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ABSTRACT

We present Keck/NTRC2 K, band hi coronagraphic imaging of the luminous debris disk
around the nearby, young A star HD 32297 resolved at a projected separation of r = 0.3-2.5" (= 35—
ﬂﬂﬁU}.ﬁadhkimlyurpadhthemﬂhmmHunmh, “wavy" surface brightness
profile interior to r /s 110 AU, where the peaks/plateaus in the profiles are shifted between the NE
and SW diak lobes. The SW side of the disk is 50-100% brighter at r = 35-80 AU, and the location of
its peak brightness roughly coincides with the disk's mm emission peak. Spectral energy distribution
modeling that HD 32207 has st least two dust populations that may originate from two
separate belts likely at different locations, posaibly at distances coinciding with the surface
poaks. A disk model for a singie dust belt including a phase function with two components and a 5-10
AU pericenter offset explains the disk’s warped structure and reproduces some of the surface
profile’s shape (e.g. the overall “wavy" profile, the SB peak/plateau shifts) but more poorly reproduces
the disk's brightness asymmetry and profile at wider separations (r > 110 AU). Although there
may be alternate explanations, agreement hetween the SW disk brightness peak and disk’s peak mm
emission ks consistent with an overdensity of very small, sub-blowout-sized dust and large, 0.1-1 mm-
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glzed graing at = 45 AU tracing the same
submm ohservations may be able to clarify w

population of planetesimals. New near-IR and
her even more

grain scattering propertiss or

dynamical sculpting by an unseen planet are required to explain HD 32297's disk structure.
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" pomponent of 8 Pictoris's
disk [Heap et al. 2000; Golimowski et al. 2006) is

due to the directly imaged planet (Augereau et al. 2001;

et al. 2011) and also provides an estimate for

the planet's mass independent of planet nnohgf;d-
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20056; Quillen et al. 2006; Kalas et al. 2008). Other de-
brie disk structures may be due to non-planet processes,
in particular interactions with the interstellar medium
or perturbations from a nearby star, as has been pro-
posed to explain images of disks around HD 15115 and
HD 61006 (e.g. Kalas et al. 2007; Hines et al. 2007).

The nearby (d = 112*}3 pe; van Leeuwen 2007) A5
star HD 32297 Is another example of & young star sur-
rounded by a luminous, spa resolved, debris disk.
At 30 Myr old (Kalas et al. 2008), it is roughly co-
eval with HR 87089 and may probe debris disk tion
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y reso in the
optical (Kalas 2005), near-TR (1.68-2.2 ym, Debes et al.
et al. 2000), thermal infrared {10-20 um,
et al. 2007; Fitzgerald et al. 2007), and mil-

limeter (1.3mm Maness et al. 2008),
i i that

and southwest sides (see also Kalas 2006). They ar-
gued that ISM sculpting explains this feature much like
it explains some properties of the HD 15115 and HD
61005 disks. Schneider et al. (2006) identified a bright-
ness asymmetry between the two disk sides, a feature
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congistent with sculpting by & massive planet (see also
Maness et al. 2008).

Tae two mechanizsms, [SM sculpting and planets, are
not mutually exclusive. New images of the HD 15116
mnnnmau-mmm.-gmww
pericenter offsets, both of which are ly due to a

companion (Rodigas et al. 2012; Buenzli et al.
2010). tionally, multiple debris belts, scaled ana-
logues to the solar system’s asteroid belt and Kuiper beit,

are also likely planct signposta and reside around
HID 61006, HD 15115, and HD 32207 (Fitagerald st al.
2010; Maness et al. 2008; Rodigas et al. 2012).

To determine which mechanisms are responsible for
ing HD 32297"s debris disk structure, we need new,
signal-to-noise images with which to derive

. Although Schneider et al. (2005) iden-

2008). However, it i6 not clear whether these asymme-
mﬁammmmm identify small
and grains originating same parent popu-
Mhn.&hﬁmﬂﬂf,lmmﬁumﬂmm al. (2009)
has !imited spatial resolution. While they did recover
Schneider et al's brightness asymmetry, higher
resolution observations could confirm and help clarify the
physical origin of this and other features. For example,
new data could breaks in the disk brightoess pro-
file that may reveal evidence for the multiple debris belts
inferred from unresolved TR data.

