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37. Validating Scattering-Induced (Sub)millimeter Disk Polarization
through the Spectral Index, Wavelength-Dependent Polarization

Pattern, and Polarization Spectrum: The Case of HD 163296
ZYD Lin et al. MNRAS, 496, 169-181; https://arxiv.org/pdf/1912.10012.pdf

[NBE] ALMAIC &K D2HD163296% R &t # & Z# RADMC-3D% FF

WTETY >, Band 7{R%

A4 X —PBand6-7 TD ANRY ~LiE

BE—HT 2DEEBRAY A Xamax=90umD Y XA MM L BHEN D BB E

I& & MRS MRDZ KK

ACDWTHFE. ANABAR TDIRYE

BAOZN) VI EXvy T TERDMER, BE Dtension (&KHKELR
FANTAZINRE) &, FHHBESZTOEESTHEELTESY, KFE
RIICBEWY V7 EBWE vy P2 LI Tc O TIER UL DY,

[AW/=FF)L]

« 7 A MICDWTIEBirnstiel et al. (2018)ODSHARP CfEbNf=H D
(EJ:) o ZISE%K ‘j:amax =90um =] E(A=087mm—6\1}%%§ﬂ$ﬁl§§lj()o

#TRE (BF) o

HERBESHETIVEERNDBENVY 7 VRN HOERED

- BEFEMD () [Xinner diskouter regions (1@
o7y (Za) lEringzRT DICIHE
- mESMIFERIZ, IEARHRBESMIFFRKEFEEZRTE,
T ANRT =LA NMEMHILICIERE
MCMCTCT—49 EBDINTA—F=ZEITDIIKRE,
1D-Slab(i=46.7°)Z{E > TcEL T —RATH D ZD T B (RRX—),

[{RIE3NZRP,

T 77 ILAN K weff vs. amax)

A =0.87mm

1.0 A

0.8 1

eff

3 0.6 1
Q

eff

3 0.4+
a

0.2 1

0.0 -

10! 102 103

Maximum Grain Size [um]

[FZEETT)U]

| L(R=Ry! R<R
CXPp _5\ o ) 9 = I\
2G(R) =ZG,0 X9 O E : (2)
1{R-Ry)
EXp| — < , R > Ry
\ 2\ oq | |



https://arxiv.org/pdf/1912.10012.pdf
https://arxiv.org/pdf/1912.10012.pdf

slab(1D, Plane-paralle)Z{E> fc T A IR (HEEE -

Band 7 Stokes | Band 6 Stokes | Spectral Index

N
o
)

—
o
o
]
'—J
o
o
|
|
N
(%))
m

.'

w

o
Jy/bea

Temperature [K]

Temperature [K]
V.
|
w
; : v )
m
Temperature [K]

1071 10° 101 10° 1071 10° 10! 102
Surface Density [g cm™2] Surface Density [g cm™2] Surface Density [g cm™2]

Figure 2. The plane-parallel calculation of an isothermal scattering slab in the two-dimensional parameter space of surface density and
temperature. The panels from the left to right are Band 7 Stokes I, Band 6 Stokes I, and spectral index between the two ALMA bands.
The dashed lines bracket the observed range for ring B100 of HD 163296. The dotted line in panel ¢ marks where a = 2.
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Figure 3. The range of surface density and temperature constrained by observations at 20, 67 and 100 au. The red, blue, and green
regions correspond to ranges constrained by the Band 7 Stokes I, the Band 6 Stokes I, and the spectral index between Band 7 and Band

6.

IARANM100aufHad ) > B100CTEE 1
f-&8AlE (Band 6/7) o
(C)D =#RIE, Spindex(a)= 2%~

=4 : YEERICTE VTR
a=2": ﬁ&%ﬁ@ﬂ'@‘%?ﬂmzém L1 —
S TeEk
a<?2: I/r ) —I = ZTHh5DIThn+
BEL BIWT b\%iEZE’C“LatHE KRB 3E)

r=20au, 67au, 100auD & Al{E(Band 6/7).

