions of ↵ Cen AB in their 80 year orbit.
The ephemeris was calculated on an hour-by-hour ba-
sis, including the e↵ects of parallax as observed from
the vantage point of JWST’s L2 orbit (Figure A1). The
location of JWST at L2, an additional 1.5 million km
from Earth, increases the parallactic e↵ect by 1% or 7.5
mas, but in a non-intuitive manner due to JWST’s mo-
tion at L2 (Figure A2). This e↵ect is not negligible com-
pared to the ✓LD = 8.5 mas angular diameter of ↵ Cen A
(Kervella et al. 2017) and the centering accuracy require-
ment (⇠10 mas) for best performance behind the MIRI
coronagraphic mask (Boccaletti et al. 2022).

The precise location of JWST at the epoch of these
observations was obtained from the JPL Horizons web-
site9. The combination of visible data and two epochs of
ALMA data (2018/2019 from Akeson et al. 2021) and
the 2023 ALMA DDT observations (described in Ap-
pendix B.1) for ↵ Cen AB yields a precision of ⇠2 mas
in the predicted position of ↵ Cen A (Figure A2 and
Table A1). Taking into account the astrometric preci-
sion of the Gaia stars and of ↵ Cen itself, we estimate
that the overall astrometric precision of the blind o↵-
set between the o↵set stars and the two targets, ✏ Mus

9 https://ssd.jpl.nasa.gov/horizons/app.html/
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Figure A1. The change in the position of ↵ Cen A relative
to 2024-Jan-1 (�↵ = 0, �� = 0) computed using proper
motion and parallax as seen from JWST’s L2 vantage point.
Markers denote 10-day intervals and days of the year. As a
reference, the red star denotes the date of the August 2024
JWST observations (first epoch). The inset plot zooms-in
near the August 2024 observation date with markers spaced
in 5-day intervals. Details of the astrometry for ↵ Cen are
given in Appendix B and in Akeson et al. (2021).

and ↵ Cen A, will be ⇠2.5 mas (1�), to which must
be added the ⇠5–7 mas (1�, one axis) o↵setting preci-
sion of JWST itself10. Astrometry for ✏ Mus, its asso-
ciated Gaia o↵set star, and ↵ Cen A’s associated Gaia
o↵set star was obtained from the Gaia DR3 catalog (Ta-
ble A2). The e↵ects of the proper motion and parallax
values were taken into account but were relatively minor
compared to those for ↵ Cen A.

In planning the observational sequences in APT, we
specified the exact V3 rotation angles (with a precision
of 0.001�) for each observation and used that informa-
tion to derive the shift from the Gaia o↵set star to either
↵ Cen A or ✏ Mus in instrument (x, y) coordinates. For
↵ Cen A, these calculations used the position of ↵ Cen A

10 https://jwst-docs.stsci.edu/jwst-observatory-characteristics/
jwst-pointing-performance

https://ssd.jpl.nasa.gov/horizons/app.html/
https://jwst-docs.stsci.edu/jwst-observatory-characteristics/jwst-pointing-performance
https://jwst-docs.stsci.edu/jwst-observatory-characteristics/jwst-pointing-performance
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Figure A2. Left: Orbit of ↵ Cen B relative to ↵ Cen A showing one epoch of Hipparcos and two epochs of ALMA data.
Center: zoom-in showing the ALMA data. Top right: The di↵erence between the parallax e↵ect as seen from Earth and from
JWST at L2. Bottom right: The uncertainty in position of ↵ Cen as a function of year before and after the addition of the new
2023 ALMA observations.

(including proper motion, parallax and other smaller ef-
fects; Akeson et al. 2021) at the expected midpoint of
the observation based on a detailed timeline of each ob-
servation (Table A3). The small amount of smearing
during the 2.8 hr duration of each ↵ Cen A observation
(<2 mas) was deemed acceptable compared to the com-
plexity of designating ↵ Cen A as a moving target. The
conversion of the o↵set in (�↵, ��) to instrument (x, y)
was calculated for the exact epoch of observation and
desired V3 angle using a model of the MIRI focal plane
using STScI’s pysiaf routine11.