To further clarify nature of the HD 32297 debrin
disk. we present new

responsible for sculpting the disk emission (
2. NIRCI DATA
11. Observations
We HD 32297 on UT November 20, 2011 with

¥

! camera mounted on Keck IT using the K, fil-
ter (A, = 216 pm) in the narrow camera mode (9.952
mas/pixel Yelda et al. 2010) with correlated doyble sam-
pling. The Keck AD system delivered diffraction limited
images with a FWHM of ~ 4.9 pixels (~ 49 mas). To en-
hance our ability to extract the HD 32297 disk emimsion
from the bright stellar halo, we contered the star behind

scitings more for extended sources (L
disks, not }.wgnmutrmﬁmnpl :i
1.5-5x FWHM, optimization areas (V) of 1000-3000x

the FWHM area, optimization geometries g of 0.5-2,
and subtraction ammuli (dr) of 5-10 pixels wide (see



Lafrenlere ot al. 2007, for more details). To determine Here, we investigate

the signal-to-noise per resolution element of our disk de- and surface brightness profile,
tection, we convolve the image with a beam size equal to lar i
~ 1 FWHM and compare pixel counts to the standard form -analysis on

deviation of cousts within & 1 FWHM-wide annalus®®. disi ~

Finally, we correct for astrometric blases in- ric/astrometric biases inherent in LOCI processing

mm-h-d pmc:dlng impuui;.m m Appendix). (oo
and measured disk properties (e.g. surface brightness, 3.1 Duk FWHM

full width half maximum, position angle). Our method To better assess the HD 32207 disk morphology, we
follows that first developed by Rodigas et al. (2012) and measure the disk FWHM perpendicular to the disk’s ma-
is described in full in the Appendix, jucrndunﬂ;ﬁmﬂhnnhhellmwdm. First, we
khﬁ brightest pixels at each radial separation for
23 HD 32897 Disk Image the and SW lobes, respectively. Next, we place & 5
21 pixel box centered on the brightest and

Figure 1 shows the image and signal-to-noise for pixel by
w'wmm-mh;tm sum

eriterion of § > 2.5, Ny = 3000, ¢ = |, and dr = 10,  9ucing a 1D array of 21 values. Finally, we fit & Gaussian
mh uflbm:ndmﬂ o disk at amall pep- 0 this , which yields the disk midplane location
mwmﬁum{&mmjtm? the disk at that location.
but without oversubtracting the disk (favoring larger §, Figure 3 displays the disk FWHM as a function of stel-
Na) As evidenced by the signal-to-noise map, we detect ~ ocentric distance for the NE ) and SW (green)

the disk at SNR > 3 from r = 2.5” all the way to the  5ies- The errors correspond to the residuals of the Gaus-
edge of the aphic spot &t 0.3". The peak signal.  Sian fits divided by the “throughput” for the disk FWHM
h-mhprph:lﬂ~19.mdummm as determined in the Appendix. On both sides, the disk
midplane is more than 100 significant at 0.85-1.4", while  F WHM steadily decreases from ~ 0.25" at r = 1.5" to

tinct “bow” shape, where the disk position angle clearly  Structure. Beyond r = 1.5", where the disk emission ap-

changes with radial separation, proaches the noige lmit, the FWHM
Furthermore, the disk exhibits a significant brightness ~ fuctuate wildly.
oaymmetry “ﬂ‘“w“f'" S0 T 3 32 Disk Position Angle