HERICEW<20aullH, H=D DL

Radius [au] Band 7 [mJy beam™!] Band 6 [mJy beam™'] a

20 78.1 2.08 1.4
67 26.2 0.76 2.2
100 12.0 0.44 1.9

Table 1. Values from observations used for 1D slab estimation
in Section 2.3. The first column is the radius in au. The second
to fourth columns are the observed values for the fluxes in Bands
7 and 6 and the spectral index a between the two bands.
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Parameters
R; [au] 100
T; K] 12.5
q 0.65
Ht [&U.] 3

Power-law-like Surface Density

Feature Inner Disk D48 D86  B100
250 [g cm™] 8 0.02 0.1 0.5
p 0 0 0 7
R, |au] 0.5 38 76 105
Ry [au] 26 58 96 135
oq |au] 0 5 5 5
op |au] 6 4.5 5 10

Gaussian-like Surface Density

Feature B67 B100 B155
YG.0 [g cm™] 2.5 2.1 0.15
Ry [au] 67 100 155
o [au] 5 3 5
oq |au] 5 4 25

Table 2. A chosen set of parameters for the model. The first
column displays the name of the parameter from Section 2 and
its corresponding units in squared brackets. The parameters are
separated into three main groups: the general parameters, param-
eters used for power-law-like surface density components, and pa-
rameters used for Gaussian-like surface density components. For
the inner disk, the inner exponential decrease is ignored since it
is not resolved and thus o, = 0.
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Figure 4. The two dimensional images of the disk model. The near-side of the disk is the bottom half of the image. Panel a: the Band
6 Stokes I image in Jy beam™'. Panel b: the spectral index between Band 7 and Band 6. Panel c: the Band 7 polarization fraction in
percent. Panel d: the Band 7 polarized intensity in Jy beam™, with the polarization vectors overplotted. Panel e: the color scale depicts
the offset of the polarization orientation, A8, from the vertical direction (parallel to the disk minor axis). A8 is plotted east from north
(counter-clockwise) and A@ = 0 means the polarization orientation is parallel to the disk minor axis. The vectors in Panel e are oriented
from the vertical direction by 3 X A to make the offsets obvious. The black ellipses for all six panels denote the rings. The Gaussian
beams used for convolution are plotted as black filled circles at the lower left.
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Figure 5. Panel a: the 07043 resolution Band 6 Stokes I image in mJy per beam. The units of the non-convolved image is scaled to the
corresponding mJy per beam. The convolved profile is plotted with a red solid line, the non-convolved profile with a black dashed line,
and the grey region represents the +10% calibration uncertainty of the data. Panel b: the spectral index between Band 7 and Band 6.
The grey region is @ +0.3, where a is the spectral index averaged between the Northwest and Southeast major axes. The a = 2 is plotted
as a horizontal solid line. Panel c: we plot the convolved Band 7 polarization with a red solid line and the non-convolved polarization
with a black dashed line. The green and blue colored regions are the observed Band 7 polarization with uncertainty from random noise
and image fidelity along the Northwest and Southeast major axes of the disk (Dent et al. 2019). Panel d: the model optical depth along
the major axis for Bands 7 and 6. The lower limits for Band 6 optical depths at 67 and 100 au (denoted by triangles) are derived from
the level of 2?CO extinction through the dust rings (Isella et al. 2018). The optical depth of 1 is plotted as a horizontal solid line. Panel

e: a comparison of various dust temperature profiles as a function of radius from previous literature. The vertical dotted lines through
all the panels are the locations of the rings.
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Figure 6. Images of the polarization fraction without finite telescope resolution for 5 ALMA bands at 4 = 0.87,1.25,1.5,2.1, and 3.1
mm (panels a-e) where the polarization capability is available. The dashed white ellipses mark the location of the rings. Panel f plots
the distribution of the optical depth as a function of radius along the major axis for each band.
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Figure 7. Predicted polarization spectra for the inner disk at
20 au (R=20; blue solid line), the D48 gap (red dashed line), and
the B67 ring (orange dash-dotted line) along the major axis. The
black dotted line shows a power-law that is proportional to 173.