A.2.2. O↵set Star Selection and Validation

The o↵set stars used for Target Acquisition were
drawn from the Gaia DR3 catalog and had to have a
mid-IR brightness suitable for easy measurement in a
short TA observation. A preliminary search of DR3 re-
vealed 92 targets within 6000 of ↵ Cen A and 24 within
3000 of ✏ Mus. Cuts in magnitude (G < 16 mag) and the
requirement that each star have a quoted parallax and
proper motion measurement reduced the number to a
handful for each source. However, the proximity of both

11 https://github.com/spacetelescope/pysiaf

↵ Cen and ✏ Mus to the Galactic Plane (b = �0.67� and
�5.30�, respectively) means that the e↵ects of extinc-
tion can make predictions of mid-IR brightness highly
uncertain. For this reason, we scheduled test observa-
tions of both ↵ Cen and ✏ Mus in the MIRI TA filter
(F1000W) without any associated coronagraphic obser-
vations. These were executed in June 2023. Figure 1
shows images of ↵ Cen and ✏ Mus. Simulations us-
ing STPSF were developed to assess the influence of the
bright target stars (↵ Cen A, ↵ Cen B, and ✏ Mus) to
ensure that di↵raction e↵ects would not a↵ect the de-
tectability of the much fainter Gaia stars in the TA pro-
cedure. The star denoted G0 was suitable for both of
the V3 roll angles selected for August 2024 and Febru-
ary 2025 (Table A2). The star denoted G5 was used for
April 2025. A single star (G9) was suitable for use with
✏ Mus at its V3 angle of observation in all three epochs.

A.3. Minimizing E↵ects of Telescope Slews

The ability to detect faint companions is dominated
by the stability of the wavefront of the JWST tele-
scope and the accurate placement of the star behind
the coronagraphic mask. Pre-launch expectations were
that there would be slow-varying wavefront error (WFE)

https://github.com/spacetelescope/pysiaf
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Figure A3. Change in the solar elongation angle between
↵ Cen and ✏ Mus as a function of the day of year. The
red, blue, and green dashed vertical lines correspond to the
observation dates in August 2024, February 2025, and April
2025 (respectively).

drifts ⇠10 nm depending on changes in solar elongation
(and thus in the telescope’s thermal balance) and due
to stresses from internal structures such as the “frill”
surrounding the primary mirror (Perrin et al. 2018).
On-orbit performance proved to be significantly better
than pre-launch estimates, particularly as the telescope
assembly continued to stabilize thermally, with drifts
as low as ⇠2–5 nm as measured using semi-daily WFE
monitoring observations (Rigby et al. 2023; Lajoie et al.
2023). One factor in selecting the requested observing
window was minimizing the change in solar elongation
angle between ↵ Cen and ✏ Mus. The final scheduled
dates in August 2024, February 2025, and April 2025
resulted in changes in the absolute value of solar an-
gle . 10� (Figure A3). To mitigate further the e↵ects of
wavefront drift, we bracketed observations of ↵ Cen with
observations of ✏ Mus. This choice provided redundancy
against any failure during guide star and target acquisi-
tion by the telescope and thus would still leave one valid
PSF reference star observation. Indeed, this proved to
be important for the August 2024 observations where
one ✏ Mus reference observation failed.

A.4. Mitigating the E↵ects of ↵ Cen B

We initially considered strategies either using ↵ Cen B
as a reference star for ↵ Cen A or placing ↵ Cen B along
the quadrant boundaries of the 4QPM to suppress its
starlight. Both strategies had significant disadvantages.
In the former case, the brighter star ↵ Cen A would be
unocculted on the detector in the reference images. In
the latter case, very few opportunities were available to
schedule observations in the desired configuration. Fur-
thermore, small errors in the position of ↵ Cen B along

the boundaries would lead to substantial stellar leakage
and changes in the PSF. Our pre-launch simulations and
current data analysis demonstrated that the influence of
↵ Cen B at 700–900 separation is su�ciently large in the
100–200 region around ↵ Cen A that it is necessary to
subtract the image obtained by placing ✏ Mus, unoc-
culted but through the F1550C mask, at the same o↵set
of ↵ Cen B relative to ↵ Cen A to provide an o↵-axis
PSF reference. Analysis with the test observations ob-
tained in July 2024 showed that the use of STPSF models
was inadequate to remove speckles from ↵ Cen B at the
required level.