our a
to better illustrate the differences betwoen the To quantify the “bow” structure easily seen in Fig-
two sides of the disk Interior to r = 0.35" (identified ~ 9r® 1 and identify any additional warping, we calculate
with a circle), the SW side is significantly than  the disk position as a function of stellocentric dis-
both the NE side as well as any pixel value for residua)  tance for both the NE and SW sides the disk mid-
speckles located st different azimuthal separations; the pixe! locations from the Gaussian fits described in
NE side has a peak brightness only slightly larger than 3.1. The position angle uncertainty at each radius re-
hhwn:rod:h Exterior to this ion, there it from the difference between the Gaussian-fitted disk
are co resid w-m:m:{m midplane location st the radius and a midplane location
disk, and the itﬁﬂch:hhﬁ-uhnmm defined by the brightest pixel. Hore wo amumes
r ~ 0.6" (yellow/red region on the SW side). systematic uncertainty of 0.000" from the Yelda et al as-
Our Keck K, image agrees well with the previous  Srometric calibration, although fitting errors always dom-
best K, results, which were obtained with the ectreme-
AO Well-Corrected Sub-Aperture on Palomar Beyond r = 0,8, both sides of the disk maintain a con-
by Mawet et al {m}mmcmaﬁtm stant position angle, although they are misaligned
ing. Convolved to the Palomar/WCS beamsize (Figure  G04rees. Between 0.3" and 0.9, though, the disk emis-
2, bottom u%ﬂmwmmmthnd sion on both sides curves towards the north, with the
Mawet ot al's disk appears highly asymmetric with on the NE side by more than
the SW side being brighter extending all the way to the 20 and by ~ 10° on the SW side. On the
mwtwﬁa"inw compared to 0.4*  SW side, this curvature is not continuous, leveling off at
in theirs). As with mmum]mmun 232° at 0.5-0.6" before resuming at smaller separations.
side fainter and truncated. Moreover, the Beyond r = 16", the disk exhibits no obvious curve-
upuﬂmdthcdhkmmswud.mfbm ture/warping, though photon noise degrades the preci-
with the mm continuum peak (Maness et al 2008). sion of our estimates.

3. ANALYSIS 33 Disk Surface Brightness Profile

To calculate the disk surface brightness (SB), we fol-
median sur-

= low Rodigas et al (2012) and determine the
mhd&mhmwmﬂg face brightness in mJy/arceec® in & 18-pixel diameter

methoos more optimined for point souree detection, we plas to do circular apecture. We determine uncertaioties in the me-

50 [n & future work dian disk surface brightness (also ln mJy/arcsec®) at
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in the Keck images. The surface brightness, F, of each
purdﬁchhdutﬂmdlzmmimdm&ommnu
and its scattering angle w assuming & two component
Henyey-Greenstein phase function:

1 1—g7
e (r’+r") {“‘{1 T~ esa)s T T

A multi-component phase function for circumstellar
dust may be favored. For example, the phase function
of zodiacal dust in the Solar System has been modeled
with multiple Henyey-Greenstein components, incluod-
ing a significant backscattering component (Hong et al.
158& Recently, observations of HR 4796A’s disk sur-

ulunfm:ﬁnnufmtbwin;ln;leuhmud
mmwad;blyﬂntmh'radphmfunﬂhmfwihdmn
scattering angles > 50° (Dalle Ore ot al. 2011), and ob-
servations of the protoplanetary disk HD 100546 at mul-
5 bl S in Duieasa it of sceirie e

unction tter at es
> 358" (Mulders et al. 2012).

Hpmﬁdhphwathamnddtmbntrmdmthu
overall disk morphology and two rejected models. We
attempted several possible structures and combinations
nfpumm,nhhtuin;nmodﬁtwthndmﬂthths
model presented in Table 2 and shown in the left
A more rigorous exploration of parameter space thmr
possible degeneracies is the scope of this paper.

To account for its warped, bow-shaped appearance, the
dhkmuutmntﬂnmnhlghlyﬁ:rwudmtmlngm
at r ~ 110 AU, which cause a asymmetry be-
tween the front and back sides of the disk. At low scat-
tering angles (small projected separations) the brightness
asymmetry is more pronounced than at larger projected
separations, causing a change in the midplanc

This of " structure is BEEN
in 15115 et al. 2008; Rodigas et al. 2012},
However, the breaks in the surface brightness at
~1" are hard to reproduce with typical le component
Henyey-Greenstein phaso functions (middle panel), re-
quiring a Aatter phase function at larger angles
(left panel), Thamrhmtnightnuu&m-:m-
2 okrieatly soriotng the DAt Dol Bl wom
tao scattering dust panel], such
a configuration does not give rise to the disk's warped
appearance. We cannot exclude the of a sec-
ond ‘mner ring (ie. at r ~ 356-50 AU) for our modeled
dust phase function, especially if the dust in the disk at
wider separations is slightly less forward than
we have modeled. This would allow the inner disk to
dominate the surface brightness at small projected seps-
rations.