43. The big sibling of AU Mic: a cold dust-rich debris disk around
CP-72 2713 in the B Pic moving group

[Imaging]
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Attila Moor et al. AJ, 159, 288; https://arxiv.org/pdf/2005.00861.pdf
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« Distance = 36.16 = 0.03 pc by Gaia

- Spitzer/MIPS : 24 & 70um

« Herschel/PACS : 100 & 160pm (FWHM =8,5” at 100pm, marginally
resolved)

A Meas. flux® Instrument Photosph. flux Reference
(pm) (mJy) (mJy)

9.00 128.1+12.3 IRC 105.2 Ishihara et al. (2010)
11.56 60.0+2.8 WISE 65.0 Cutri & et al. (2013)
22.09 18.9+1.5 WISE 18.3 Cutri & et al. (2013)

[Photometry] e i e i

71.42 71.1+£5.6 MIPS 1.8 This work

100° 110.6+9.7 PACS 0.9 This work

160 103.94+16.9 PACS 0.35 This work
1330° 3.8040.59 ALMA 0.005 This work
8820  0.09640.023 ATCA 10.6x107° Norfolk et al. in prep.

ALMA(ACA 7m) at 1.33mm & ATCA at 8.8mm

Table 1. Measured continuum fluxes and predicted photospheric fluxes

for CP—-72 2713

®The quoted flux densities are not color corrected.

b The emission is marginally resolved at these wavelengths.
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Figure 1. Upper panels: (a) PACS 100um image of CP—72 2713, (b) simulated image of the best fit dust ring model convolved
with our PACS PSF (see Sect 2.2), (c) the image of residuals. The stellar position is marked with a black star symbol. The
gray filled ellipse in the lower-left corner represents the size and shape of the PACS PSF (the FWHMSs and position angle of
the ellipse were obtained by fitting a 2-dimensional Gaussian to the 100um image of o Boo, see Sect. 2). In the residual image,
contours of 3x the rms noise are also shown. Lower panels: (d) 1.33mm ALMA continuum image, (e) image of the best-fit
model, and (f) the residuals image. We note that our modelling was performed in the uv space (Sect. 2). The (e) and (f) panels
display CLEAN images of the best-fit model and residuals after subtracting the model visibilities from the ALMA observations
using Briggs weighting with a robustness parameter of 0.5 in the imaging. In (f) panel the dashed and solid contours correspond
to the —30 and +30 levels.

Table 2. Best-fitting dust disk parame-

ters derived from the analysis of PACS and
ALMA data

Data set PA (°) i(°) R (au)
160 126 +22
153160 99726 ggF22

PACS 100um
ALMA 1.33mm 130+16 46+12 140+14

x 2 Dv sin ixHIECRR—VICKERB D)
— star-disk alignmentiE R & % S (ix=46°)
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Table 3. Stellar parameters

Parameter Data

References

Distance (pc) 36.6240.03 pc

Spectral type K7Ve

K7IVe

MO
Teer (K) 3900470 K
L. (Lp) 0.18%0.01
R« (Ro) 0.94+0.04
M, (M) 0.7170-02

Lx/Lpol -2.92
vsini, (kms™!) 7.1+0.9¢

Prot (days) 4.437
Vrad (kms™1) 8.0+0.4°

Bailer-Jones et al. (2018)

Torres et al. (2006)

Pecaut & Mamajek (2013)

Gaidos et al. (2014)

This work
This work
This work
This work

Kiraga (2012)

Torres et al. (2006)
Weise et al. (2010)

This work

Torres et al. (2006)
Lindegren et al. (2018)

@ Weighted average of the values reported by the cited papers.
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Figure 2. Color-corrected SED of CP—-72 2713. The green
curve shows the best fitting modified blackbody model. As
a comparison, the orange curve shows an Analysis of Col-
lisional Evolution (ACE) model for the disk with a total
mass of 50 Mg was also overplotted (see Sect. 4.3). This
shows the model SED after 24 Myr of evolution assuming