A.5. Mitigation of MIRI Background: The “Glow
Sticks”

Following practice recommended by STScI to mitigate
the e↵ects of the “Glow Stick” phenomenon (excess tele-
scope background scattered o↵ of telescope structure;
Boccaletti et al. 2022; Carter et al. 2023), we included
MIRI background observations in exactly the same de-
tector and instrument setup as the on-target observa-
tions for both ✏ Mus and ↵ Cen. These background
observations were placed in positions which appeared
relatively blank in Spitzer or WISE images. Each back-
ground field was observed twice for each object (Ta-
ble A3) with 500 shifts in the center position to help
mitigate the e↵ects of sources in the fields.

B. ASTROMETRY OF THE ↵ CEN SYSTEM

Determining the astrometric properties of the ↵ Cen
system is complex due to the proximity of ↵ Cen to
Earth and the orbits of the two stars around their com-
mon center of mass. High precision visible light ob-
servations are scarce due to the brightness of the two
stars relative to much fainter reference stars. Akeson
et al. (2021) made millimeter-wavelength observations
of ↵ Cen AB using the ALMA array. At these wave-
lengths, the two stars are bright enough to yield high
SNR data with milli-arcsec precision in ⇠ an hour of
observing time with absolute positions on the ICRF ref-
erence frame. The ALMA observations are described in
§B.1 and the astrometric information used for the JWST
observations in §B.2.

B.1. New ALMA Astrometry of ↵ Cen AB

The positions of ↵ Cen A and ↵ Cen B were observed
with ALMA between 2018 Oct 14 and 2019 Aug 26 us-
ing about 40 25-m antennas as described in detail in
Akeson et al. (2021) and summarized here. The average
observing frequency was 343.5 GHz, but the ALMA con-
figurations varied and produced a resolution of 140, 33,
28, 62, and 62 mas for the five observing blocks. Each
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Table B1. New ALMA Astrometry

Date Start Time Star R.A. Decl.

(UT hours)

01 June 2023 02:35 A 219.864944115� (±3 mas) �60.848591790� (±3 mas)

B 219.865261605� (±4 mas) �60.846446520� (±4 mas)

A�B �0.005935 ± 0.000004 �7.006756 ± 0.000005

17 June 2023 01:55 A 219.850279410� (±1 mas) �60.831926083� (±1 mas)

B 219.850610280� (±1 mas) �60.829773243� (±1 mas)

A�B �0.005806 ± 0.000005 �7.007502 ± 0.000005

26 June 2023 00:59 A 219.850180635� (±0.8 mas) �60.831902697� (±1.1 mas)

B 219.850518885� (±1.2 mas) �60.829745590� (±1.2 mas)

A�B �0.005715 ± 0.000020 �7.007234 ± 0.000020

block was about 80 min long and consisted of about 120
scans of which 15% included calibration sources. The
pointing center of each experiment was located near the
expected barycenter of the A and B stars to minimize
errors caused by small antenna pointing o↵sets. The
↵ Cen AB positions were determined using the phase
referencing technique with the nearby quasar, J1452-
6502, with an ICRF position accuracy <0.5 mas. This
uncertainty produced the main limit to the absolute ra-
dio position of the AB system. However, the separation
of the A and B stars do not depend on the quasar po-
sition accuracy and some of the atmospheric position
jitter between the A and B stars also canceled. Further
details of the reduction, imaging and multi-calibrator
checks to the astrometric accuracy are given in Akeson
et al. (2021).

New observations were obtained through an accepted
ALMA DDT proposal on 2023 June 1, 17 and 26 (DDT
proposal 2022.A.00017.S). The data were taken in Band
7 (343.5 GHz) with the correlator configured for max-
imum broadband sensitivity. The 2023 positions are
listed in Table B1 and were derived from pipeline-
processed data using additional analysis to determine
the internal position uncertainties. Due to the large
proper motion of ↵ Cen, roughly 10 mas/day on av-
erage, the phase center tracking has a significant impact
on the measured positions. For the 2023 June 1 observa-
tions, the ↵ Cen A position was tracked with time, while
for the 2023 June 17 and 26 observations, the phase cen-
ter was located near ↵ Cen A, but was not tracked with
time.

