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a Cen System Overview
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Distance: 1.3pc
Age: ~4.5 – 7 Gy
AB Period: 79.91y
AB SMA: 17.57 AU



Habitable Zones of aCen AB 

l Both HZs are fully accessible with a 0.4” (0.5AU) inner working angle (IWA)
l Orbits are stable out to ~ 2.5 AU (Holman & Wiegert 1999, Quarles and Lissauer 2016)
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Image by Billy Quarles

see Quarles and Lissauer 2016
for aCen stability
https://arx iv.org/abs/1604.04917



Effects of binarity on planet occurrence
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a Cen AB
Kraus et al. 2016

l Kepler space telescope has detected 

planets around binaries (with 

separations comparable to Alpha 

Centauri)

l Kraus et al. 2016 suggests planet 

formation around binaries with SMA < 

47#$%&'(
is suppressed by a factor of 

0.34#,.-'&,.-.

l However, Matson et al. 2018 “do not 

see evidence of companion 

suppression”



m sin(i) limits from RV non-detections
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Zhao et al. 2018

l Limits for habitable zone (p-value = 0.01)

l 53 M_Earth (0.17M_Jup) for aCen A

l 8.4 M_Earth (0.026M_Jup) for aCen B

l (For reference, Neptune mass: ~17 Earths)



Do RV mass constraints impose a strong radius constraint?
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Batygin & Stevenson (2013). Mass-Radius 
relationship for a low-mass, gas-dominated 

planetary model (for a 5
MEarth core). 

Fortney et al. 2007.

8 M_Earth planets at 1AU can still have radius comparable to Jupiter



What do we know about aCen exozodi?
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Summary of GPI aCen observations
l 3/12/2018

l GPI Wollaston (polarization mode), Y-band
l Alpha Centauri B
l 2:40 minutes of science (38 minutes of open shutter)

l 4/09/2018
l GPI Wollaston (polarization mode), Y-band
l Alpha Centauri B
l 1:51 minutes of science (22 minutes of open shutter)

l 5/20/2018
l GPI Coronagraph (Spectroscopy mode), Y-band
l Alpha Centauri A
l 1:10 minutes of science (17 minutes of open shutter)
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Polarization mode raw images
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Polarimetry with GPI

θHWP = 0

θHWP = 22.5

θHWP = 45

θHWP = 67.5

}

I+

I-

U QI = Linear polarization



Reduced Polarization Intensity Contrast Images
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Polarization mode contrast curves (aCen B)
(analysis by Max Millar-Blanchaer)
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l Deepest contrast GPI achieved in 
pol mode

l Not yet sensitive to R_Jup planets, 
but can rule out very bright rings

l Contrast comparable to photon 
noise, which suggests we can go 
deeper by
l Improving open shutter duty cycle
l Longer observations

l Caveats:
l Instrument curves at separations < 1” 

may not be accurate because of 
partial saturation

l Planet models are based in part on 
Cahoy et al. 2010, but smaller 
separations are extrapolations and are 
possibly optimistic

l 30% may be a bit optimistic



Spectroscopy mode raw images (aCen A)
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Raw image Saturation highlighted Processed



Spectroscopy mode analysis (aCen A)
(analysis by J-B Ruffio)
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Conclusions
l Alpha Centauri is a particularly attractive target for direct imaging, 

and represents a possibility (albeit optimistic) of detecting 
exoplanets by reflected light with the current generation of high 
contrast imaging instruments

l GPI has achieved:
l deepest pol-mode contrast to date: ~1-2e-8 between ~1 and ~1.4”, which 

corresponds to the vicinity around 1.5AU on Alpha Centauri B.
l ~2e-7 contrast (spectroscopy mode) at 1.4” around Alpha Centauri A.

l Can rule out planets with very bright rings, but not yet Jupiter radius 
planets. However, sensitivity on pol mode appears to be limited by 
photon noise, so longer exposure times or better exposure duty 
cycle can reach deeper



BACKUP SLIDES
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Matched-Filter

Cross-correlation

Matched Filter Concept



Planet Forward Model (cf. Pueyo 2016)

Original Model Forward Model
Speckle 

Subtracted 
Data

Horizontal Cut

• 20141218 c Eri dataset
• 0.4’’ separation
• T-type
• SNR≈10

Star



The Forward Model Matched Filter yields a better SNR.
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