Although our two-component forward model
humlphﬁmprudmmmhy:ﬂnkm?
and 8 (left panel) com this model to the observed
SB profile. The model clearly succesds in reproducing
the disk ing at r < 1" and the surface brightness
pruﬁhbmk}t‘mmntfu 110 AU. The model grains'
strong forward scaltering at small angles causes the disk
to appear very bright sgain at projected separa-
3B ool (i B, though caten at. I v th

8), t at the
model predicts that this brightness accelerates, whereas

1~ gicate an
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the measured profile appears to flatten at r ~ 0.4", espe-
dd:i for the NE side. Furthermore, our scattered
| predicts that the disk emission should be
axisymmetric. However, at r < 0.6" the disk’'s SW si
significantly brighter and the profile breaks appear offset.
The 's asymmetric SB profile breaks could indi-

mmetry in the disk's distance from the star
- 207 RN of position angle: e.g. a pericanter offset,
To in whether a pericenter better repro-

mndelhutmim side of the disk
5-10 AU closer to the star than the NE side 8).
This model predicts that the NE side's 5B pro
starts at wider separations (r ~ 1.1" va. 0.9" for the
SW side) and that the SW side should be brighter at
0.5-0.9", in agreement with the observed SB profiles.
The pericenter offset model's fdelity isn't perfect: the
SW side is significantly underiuminous and the exact
locations of the breaks are not well reproduced, I-Il:m—

E

" ever, ita success in reproducing the asymmetric SB pro-

file breaks motivates more detailed scattered light disk
modeling. In particular, a.]i:mglarlng:mdeh rogard-
less of any pericenter offset) predict that the disk’s sides
should be equally luminous at r ~ 0.3-0.4", Our data
indicate otherwisc (the 8W side is still brighter by ~

50%), suggesting the need for further modifications for
our scattared model. New, higher SNR images of
HD 32297°s disk will clarify the angular separation range

over which thaSdenhbnghtnmdthmptwﬁehn-
portant constraints for future disk modeling.

4.2. Spectral Energy Distribution Modeling

For a separate but related probe of the HD 32297 disk
Empe:ﬂu,nmodeladtbadhk:pnﬂrd energy distri-
M%hﬁﬁ%mlﬁpmmm
neEw| t EScopE,
WISE mission, and AKARI satellite (Werner et al
2004; Wright et al, 2010; Murakami et sl. 2007). Table

3 lists the photometric data we consider,

Our methods follow those outlined in Plavchan et al.
(2009), where we identify the best-fit dust tempera-
ture(s), gra.inpmpatlu and effective emitting areas in-
corporating & downhill simplex (*Amoeba” ) as
described in Press et al. (1992). We consider cases where
the dust radiates like a blackbody such that rgye ay =

(280K /T)* % o/Lotar/Lo and where the dust's emissiv-
ity scales with the effective grain size beyond a criti-

_u.l nwhngth (Backman et al. 1992), ¢ & A5, which

ins of & given temperature at dis-
Winmhrefur the disk modalputmnmmthﬂ

mjn]mmetheﬁtruldullnmlmwmtheﬂux(m"g=

:ﬂi“‘ E;thcqi’?N} In all cases, we pssume that
p‘ﬂupupull:thmhmachumm for sim-
plicity, Wdﬂnnt%nﬁnﬂnma&dhﬂihm

Even though we tometry not previously
madeled, our fits are likely to be highly degenerate (e.g.
Maness et al. 2008; Fitzgerald et al. Therefore,
instead of identifying the single best-fit model and 95%
confidence interval, we use several separate SED model
runs to explore more focused questions about the HD
32297 disk properties:

# Model 1 - A Single Dust Population - Here we



that only one dust population contributes
disk’s TR-to-mm cmission and allow § to
vary. Our goal with this fit is to determine whether
HD 32207's disk must have more than one dust
population.

# Model 2 — Two Dust Populations, One Dust
Belt at a Fixed Location -~ Here we include two
dust jons and allow their emissivity laws to
vary fix them to the same location. We place
the bek at r = 85 AU, or roughly interior to where
the disk surface begios to flatten.

