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The a Centauri AB System
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The Ultimate Goal: Search for Life

> The Habitable Worlds Observatory*

- Venus # 8
' ~ » Earth

NASA GSFC/Conceptual Image
Labs

LUVOIR Report
(2019)

3 *Engineering Architecture Concepts



Why a Centauri A?

~10 MIRI pixels
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Injected radius (Rg)

Prior Knowledge about Planets around o Cen A

No confirmed planets

Transit Observations Radial Velocity Observations VLT/NEAR 10-11.25 um Imaging
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Why JWST/MIRI?

K L MIRI F1550C

" JWST/MIRI 50

300 K, 1 Ry,
200 K, 1 Ry
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How do you observe the third brightest star?

The MIRI coronagraph needs to be centered on the
star with an error <10 mas.

Problem 1: @ Cen A is moving at ~10 mas/day (!)
Problem 2: @ Cen A (K = -2 mag) saturates MIRI TA
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Overcoming the Challenge of Target
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Overcoming the Challenge of Target

AGAHIBIEION, . suitably bright in F1000W in the field (June 2023)
Alpha Cen AB Epsilon Muscae (Reference Star)

/




Sequence of Observations: Three Epochs of JWST Imaging

Aug 2024: JNST C1 GO Program #1618 (PIl: Beichman, Co-Pl: Mawet)
Feb 2025: JNST C3 DDT Program #6797 (Pl: Beichman, Co-Pl. Sanghi)
Apr 2025: JNST C3 DDT Program #9252 (PIl: Beichman, Co-Pl. Sanghi)
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James Webb Space Telescope )
(April 2025)

See Sanghi & Be:;l;ll'g:’%gﬁf% %gfg?},mégoﬁld c?%%tgt?;gfact testing, and



Orbital and Physical Properties

(1) Fit Orbits to S1+C1 (2) Select Stable Orbits (3) Find Orbits Consistent with Non-Detections

Flux Sensitivity (mJy) (S/N = 5)
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Orbital and Physical Properties

a=1.6auor21au

9, 9, 9, 9,

Inutua) = 90° or 130°

m 1 (deg)
v % QY G
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Orbital and Physical Properties

Stable S1+ C1+ ND Orbits
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Probability Density
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Orbital and Physical Properties
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Orbital and Physical Properties
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Orbital and Physical Properties

ATMO2020++: Non-Adiabatic Disequilibrium Chemistry Model
Tw= 225 K, [M/H] = +0.5, Mass = 150 Mg, Radius = 1.1 R,

S1

T

4 6 3 10 12 14 16
Wavelength (pum)

Model from Leggett & Tremblin (2023, 2024)
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Orbital and Physical Properties

PICASO Custom Cloudy Model with Disequilibrium Chemistry
Ter= 225 K, [M/H] = +1.0, Mass = 90 Mg, Radius = 1.15 Ry, fsq = 6

S1

4 6 3 10 12 14 16
Wavelength (pum)

Model from Mang et al. (in preparation)
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A Decl. (mas)

What’s next?

Recovery and Confirmation
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Pushing the boundaries - - ->

PSF Subtracted Image

Confirmation of $1 as “a Cen Ab” 2.04
would make it the
o 1.32

* nearest (1.33 pc), g
* coldest (~225 K), f’ 0.0
* oldest (~5 Gyr), a

. <1-1.32
* shortest period (~2 yr),
* lowest mass (<200 Mg) planet 2.64

: g . 2.04 1.32 0.0 -1.32  -2.64
imaged orbiting a Sun-like star to date. A R.A. (arcsec)
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A New Population of Imaged Cold Planets
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Bonus Content



Orbital and Physical Properties

Are the orbits consistent with RV limits (10 = 3 m/s)?

Stable S1 4+ C1+ ND Orbits
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PSF Subtraction Artifact
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Stationary Background Object

s S1 a background object?

Background Trajectory
4 S1 Detection (August 2024)
S1 Background (February 2025)
S1 Background (April 2025)
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Annular PCA-KLIP (Auto)
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Neuhauser et al. (2006), Akeson et al. (2021) , Huang & Ji (2022), Chauvin et al. (20

What is S17
Orbital Properties: Extreme S-type Planetary Architectures

a Cen AB-(S1+C1) v Cep AB-Ab HD 196885 AB-Ab

IRDIS image (K1-band)
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Neuhauser et al. (2006), Akeson et al. (2021) , Huang & Ji (2022), Chauvin et al. (20

What is S17
Orbital Properties: Extreme S-type Planetary Architectures

a Cen AB-(S1+C1) v Cep AB-Ab HD 196885 AB-Ab

IRDIS image (K1-band)
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vZKL Oscillations
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Survival of Other Planets or Dust

109
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Archival Imaging

Av=0 mag
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What is S1?

s S1 a foreground object?

* No sources in the Minor Planet Catalog at position of & Cen A in August 2024.

* Inner Main Belt Asteroid (MBA) must be > 2 km in diameter to emit 3 mJy in F1550C. Probability< 10~* in 5 sq.
arcsec region at & Cen A’s ecliptic latitude (Brooke 2003).

* Detection in individual integrations (2.5 hour sequence) = Not a high proper motion MBA.

LggE N —
] Eclip. Lat. = 0 Annular PCA-KLIP (200 PCs): Frame 1 Only Annular PCA-KLIP (200 PCs): Frame 1250 Only
I . | 2.64 2.64 1
80F * ™, . e - - 150
i B * b o T :
= Rl 1 e % S 1.32 S 1.32
T Kl LA ‘o ch %
o 60 [ Rpd >~ o
W R e
L ’ . 0.0 . 0.0
=, - B, g
40 § & s
9 A -
= <1-1.32 <1 -1.32
<0
I Yol -2.64 -2.64
o) I PR SR A & i~ 264 132 00 -132 -2.64 2.64 132 0.0 -1.32 -2.64
80 90 100 110 120 A R.A. (arcsec) A R.A. (arcsec)
Solar Elongation (deg)

Brooke (2003)
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Unconvolved ABA3 Disk Model (April Roll 2 Coplanar) Convolved ABA3 Disk Model (April Roll 2 Coplanar) April 2025 (ABA3 Coplanar Injected)
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vercoming the Challenge of Target

%g&!ﬁletﬂexn)ffset star based on simulations at the V3 angle of observations
V3PA = 103 degrees (GO0)

V3PA = 110 degrees (GO0)
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g g
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& 00 & 00
> >
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Fluxes are to scale in F1000W.
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