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Towards direct imaging in the habitable zone

Beta-Pictoris b at A = 3.5 um Fomalhaut b at A = 0.6 um

Fomalhaut System Hubble Space Telescope « STIS

D ~8AU, fsep ~ 0.5 D ~ 116 AU, Osep =~ 15"
(Lagrange et al. 2009) (Kalas et al. 2008)
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The Inner Hot Disk of Main Sequence Stars

> 100 AU
~5AU

Cold Debris Disk Hot DrtrjrstJD/is
6 > 100" at 10 pc 0 ~ 0.5" at 10 pc

@ Must be understood to ensure success of future direct imaging
missions
@ Can be used to learn about planet formation
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Resolving the Circumstellar environment
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Resolving the Circumstellar environment

The presence of a resolved cir-
cumstellar disk results in a loss
of fringe contrast (visibility)
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Resolving the Circumstellar environment

The presence of a resolved cir-
cumstellar disk results in a loss
of fringe contrast (visibility)
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Hot Dust With FLUOR
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NIR circumstellar excesses detected so far with CHARA

Inner disk of Vega resolved by CHARA (Absil et al. 2006)

S1-S2 dota
T T T

K band: A =(2.15£0.33) um

Bup = 3217 mos ] ~ 34 m baseline and 0.5" FOV
0.90F - Bun = 3.202 mas + diffuse emission (1.29%) ] = Emission ‘From 0]_ — 78 AU

o Likely hot (T = 300 K) dust

0.95

b L o
089 @ No dependence on phase angle
= uniform emission
0.80 ! . e
@ Results insensitive to photosphere
. . . . . model
-30 -20 —1q AU 10 20 30 A i
Boseline position angle [deg] @ Previous MIR+FIR observations

imply a cold debris disk as
far as ~ 200 AU (Su et al. 2005)
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NIR circumstellar excesses detected so far

+ 10 (out of 42) Main Sequence Stars (CHARA, Absil et al. 2013)

T —— Name fesg (%) oy (%) Xr Yy Excess?
; A N—T ce?
pame Jom (8) oD AL Duees 70Vir . 012 027 059 05 NO
4 Psc 063 042 313 15 NO ol Vir 075 025 120 -30 NO
etaCasA 033 013 011 26 NO sig Boo® 0.40 045 180 09 _ NO
upsAnd 053 017 262 30  NO° 'ksiBoo 074 020 021 37  YES
107 Psc 0.75 057 207 13 NO lam Ser 055 035 225 16 NO
CtauCet 098 018 083 54 YES  kpCB 118 020 116 59  YES
Let Per 0.44 027 182 16 NO chi Her 0.58 065 158 09  NO
< Eri* 010 020 44 05  NO gamSer 006 027 011 -02 NO
— mu Her 1.02 033 258 31  NO°
1 On 044 023 292 1.9 NO gam ()phh 025 048 123 0.5 NO
zet Lep 055 026 133 21 NO 70 Oph A 031 NO

ksi Gem -1.36 0.69 141 -20 NO

HD 69830 0.23 045 013 -05 NO

30Mon 004 045 069 01  NO —

bet UMa® 0.05 016 040 -03 NO 61Cyg A 0.13 055 049 02
del Leo -1.14 077 053 -15 NO 61CygB 0.36 036 094 -10

+ 4 in H band (1.6 pm) with VLTI/PIONIER (Ertel et al. 2014)

bet Vir 0.06 033 1.84 02 NO
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CHARA/JouFLU (K band)

Fiber-Linked Unit for Optical Recombination
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(Nlustration by N. Scott)
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Example Data for Altair... with improved pipeline

0.12 0.14
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Data Reduction: Nufiez, ten Brummelaar, Mennesson, Scott. PASP, 2017
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Checking new pipeline on old (2005) FLUOR data

Excess level of Vega using new pipeline is consistent with
Absil et al. (2006)

HD172167
0.92 T T T T T T
Star Model x2=3.491
0.9 [ Star+Dust Model x2=1.931 B
Faust/F+=(1.0420.250)%
0.88 [~ 7
S I i
: — 1 11
0.84 [ + -+ ]
0.82 - b - _
08 [ 7
078 I I I I I I I I I
-4 -3.5 -3 -25 -2 -1.5 -1 -0.5 0 0.5 1
Hour Angle

To compare with f.se = (1.26 £ 0.27)%
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K-Band Observations after 2012

33 new stars, 11 follow-ups of previous survey

Spectral Type histogram
BN JouFLU (33 stars)
14 [ FLUOR (42 stars)

12

m, histogram

I JouFLU (33 stars)
[ FLUOR (42 stars)

