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Debris disks — left over from planetary

formation, late heavy bombardment period

(LHB)

e 20% of MS systems are thought to
harbor DD (Trilling et al. 2008, Carpenter et al. 2009, Eiroa et al. 2013)
Space missions: IRAS, HST, ISO, Spitzer,

Herschel
Far-IR excess, Sub-mm imaging, Visible
imaging

Exozodiacal analogs
Tenuous but huge in surface area

Grains < 1-100 um in diameter
Debris from comets, asteroids,
collisions and outgassing
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NIR results - large populations of hot small grains close in to

nearby MS stars

* Possibly Mg-rich forsterite (peridot, Mg,SiO,) (Lisse 2015, Su 2015)
* Sub-micron grains should be short lived in this region (Wyatt 2008)

Trapped or replenished by catastrophes - different
timescale for each mechanism

Highly variable on short time-scales due to short orbital
period

* Meng et al. (2014) reports quasi-periodic (P=70 days) disk flux modulation in MIR spectra

* Giant impact resulted in a thick cloud of silicate spherules that were then ground into dust
‘panel’ by collisions

* Mass loss rate = 180 km diameter asteroid every < 10 yrs,
* Not uncommon, 4 other similar systems
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Other explanations?

Could excess not be due to dust/disk?

— Point sources |: RV & astrometry stable

— Point sources Il: companion of 350 to 1000 mas separation

cannot be ruled out et 200
* PFN limits excess to either very close or far from star
* Follow up with Speckle

— Point sources lll: field star ruled out by other IR surveys
(2MASS, etc), 1:500,000 chance

— Stellar Winds:

« weak for A stars
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First statistics based on 42 stars Absil et al. (2013)
observed with CHARA/FLUOR

28% overall

11% overall 28% of nearby MS A-K type stars
show NIR interferometric exozodis

Ertel et al. (2014)




Absil data, new DRS

JouFLU
poor data
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JouFLU var

JouFLU var,
2 baselines
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Dust production mechanism poorly understood

_ e Close-in dust extremely short lived (yrs)
Evolution / e Destruction factors:

Va r|ab| I |ty — Sublimation, Radiation Pressure, PR drag
e Models:

— Steady state/trapped nano-grains
— LHB & outgassing

Wyatt et al. (2008)

Dust

Disk Photosphere

Technique:

Incoherent flux

Visibility deficit on all baselines
Easiest to detect at short baselines

Need <1% precision
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The story unfolds...

: 2001: Hints of an excess around Vega with PTI. (Ciardi et al. 2001)

- 2004: VLTI/VINCI, upper limits, developed detection method. (di Foico et al. 2004)
2006: CHARA/FLUOR detection around Vega, 1:29 0:19% (absil et al. 2006)
2007: FLUOR, del Eri (no detection) & tau Ceti (detection) (i Foico et al. 2007)
2008: 5 non-detections & alf Agl (Absil et al. 2008b)

2009: bet Leo & eta Lep detections (Akeson et al. 2009)

2009: VLTI/VINCI, Fomalhaut (absil et al. 2009)

2011: IOTA/IONIC detection around Vega (pefrere et al. 2011)

2011: Palomar Fiber Nuller (PFN) non-detection of Vega (vennesson et al. 2011a)
2011: Coronagraphs see predicted companions (vawet et al. 2011)

2011-12: First spectroscopic detections of very hot excesses (Lisse et al. 2012;
Weinberger et al. 2011)

2012: VLTI/PIONIER detection around iot Pic (pefrere et al. 2012a)

" 2013: CHARA initial survey of 40+ single MS stars says it is fairly common (11/40)
(Absil et al. 2013)

2014: VLTI/PIONIER survey, larger VLTI dispersed H-band survey (9/85) (Ertel et al.
2014)

13
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Exozodi Programs

Near Infrared Exozodi Variability Study (complete) Revisit 12 of the bright
A-K stars with previously detected excesses from the Absil et al. 42 star
FLUOR survey.

Near Infrared Exozodi Survey Extension (in progress) 3 year program
observing =100 MS A-K stars. Hot dust expected in 30% of systems. Goal is
1% excess detection at 50 to m, < 5.

IRTF/SpeX Spectrophotometric Survey (in progress) Provide confirmation
of dust from NIR excesses, obtain spectra, and develop survey campaign.

Monitoring of Known Variable Exozodiacal Disks (proposed) Revisit three
stars from the Exozodiacal Variability survey that exhibit a strong near
infrared excess. These stars will be observed at three points during the
season.