1

s Models 35 - Two Dust Populations/Belts,
Fixed Emissivity - Hero we |dentify best-
fitting model with two dust populations in two dis-
tinct belts, assuming either that the graing behave
as blackbodies or have a A~} emissivity law. This

Variable Emissivity, “m-ﬂﬂt,

we fix the locations of the dust to the peak of the
mﬁmh:lﬂtnuﬁl.: ~ 0.4" and ~ 1" or 45
AU and 110 AT, w o cover the locations
of the SB plateaus In the and SW eides. Our
gﬂhﬂuhmmwhﬁhﬂrnmﬂmﬂ.ﬂrlm-
ting disk model that identifies the local maxima
in the surface brightness profile as the locations of
two separate debris beita.
* Models 7-9 - Three Dust Populations /Belts,
Variable Emissivity, Variable/Fixed Loca-
tion — Maness et al. (2008) suggest that three
arate dust populstions are needed to fit the
32297 SED. In one case, we fix all the belts to be
at 85 AU and incorporate a third, warmer dust
population in grain size and emissivity. In
two cases, we fix the outer two dust belts at 45 AU
mdllﬁiu.whﬂemyln;punmlnd emissiv-
ity and incorporate a third warmer dust population
varying in in radius, grain size, and emissivity.

§ displays some of our SED modeling results,
jch are reporied in Table 4. For all best-fit modals,
the stellar effective s T, ~ 78T0-T820 K
and the star has littie extinction (Ay < 0.03). Regard-
less of our assumed particle emissivity law, & single dust
population model (Model 1, top-left panel) poorly repro-
mmm,-mg@mnﬁ
2007), antly the flux density as 8-
22 pm. ly, having two or three dust B
in one belt at B5 AU (Le. top- ) significantly
improves the fit (rma.q = 0. . However, the re-
quired grain siges are too small (~ 4 nm-0.2 um) to be
realistic. Thus, the dust likely arises from more than one
ﬂk—@nmmm&mmhﬂmﬂthﬁmp'ﬁm
emissivity power law,
Fits assuming blackbody grains but incorporating two
dust at different locations significantly im-
prove the fit (rms.a ~ 0.16; top-right) compared to

the dust sizes /scatteri 3 location(s) of the
mm.; (o Doben et . 2000 Rodigan ¢ a1

ﬂmua-nu-d;a«-u-*t:w mode] becanss
the Amosbs code treats 5 ss & troe m.w&
whether the value s physical, and exploits & gap in COVETAgE
= 10 pum to schieve & bettar fiy.



£. COMPARISONS TO PREVIOUS HD 33207 RESULTS

due to ISM
sculpting (see images for HD 32207/15115/61005 from
Dch-un‘ . 2009) and does so for both sides of the disk,

mm Thus, we ; - near-
asymmetry as m same location.
_mmnpummmhbrhﬁhm and
nm»m-nhn'ﬂnmllhlrthmltofmﬂlﬂm.ﬂuy
may trace the same parent population of planetesimals.

Hﬁhlprumlnmtn.?du‘bmr"
ture intesior to r ~ 1 ¥ (~ 110 AU).

* 2. Our new data clarifies the disk's surface bright-
ness profile at small separations. We find that it

3. Ihd:iunhihlhmﬂummh
tween the two sides. SW side is brighter at
r ~ 0.3-0.6" by 50-150%, with the most statisti-



structure, marginally reproduces the “wavy" SB
profile and fails to reproduce the NE/SW asym-
metries. A disk model with a 5-10 AU
offset reproduces the asymmetric 5B

Interior to r < 1", al its B
metry is limited to 0.5-0.9" and its match to the
§B at wider seperations is far poorer. Thus, dust

scattering playe a critical role in ob-
m&umﬁu,mnum“
explains all of the disk's properties we ident!fy.

it

the disk SED dust at the
locations of the from our provided
that there exists additi warm dust weo CAn-
not yet resolve.

# 8. The disk's brightness peak at r 2 0.4" coincides

with the peak mm emission (Maness ot al. 2008).
If the grains responsible for both peaks are the re-
nhofmuhlnm,ﬁth-m the same parent
population of planetesimals.

Ie summary, the HD 32297 disk appearance is

e o S
s arg et al,

{mmmnmatu[mhmmmuﬁmh-

rosonant structure may be wavelength depondent.