M, wind = 300Mg wind.
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Figure 2. Color-corrected SED of CP—72 2713. The green
curve shows the best fitting modified blackbody model. As
a comparison, the orange curve shows an Analysis of Col-
lisional Evolution (ACE) model for the disk with a total
mass of 50 Mg was also overplotted (see Sect. 4.3). This
shows the model SED after 24 Myr of evolution assuming
M*,wind = 300M@,wind-
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Figure 5. Disk outer radius as a function of age. For
CP—72 2713 the best-fit peak disk radius is displayed by
a large dark blue circle. Blue squares denote debris disks.
Protoplanetary disks belonging to the Taurus, Lupus, and
Chamaeleon I star forming regions are marked by green, pur-
ple, and brown diamonds, respectively. The position of the
points does not represent ages but serves to better distin-
guish the stars belonging to different regions. The shaded
region represents the 25-75% quartiles of the disk size distri-
bution. The whiskers correspond to the 0-25% and 75-100%
quartiles.



Dust removal mechanisms

Frad —|_FSW 3L>I<PSWI"

Praa = Foray " 167G M «CPS’

5% L\Stellar wind (M. = 300M,)lc & ©mass loss

ZERIDE, TAX0 UM T DY X~ &
MERIEENDSD2HDD, KDKEBZTIANE
RERIETS NGV (GK)

fc12 U, Poynting-Robertson Effecty°
Stellar windIC & 5dragsh‘d % &,
YA RNRFDOREEFAESHEH KON,
FUOE [ EEBRAE WEFE T& 9 %,
TNZEZE R ULCERENDRERR—Y),

1.0 : T T 1\'{\‘{ T T ‘ T T T T T 1T 1771 T T T T T 1T 1771 T T T T T T T N:
~
0 -
B '\\ STl ) ]
N '~
- . o _
N 'S

[ ~ < o '\' |
107" - N X E
- N, ]

xe)
2 - _

e«
10_2 = =
| ———— 100% astrosil ]

50% astrosil + 50% ice
| ——— 50% astrosil + 50% carbon N 7
3 —— 50% astrosil + 50% vacuum . , ’
107 5 - - - 100% astrosil + stellar wind (M. = 50 M)

O 100% astrosil + stellar wind (M. = 300 M)
| — - — Dblowout limit

ll‘ | | I ‘

0.01 0.1 1.0
Grain size [um]

l

10.0 100.0

Figure 3. The [..q ratio as a function of grain size for
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Collisional evolution
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40. X-Shooter survey of disk accretion in Upper Scorpius l. Very