The main improvement from the previous ALMA ob-
servations (Akeson et al. 2021) is the measurement of in-
ternal position errors. These were estimated by splitting
each 50-min experiment into three independent parts

and then determining the mean stellar position and the
error from the scatter among the three parts. The slight
stellar motion during an hour observation (0.4 mas) is
much less than that caused by the typical temporal “at-
mospheric” variations. For the 2023 June 17 and 26
observations, where the phase center was located near
↵ Cen A, but was not tracked with time, the ↵ Cen A
and ↵ Cen B 1-sigma position errors are about 1.5
mas. For the 2023 June 1 observation, during which the
↵ Cen A position was phased tracked, the location of
the absolute frame of the images is uncertain, resulting
in a larger absolute position error estimate (Table B1).

The absolute star positions in the DDT observations
are tied to the phase calibrator (J1408-5712) whose ab-
solute position is measured by global VLBI observations.
Its absolute position has an uncertainty of about 1.5
mas which is, unfortunately, relatively large for an ICRF
source since it has not been observed very often. The
calibrator is located only 5.4� away from ↵ Cen and is
the closest of the brighter available calibrators. If the
J1408-5712 position error and the ↵ Cen A internal po-
sition errors are combined, then the ICRF absolute po-
sition errors should be no larger than 2 mas in R.A. and
in Decl.

The separation of ↵ Cen A and ↵ Cen B was also ob-
tained for these observations, again by splitting up each
50-min experiment into three parts. The estimated sep-
aration error is less than 1 mas for the 2023 June 17 and
26 observations because much of the error that a↵ect the
absolute position of A and B cancels when calculating
the stellar position di↵erence. The accuracy is mostly
signal-to-noise limited. Since the A–B separation for
the 2023 June 1 observation does not depend on the
somewhat uncertain definition of the absolute coordi-
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Table B2. Astrometry of ↵ Cen A and ↵ Cen B (2024–2027)

Julian Year Time R.A. (↵ Cen A) Decl. (↵ Cen A) R.A. (↵ Cen B) Decl. (↵ Cen B) ⇢(A!B) ✓(A!B)

(J2000, deg) (J2000, deg) (J2000, deg) (J2000, deg) (arcsec) (deg, North = 0)

2024.0000000 2024-01-01T12:00:00.000 219.84969992 �60.83174299 219.85019709 �60.82949888 8.1258 6.1630

2024.0027379 2024-01-02T12:00:00.000 219.84969758 �60.83174528 219.85019558 �60.82950072 8.1275 6.1721

2024.0054757 2024-01-03T12:00:00.000 219.84969512 �60.83174758 219.85019396 �60.82950258 8.1293 6.1812

2024.0082136 2024-01-04T12:00:00.000 219.84969256 �60.83174989 219.85019224 �60.82950444 8.1310 6.1903

2024.0109514 2024-01-05T12:00:00.000 219.84968989 �60.83175221 219.85019041 �60.82950632 8.1328 6.1994

Note—The coordinates are apparent coordinates from the location of JWST. The astrometry is available at 10.5281/zenodo.16280658.

nate grid, its accuracy is only a bit larger than the two
later observations.

B.2. Astrometry of ↵ Cen A, ↵ Cen B and ↵ Cen AB

The analysis method for determining the astrometric
properties of the ↵ Cen AB system using the combined
visible and ALMA data is described in Akeson et al.
(2021). The updated orbit is visualized in Figure A2.
Accurate knowledge of the position of ↵ Cen A depends
on accounting for the location of JWST at L2. The
di↵erences in the parallactic motion between the two
observing sites, Earth and L2 is ⇠ ±5 mas (Figure A2).
Finally, we note that the addition of the ALMA DDT

observations reduced the uncertainty in the positions of
↵ Cen A from ⇠5–6 mas to ⇠2 mas through 2028 (Fig-
ure A2). A detailed analysis of the orbit of ↵ Cen AB,
including all ALMA epochs and new HARPS radial ve-
locity data will be presented in a forthcoming paper
(Kervella et al., in prep).

Table B2 lists the position of ↵ Cen A and ↵ Cen B
as seen from JWST’s location (which is obtained from
the HORIZONS database12) and lists the relative po-
sitions of ↵ Cen A and ↵ Cen B, which were used in
positioning the reference star ✏ Mus at the position of
↵ Cen B to mitigate the speckles from the unocculted
star. The first few entries of the full ephemeris are dis-
played and the complete table is available in electronic
form at 10.5281/zenodo.16280658.
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