13
;
g
:

removed by radiative forces. Thus they can trace the par-
ent body resonant structure. Small, {sub)-micron sized

thermal TR is well suited for imaging exoplanets wi
ﬁmdm&&ﬂlﬂiﬂﬂ.ﬂlﬂ;ﬂuﬂhﬂi
2011b; Rodigas et u},mﬂr for stars like HD
32297 whose bright, edge-on disk
nmtlvmﬁmhhthmmAWwﬁ

cama Large Millimeter ( can

HD 32297 debris disk up to factor of ~ 50
t%.cwﬂlptm?de hrtll::: ;luhn;y lanet

thus a ter any p -
structure in the HD 32207 debris disk

We thank Richard Walters and Gregory Wirth for valu-
able help in setting up these observations, which were
conducted remotely from the California Institute of Tech-

are produced in the most collisionally ac- ated by the Jet Propulsion Laboratory, California In-
tive, density and are otherwise quickly stitute of Technology, under contract with the
by radistion pressure. Grains with intermed:- Aeronautics and Space Administration,
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TABLE 3
B 33197 PuoToMETRIO DATA
Filter Wavelangth  Flux (mJy) oFhox (mly) Bourcs
B/0.4380 1836.74 /75 TYCHO- m}
V/0.645 2012.91 24.10 TYCHO-
J7/1.235 1341.80 34.96 IMABE
1.682 81343 60,58 IMABE

(2150 61141 11,08 2MASS
337 280.23 821 WISE
4.62 151.28 ATHE WIEE
] B5.18 2.76
112 40.0 21 et al
11.66 53 532 Moerches ot al.
12.08 55.25 120 WISE
18 TL.28 253 IRBap
183 a0 13.5 Moerchin ot al. (2007)
.19 212.99 b.66 WISE
2 2252 4.82 IRSap
0 B50 60 IRSap
80 523.2 118 AKARI
160 <460 IHSep
1300 5.1 11 OARMA Meneas st al. (2008)

NoTE. — TYCHO-Il{irans) mfml ta TYCHO-1I catalog data transformed into
the standard Johoson-Cousins

hndp:udmdum-mmmm

TABLE 4

. [RSep refers to the IRS ep.
ABATPAC Infrared Science Archivo,

HD 33297 SED MopeLunG RestLTs

— — —

Model ID HMS  Ragee,: (AL) Eh.u.: Rguse s .Ih Ba Bs 4y (wm) o ag

1 0.23 B85 - M - - 0.086 - -

2 0.08 BE &5 .72 0.28 - D.004 0.187

3 0.18 1.1l 11.66 1] o = 0.39 041 =

4 01T B5.64 527.50 1 1 - 0.30 0.06 -

] 0.2l 16.60 97.50 - 0 1 - 08l .86

é 0.15- 45 110 = 0B 031 - 039 0.025

T 0.05 B5 BB B5 0B D81 045 0.008 0024 0.725

B 0.0G 14 458 110 T.27 [ %1} 1.50 0.3 003

: 0.06 il 45 110 0.A7 077 043 0.70 037 020

where N is the number of flux density

disacc, 7 s
i

tha particle

emissivity power
ot al 1992). Vlluntnhhmﬂudh
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| 2 3 4 5 B 7 |

Fio. 1.— Reduced image [top) and =i thbm}MWNTRC2HDmmmmhhuhﬁn4uunhmm
image are In counts, whereas they range B for the signal-to-nolse map. The central dark region identifies the coronagraphic spot
(r =0.3"). Thpmduhlwﬂulmllumnh
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PG, 2.— (Top) Our lmage from the 1§ panel of Pi;uui‘ﬂnduplmd withill different color flletch to better illustrate the
dnmdiﬁdmmuthumdlmuwllm{rﬂ.a—ﬂ ) and the bri asymmetry. (Bottom) Our image resam to the
same spatial resclution as the Palomar/WCS Image from Mawet et al ). The green cross kdesti ﬁ-thepmtlun[m positional
uncertaintios) of the poak brightness in the millimeter (Maness ot al. 2008), Both panels are displayed in units of coun




13

[ Jrem——

[ e ——

Liias s i 4

]
(298-2u0 “be/lrw) eseupy

o
blg #30jng

1.5 .
R (orc—sec)