high accretion rates at age>5 Myr
C.F. Manara et al. A&A, 639, A58; https://arxiv.org/pdf/2004.14232.pdf
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Table 2. Stellar, disk, and accretion properties for the targets in the Upper Scorpius region
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Name disk dist SpT T e Ay L, logLcc M, M. Acc? M gisk dust
type [pc] [K] [mag] Lo Lo M, Mo/yr Mo
2MASSJ15534211-2049282 Full 136 +4 | M4 3270 1.2 0.09 -2.6 024 3.66-1071° Y 1.69-107%
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[~ 1574
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ey = A \ AR Vi )'-T-F- E3 A == ﬁ EJEJ E 2MASSJ15354856-2958551_E | Full (binary) 145 M4.5 3200 0.0 0.10 -2.8 0.20 3.53.107° Yy 1.27-107%
.;é )361@ % )\ 300 2500“ m —Z. =1./] /) )y o= =Q=£] E ﬂa\i\ % p/A o) 2MASSJ15354856-2958551_W | ... (binary) 145 M4.5 3200 0.0 0.10 -2.9 0.20 27310719 Y 1.27-107%
2MASSJ15514032-2146103 Evolved 142 +2 | M45 3200 0.3 0.05 -3.5 0.19 501100 Y 4.82:107Y7
2MASSJ15530132-2114135 Full 146 £2 | M4.5 3200 0.8 0.05 -3.0 0.19 15210719 Y 3.88-107%
e e— L o 2MASSJ15582981-2310077 Full 147+3 | M45 3200 1.0 0.05 2.3 0.19 7.16:107° Y 4.00-107%
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— \
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2MASSJ16081566-2222199 Full 140+2 | M2 3560 0.5 0.15 -3.7 041 199100 N 5.98-107"
2MASSJ16082324-1930009 Full 1381 | MO 3850 1.1 0.32 -2.0 0.61 7.90-107% Y 2.58-107%
_ ~ A E= Jaranll— &% S 1A% A B3 =P = 1 2MASSJ16082751-1949047 Evolved 145 M5.5 3060 0.6 0.06 -3.1 0.14 197107 Y 5.01-1077
[ # t 7Ld\ % Eﬁ';/ﬁ\u E] ,E\ E==) IZIF == t ’ - ﬁ:ﬁ,g\ ==Y )(D H /L;\E ,E\ == t 0) B’g %, 2MASSJ16090002-1908368 Full 139+3 | M45 3200 0.3 0.05 -4.2 0.19 1.02-107"" Y 1.05-107%
2MASSJ16090075-1908526 Full 1381 | MO 3850 1.0 0.32 -1.7 0.60 174107 Y 2.81-107%
EFS J: U{‘% D) ANE 2MASSJI16095361-1754474 Full 158+5 | M45 3200 05 | 004 45 018 454102 Y 6.78:107"
/1B 2MASSJ16104636-1840598 Full 143 +3 | M4.5 3200 1.2 0.04 -3.9 0.19 1451071 Y 1.14-107%
2MASSJ16111330-2019029 Full 155+1 | M3.5 3340 0.6 0.03 -1.9 027 977107 Y 3.69-107%
2MASSJ16123916-1859284 Full 139+2 | M1l 3705 0.6 0.22 2.3 0.50 47510719 Y 3.65-107%
I L L NLINLALENLE (LI B B R 1 LT Ty, DT T 2MASSJ16133650-2503473 Full 145 M3 3415 1.0 0.11 -1.6 032 29310 Y 5.80-1077
i o . - oM 9 Upper Sco 2MASSJ16135434-2320342 Full 145 | M45 3200 03 | 012 -23 020 118107 Y 4.97-107%
2 _ - ' v i 2MASSJ16141107-2305362 Full 145 K4 4590 0.3 1.05 -1.4 1.25 20910 Y 3.15-107%
® TR FC S S —— z . OF - 2MASSJ16143367-1900133 Full 142+2 | M3 3415 1.9 0.52 2.7 0.29 51710719 Y 7.84-107Y7
E - - o [ === ] 2MASSJ16154416-1921171 Full 132+2 | K7 4060 2.8 0.30 -0.3 0.81 2.44-10% Y 1.28:107%
| '_ © _ e - 2MASSJ16181904-2028479 Evolved 1382 | M5 3125 1.6 0.05 -3.4 0.16 8.05107'! Y 2.76:107%
© B ([} 7 * -_ _-
_@Z C o o _“c_a ________________ ] - 1 B i Notes. Disk type from Barenfeld et al. (2016); Luhman & Mamajek (2012); Carpenter et al. (2006). Stellar properties obtained using the Baraffe et
Z-O et & o o o . 8’ - al. (2015) evolutionary models, apart from the target 2MASSJ15583692-2257153, for which Siess et al. (2000) models were used since the stellar
= 0 E———— Lo o _o____QZ._ _____ e = —_ B mass was higher than the maximum one modeled by Baraffe et al. (2015). Disk masses are updated from Barenfeld et al. (2016) using the distance
g i o & ° i —2F inferred from the Gaia DR2 (Gaia Collaboration et al. 2018) parallaxes. When no uncertainties on the distance is reported, the mean distance to
I S .9.__° 00O _____ o B the targets of 145 pc was adopted. Possible non-accretors are reported with "N" in the Acc? column. The values reported here for the accretion
-1 L A A ; ng;’bser"ed i o rate of non-accretors are considered in this work as upper limits.
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Fig. 2. HR diagram for objects in Upper Scorpius observed here. The .