-
o

Number of stars
@
Number of Stars

o N A O

e Total of 75 stars: 21 with a known outer cold reservoir.

e Nominally 3 calibrators per target.
[cal;-sci-cal,-sci-calz-sci-cal; | x 2

e Goal: to search for correlations of hot dust with spectral type,
age, cold-dust...
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Survey Results: 33 stars, 6 new excesses, 4 due to binarity

HD Name Type K Baseline fuse(%) Coe X2
5015 HR 244 FOV_ 354 SL52 0.61+0.83 179 168
5448 37 And A5V 35 5152 264+053 0716 524
6961 0 Cas AV 397 SI1-52  0.64+067 34 201
10780 V987 Cas KOV 3.84  S1-52  2.34+0.80 342 347
14055 5T AlVon 306 ELE2 -130+108 0891 167
15335 37Tn GOV 448 EIE2 060+141 0651 051
19373 v Per F9.5V 2.68 S1-S2 —0.36 +0.28 2267 212
20630 ~l Cet G5W 334 ELE2 1.39+1.03 083 1.08
23249 S En KUV 143 EL-E2  140+0.77 0092 175
26965 40 Eni K05V 2498 S1-52  0.01+0.76 104 139
28355 79 Tau AV 455 ELE2 —086+123 4157 316
33111 B En A3V 238 5152 3214037 635 17.67
34411 NAur GI5NN-V 327 ELE2 0251056 0525 048
50635 38 Gem FOVp 389 ELE2 20+10 393 355
87901 a Leo B8IVn 160 5152 —0.12+0.79 0539 037

162003A  HR 6636 F5IV-V_ 343 EL-E2  744+052 1431 20.02
164259  Ser F2V_ 367 ELE2 076+088 2748 248

165777 72 Oph AdIVs 342 E1-E2 3274146 146 1.68
168151  LTT 15404 F5V 385 EI-E2  1.84+0.76 330 389

182572 31 Aql G8IV 353 EI-E2  0.03+06 2.34 205
182640 4 Agl FOIV 252  S1-S2 7.240.41 191 51.24
184006 v Cyg A5V 3598 EI-E2  —0.54+0.875 1.581 1.32

187691  LTT 15798 F8Vv 3.902 EI1-E2 1174187 048 0.84
190360 LHS 3510  G7IV-V 4.05 EI1-E2  0.05+0.52 155  1.32
192640 V1644 Cyg A2V 4.47  E1-E2 216 +1.35 1667 1.95

202444 7 Cyg FOIV 2.69 S1-S2 2.83+1.35 3.44 358
210418 0 Peg AlVa 333 EI-E2 1.69 £ 0.54 167 2.80
213558 a Lac A1V 375 EI-E2  -1.17+£086 043 071

215648  LHS 3851 F7v 2.92 S1-S2 0.51+0.42 1.08 117
217014 51 Peg G25lVa 399 EI-E2 -0.03+0.76 0.62 0.51
219080 7 And Fov 377 S1-S2  —0.2+0.54 0.98 087
219134 HR 8832 K3V 312  S1-S2 0.58+0.54 161 155
222368  Psc F7v 2.82 EI-E2 1.58 £ 0.36 141 482




CHARA/JouFLU survey
©000000

Example detection and non-detection

HD190360 HD222368

Star Model x°=1.321 - - - Star Model x°=4.822 - - -
1.06 - Star+Dust Model x%=1.555 —— | Star+Dust Model x%=1.412 ——
Fgys/F-=(0.052£0.525)% —— Fusi/F-=(1.579£0.360)% ——

V2

0.5 1 15 2 25 3 04 0.6 0.8 1 12 16 18 2 22 24

14
Hour Angle Hour Angle

e iot Psc
o Age: ~ 12.1 Gyr o Age: 5.2 Gyr
e Exoplanet host star e ~ 4.40 K-band excess

o No detected NIR excess (.Trilﬁiteegégoogm excess (70 um)

e No excess at 10um with KIN

(Mennesson et al. 2014)

(Nufiez et al. 2017, soon!)
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Binaries or

HD173667 HD5448
1.4 T T T T T 1.05 T T T T T T T T
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e 110 Her e 37 And

o Excess candidate by Absil et al. ~ ® Faint companion discovered
2013 recently (Roettenbacher et al. 2016)

(Nufiez et al. 2017, soon!)
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Results of follow-up observations

Table : circumstellar emission for the follow-up targets of Absil (2013).
The highlighted boxes correspond to statistically significant excesses: red
boxes indicate that the excess is statistically significant, and also
consistent with the circumstellar dust model.