1.0

0.5



14

—— e ——— -
This Work/2.16 microns -
Debes st ol. (2008)/2.05 microns - — — — 4
— Schneider et al, (2005)/1.1 microns -
' -
g
a
E‘ ‘I,ﬂE'
~ =
€ |
E -
T
o a1l
- .
h_s :
0.5 1.0 1.5
R (orc—sec)
Fic. 5.— mwmﬁtmwmmmmmx.mmw {SW side) and fitted power lnws
for 1.1-2.05 um 3227 data from Schosider et al, (2005) and Debos of al. (2009). wnumgmﬂﬂrmm;um- We find that

the surface brightness proflie Interior to r ~ 1" cannot be 6t by a power law,

g )

B—&:ﬁﬂ'ﬂdﬁlﬂmﬂm ating diferent properties/disk geometries: (l=ft) o t ponent Hemey-Gi el
mods! with strong} #ﬂnlﬂmﬂnﬁmnn f WM;TRW(W;JH
soparstions), {mideih lllmﬁ grunmd.il.mlh mmnﬁnlhrmum;duum The lafthand medel best
reproduces the disk The units are in counts
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Fio. 7.— Comparisons betwesn the modeled and messured disk positbon sngles (r The. triangle identifles the Jocation of the
brigktness peak from Manoss et al. (2008), %unthimmpuummﬂwﬁtﬁﬁuﬂrﬂqﬂdmthummm.luﬂ

& E
F1G. 8.— Comparisons between the modeied and messured surface
Sk £5001 ittty saeodusn "“Mﬁf‘%‘“ﬁ*mm sconlys g ket Ay 4 el B bk

mn q o I r L
atr > 1", pspecially on the SW side, where it is substantially underhuminous. 1
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Fic. ©.— SED model fis to the HD 32297 photometric dets listed in Tabls 3: Model.l (top-laft), Model 7 (top-right), Model 6 (bottom-

left), and Model 9 (bottom-right)

{Right) Our oal image

Ases, we rotate the image to

ik ndded.
4

g

used to model blasing from LOCI procesaing. {
dislk to each regiatered i
of the first imags in the sequencs (PA ~ -15.06°
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Fie. 11— pensis) S mm-—u:mmrwmdﬂ for the fake disk. (Bottom panels) Hatio
- L - gl s {ﬂ}anddhkrm{ﬂlﬂ va. mlhtl{puﬂlm. Th]dumd

of the “phesrved” (after processing) Tdd

lines 'dentify power-lew fis to correct our 5§ diak FWHM messurements for bi
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Fio. 12— Differencs in position angls for the [ake disk before and after processing. Owur processing does not biss the disk sstrametry by
more than 1-29 at any ssparation.
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APPENDIX
CORRECTING FOR DISK PHOTOMETRIC/ASTROMETRIC BIASES WITH LOCI

Thlﬂﬂ]—bnﬂ?ﬂ?mhklﬁhnwuﬂmﬂutbew and astrometry of polnt sources like planets and
mndaditmctmlthdhh Iﬂ.“j;mﬂ MII}.Fhmm-TummmmPuﬂu

companions into images at & range of angular separations, processing these imagos, comparing
the centroid positions of the fake sources corrects for these bisses. Correcting biases for

:}1
thmﬁuﬂmﬂdﬂhﬂﬂ&nﬁdﬂmhﬁhﬁﬂ!{ﬂdhnﬁd&ﬁﬂh}ﬁmhﬁﬁuﬂ
the processed, real disk image and surface brightness profiles com to real disk profiles beyond r = 17, We
consider two FWHM walues of 0.2" and 0.25" at 1", or ~ 20-40% larger than the values we get between r = 0.3 and
;;;rlm'tn thmwthmnﬂwhﬂnthﬁuﬁ&m(ﬁﬁclLtwpmh}.Fhrbmhmwlmpuﬂhﬁh

hmdﬁﬂ compare the output and input surface brightness

cknesses, and disk position angles.
As ghown in Figure lg'm.’lddhmd mmﬁpmmuummmm
= () 2") exterior to r = 1", reducing its surface and thickness by no mare Interior to r = 1%, the
surface and thickness to no less than 60-75% of their original values. for the FWHM = 0.25"