Exozodi confirmation (proposed) Utilize Speckle interferometry to confirm
hosts of exozodis are point sources. Rule out stellar companion from 50
mas to 1+”.




CHARA 2016: Adaptive Optics and Perspectives on Visible Interferometry

Survey Extension

38% show excess

Scott et al. Exozodiacal Survey Extension (in prep)
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Can we be sure’ of Exozodi Variability?

Is the instrument stable?
Check diameters independently
Is the DRS consistent?

Reduce old data with new pipeline

Boyaijian et al. (2012)

0.958 +£0.015  x* =1.07 0.991 + 0.028

Konag = 3.24

¢ =1.09




Original survey results



Original survey results |
New DRS rapid rotator:

alpha Aql



Survey revisited

Previous error bars
underestimated, excess
significance overestimated

Threshold for detection changed
to 1% instead of 0.5%

Excesses no longer considered
significant: eta Lep, bet Leo, ksi
Boo, 110 Her, alf Cep

New excesses: ups And, gam Ser

Two excesses remains
unchanged: zet Aqgl, Vega

Two non-detections remain
unchanged: gam Oph, sig Dra

Two excesses increased: kap CrB,
alf Aql

2014 E1/E2,
2015 S1/S2:
alpha Cep



Exozodical disk Variability results

79% vs 36%

Scott et al. The Variability of Exozodiacal Dust (in prep)



TeRMINALS: ThiRty Meter INterferometer Array for exozodiacal duSt

» 3+ 0.2-0.5m commercial scopes

* Rail-mounted — variable baselines

+ Off-the-shelf, low-cost priority

» Open air or fiber-based combination

* Y-config would need patch cord
delay+OPLE

 Linear array wouldn’t need delay

 NSF or NASA proposal?
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INn summary......
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Disk architecture

* Need very high precision at
very short baselines

* Regime between long-baseline
interferometry and aperture-
masking

* Time consuming

* How to reveal morphology of
disk and how dust is changing?

Defrere et al. (2011)




Variability Survey Log



Survey
Extension
Results

HD Object Obs date Baseline  Number of
data points
5448 37 And 8/13/2015, 8/14/2015 S1-S2 5
14055 ~ Tri 10/11/2013, 10/14/2013 E1-E2 12
15335 13 Tri 10/16/2013, 10/19/2013 E1-E2 7
19373 « Per 10/13/2014 S1-S2 8
20630 ~01 Cet 10/17/2013, 10/18/2013 E1-E2 7
23249 4 Eri 10/11/2013, 10/14/2013 E1-E2 11
26965A 40 Eri 10/13/2014 S1-S2 8
28355 b Tau 10/12/2013, 10/18/2013 E1-E2 11
34411 A Aur 10/16/2013, 10/17/2013 E1-E2 12
87901 « Leo 11/10/2014 S1-S2 6
162003A /01 Dra A 7/23/2014 E1-E2 6
164259 ( Ser 6/15/2015 E1-E2 10
165777 72 Oph 6/19/2015, 6/20/2015 E1-E2 12
168151 36 Dra 7/23/2014 E1-E2 6
182572 b Ad 7/23/2014, 6/15/2015, E1-E2 6
6/20/2015
182640 o Aqgl 10/13/2014 S1-82 8 5.1384+0460 1.837 11.2
184006 .« Cyg 6/20/2015 E1-E2 6 -0.5394+0.875 1581 -0.6
187691A o Adq| 6/20/2015 E1-E2 8 1171 +£1.870 0478 0.6
190360 LHS 3510 10/16/2013, 10/19/2013 E1-E2 8 -0.012+0.540 1.457 0.0
202444 71 Cyg 11/12/2014 S1-S2 5 2.833+1.350 3.439 2.1
210418 ¢ Peg 10/12/2013, 10/14/2013 E1-E2 8 1.727+0520 2879 3.3
213558 « Lac 10/11/2013, 10/12/2013 E1-E2 11 11724+ 0.860 0428 -1.4
215648 LHS 3851 8/13/2015 S1-S2 10 0.269 + 0.420 3.701 0.6
217014 51 Peg 10/16/2013, 10/19/2013 E1-E2 9 -0.032+0.760 0.624 0.0
219134 HR 8832  10/13/2014 S1-S2 8 058240540 1.614 1.1
222368 .+ Sc 10/17/2013, 10/18/2013 E1-E2 8 1360+0.275 1.549 49