evolutionary tracks are from Baraffe et al. (2015), with isochrones for — \ [~
1.2,3,5, 10, and 30 Myr. The red line is the median of the L, in different 7LL. LaCC 75 b y ]\4210C
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Fig. 1. Disk mass vs stellar mass after correcting the disk masses for the
Gaia estimated distances and using the stellar masses derived here. Or-
ange circles are used for targets observed with X-Shooter, gray symbols
for targets not observed, circles for ALMA detections, downward facing
triangles for ALMA upper limits. The shaded regions delimit the disk
mass ranges where the sample is complete with respect to the Baren-
feld et al. (2016) one. The dashed gray lines delimit the bins used in the
discussion. For the objects not observed with X-Shooter, the distances,
disk, and stellar masses from the literature are adopted.
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Fig. 3. Mass accretion rate vs stellar mass for the targets in the Upper
Scorpius region (orange points, both in the upper and bottom panels)
and for the targets in the Lupus and Chamaeleon I regions (gray sym-
bols, bottom panel). The downward facing triangles are used for non-
accreting objects, transition disk objects are highlighted with a circle
around their symbols. The cross indicates the typical errors on the mea-

surements.
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Fig. 4. Mass accretion rate vs disk mass for the targets in the Up-
per Scorpius region (orange points, both in the upper and bottom pan-
els) and for the targets in the Lupus and Chamaeleon I regions (gray
symbols, bottom panel). The dot-dashed lines report different ratios of
Mg/ Moo 0.1 Myr, 1 Myr, and 10 Myr, as labelled. Symbols as in
Fig. 3.
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Fig. 5. Mass accretion rates vs disk dust masses for the targets in the Lupus and Chamaeleon I star-forming regions, and in the Upper Scorpius
region. The dashed lines report the 16™ and 84 percentiles, and the solid line the median of the distributions.

Table 1. Median values for the M,..- Mg relation

Disk mass bin Lupus Chamaeleon I Upper Sco Viscous 1 Myr  Viscous 8 Myr
Median  Spr. Nyata Median  Spr. Nyata Median  Spr. Nyata Median  Spr. | Median  Spr.

48-10°-1.7-10"* -9.77 0,55 5/0/1 | -10.26 1.22 14/0/11 | -10.30 1.87 15/4/0 | —10.01 1.11 | —-11.04 1.56
1.7-10* - 6.47-10* -9.94 158 15/0/0 | -9.48 256 20/4/4 -9.10 1.12 14/0/0 | -9.53 0.76 | -10.50 1.18
6.47-10*-155-10% | -9.17 113 32/4/0 | -839 193  36/1/0 -8.93 1.81 6/1/0 -8.91 135 | -9.65 1.08

Notes. M= 100 * Mgk qusein M. The table reports the values of logMaCC, reported in M/yr, for the median, and for the spread of the distribution,
defined as the difference between the 16" and 84" percentile of the distribution in a given bin of Mg The latter is equivalent to a 20~ spread. The
Nyata columns report the total number of tagets included in the bin / the number of non accretors in the bin / the number of undetected disks in the

bin.
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Fig. 6. Comparison between median and percentiles of the mass accretion rates as a function of disk mass for the Lupus and Upper Scorpius
regions (left), and for the Upper Scorpius region and the expectations from viscous models at 1 Myr and 8 Myr (right).
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Figure 1. GALEX two-color (far-UV and near-UV) images for our five galaxies. The name of each galaxy is listed at the

upper-left corner of each panel. The white bar indicates the 1’ scale for each panel.
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Figure 5. F657N (Ha; left), optical RGB (middle), and IRAC4 (right) images of two outliers in the right panel of Figure 4:

NGC 4395-S 622 (top) and NGC 1313-E 640 (bottom). NGC 4395-S and NGC 1313-E indicate the
numbers are source IDs of the central clusters in the corresponding Adamo et al. (2017) catalogs.

pointings, while the following
The colors of the source IDs

are the same as those of the corresponding points in the right panel of Figure 4. The RGB images are composed of the F275W

(blue), F555W (green), and F814W (red) images. The small red circles and large cyan circles are

the same as Figure 2.