HD Name  Type K Baseline  fese(%) sourty X% X% fese(%) FLuor Afese(%)

9826 v And FoV 284 S1-S2 3.62 4 0.61 126 442 053+0.17 3.09 £0.63

40136 7 Lep F2v. 291 S1-S2  0.45+0.47 2.03 1.8 0.89 £0.21 0.44 £0.52

102647 [ leo A3Va 191 S1-S2  1.09+0.52 090 1.44 0944026 0.15£0.59

131156 ¢ boo Grv 197 S1-S2  —-032+042 140 129 0.74+0.20 —1.06+0.47

142091 k CrB KI1IV 249 sis2ere2 3.44+0.52 1.85 6.54 1.18 £0.20 2.22 +0.56

142860 v Ser Felv 262 EI-E2 1.09+0.78 1.02 117 -0.06+0.27 1154094

173667 110 Her F6V 3.05  S1-S2 234+£037 1066 9.24 0.94+0.25 1.404+0.44

177724 (¢ Agl  AOVn 29 E1-E2 1.234+0.38 132 245 1.69+0.27 —0.461+0.47

185144 o Dra Gov 281 S1-S2  —-1.11+1.0 188 1.78 0.15+0.17 —-1.26+1.01

187642  « Adgl A7V 022 S1-S2 6.11+074 276 2733 3.07+0.24 3.05+£0.78

203280 «a Cep A7V 196 EI-E2 —-0.14+0.78 074 064 087+0.18 —1.01+08

4 excess levels changed significantly, 1 likely due to binarity.



Summary of Results

CHARA/JouFLU survey
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6 new stars with a visibility deficit, 2 stars

Circumstellar Excess Significance Histogram

with dust, 4 binaries.

9 18 FLUOR+JouFLU Significance Histogram
| i —— JouFLU Noise fit | | - - noise (extension + original)
8 ' N JouFLU 16 | - - noise (extension + revisit)
' ' [ FLUOR 1 [ extension + revisit
7 : : 14 : [ extension + original
I
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esel Tese

e Weighted mean of circumstellar emission is (0.36 £+ 0.12)%
e Instrumental noise significance distribution has std ~ 1
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Correlations with Spectral Type and Cold Dust?
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e No significant correlation with spectral type or cold dust. But...
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FGK detections seem to correlate with cold dust

Stars with/vyithout a detected cold reservoir

0.7} $ § Detected Cold Reservoir
¢ ¢ No Detected Cold Reservoir
0.6 ¢ § Combined

ency

o 0.5
0.4
0.3

|

0.0t i ;
A FGK
Spectral Type

K-Band Excess Fre

©
=

Different excess mechanism for the A-type excesses?



Location of the Dust
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‘ Dust/Star Flux vs wavelength

10

PIONIER
JouFLU, GRAVITY

MATISSE

MATISSE, KIN, LBTI

Percent Excess

10°

500K dust

1000K dust
3000K dust
6000K dust

.l L
10 0 2

4 6 8
Wavelength in microns

10 12

Fig:Assuming thermally emitting dust, with a K-kand flux
ratio of 1% relative to a star of 6000 K, the curves show the

expected contrast as a function of wavelength

No corresponding excesses at
~ 10um (Mennesson+ 2014)

Less detections in H band vs K
band (Erte|+ 2014) (Different samples).

Marshall+ (2016) finds no
scattered light on excess stars via
polarimetry

Modeling is consistent with

micron-sized hot dust
(Kirchschlager+ 2017)

= Inner dust likely to be composed of close-in, hot (T ~ 1000 K)
and small ~ 1um grains close to sublimation radius at ~ 0.1 AU
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Some implications/issues raised by observations

@ How does the dust get there? And how is it replenished?
Small- and close-in dust should have a very short lifetime
(~ years)
A few replenishment possibilities: comet in-fall /out-gassing
(Wyatt 2008; Su+ 2013; Lebreton+ 2013). Magnetic trapping
of nano-grains (Rieke+. 2016)
Much of our zodiacal dust is thought to originate from comets
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Summary and final remarks

@ Developped an optimized data reduction pipeline, which
minimized the visibility bias and uncertainty

@ Tested pipeline on old data FLUOR data. We reproduce excess
levels and uncertainties

@ Added 33 new stars to the sample. 6 new stars with significant
circumstellar emission. 4 binaries, 2 attributed to dust

@ Testing with binaries: measured visibility deficits are
compatible with expected values

@ 69 stars when combining FLUOR and JouFLU

@ Detection rate of (21.7 £5.0)%

@ Excesses are more frequent in FGK Stars with detected cold
debris disk than without a detected cold debris disk

@ 2 Exoplanet host stars display and excess: v And, x CrB,
significantly higher than before.
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