The Age-Dependence of Mid-Infrared Emission Around Young Star Clusters
Zesen Lin'?3, Daniela Calzetti?, Xu Kong!?, A. Adamo*, M. Cignoni® et al.

1 Key Laboratory for Research in Galaxies and Cosmology, Department of Astronomy, University of Science and
Technology of China, Hefei 230026, China; 2 School of Astronomy and Space Sciences, University of Science and
Technology of China, Hefei, 230026, China; 3 Department of Astronomy, University of Massachusetts, Amherst, MA
01003, USA; * Department of Astronomy, Oskar Klein Centre, Stockholm University, AlbaNova University Centre,
SE-106 91 Stockholm, Sweden; ®> Department of Physics, University of Pisa, Largo Pontecorvo, 3, I-56127 Pisa, Italy

E-mail contact: zesenlin at mail.ustc.edu.cn

Using the star cluster catalogs from the Hubble Space Telescope program Legacy ExtraGalactic UV survey (LEGUS)
and 8 um images from the IRAC camera on the Spitzer Space Telescope for 5 galaxies within 5 Mpc, we investigate
how the 8 um dust luminosity correlates with the stellar age on the 30-50 pc scale of star forming regions. We
construct a sample of 97 regions centered at local peaks of 8 um emission, each containing one or more young star
cluster candidates from the LEGUS catalogs. We find a tight anti-correlation with a Pearson correlation coefficient
of r = —0.84 + 0.05 between the mass-normalized dust-only 8 ym luminosity and the age of stellar clusters younger
than 1 Gyr; the 8 um luminosity decreases with increasing age of the stellar population. Simple assumptions on a
combination of stellar and dust emission models reproduce the observed trend. We also explore how the scatter of the
observed trend depends on assumptions of stellar metallicity, PAH abundance, fraction of stellar light absorbed by
dust, and instantaneous versus continuous star formation models. We find that variations in stellar metallicity have
little effect on the scatter, while PAH abundance and the fraction of dust-absorbed light bracket the full range of the
data. We also find that the trend is better explained by continuous star formation, rather than instantaneous burst
models. We ascribe this result to the presence of multiple star clusters with different ages in many of the regions.
Upper limits of the dust-only 8 ym emission as a function of age are provided.

Accepted by ApJ
http://arxiv.org/pdf/2005.02446
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text for more details. The uncertainties in age,, are not plotted in the left panel in order to show the distribution clearly.
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1 0 i Magnetic fields in the early stages of massive star formation as revealed by ALMA
MML Junhao Liu'?3, Qizhou Zhang?, Keping Qiu'?, Hauyu Baobab Liu*, Thushara Pillai®*® et al.
1 School of Astronomy and Space Science, Nanjing University, 163 Xianlin Avenue, Nanjing, Jiangsu 210023, People’s
51 00 i Republic of China; # Key Laboratory of Modern Astronomy and Astrophysics (Nanjing University), Ministry of
,\ o © | Education, Nanjing, Jiangsu 210023, People’s Republic of China; 3 Center for Astrophysics | Harvard & Smithsonian,
§ - - 60 Garden Street, Cambridge, MA 02138, USA; * Academia Sinica Institute of Astronomy and Astrophysics, P.O. Box
S >4.0"1 23-141, Taipei 10617, Taiwan; > Max-Planck-Institut fiir Radioastronomie, Auf dem Hiigel 69, 53121 Bonn, Germany:;
E ! 6 Institute for Astrophysical Research, 725 Commonwealth Ave, Boston University Boston, MA 02215, USA
57.0" : : : :
E-mail contact: kpqiu at nju.edu.cn
4°00'00.0" I We present 1.3 mm ALMA dust polarization observations at a resolution of ~0.02 pc of three massive molecular clumps,
. MM1, MM4, and MMS9, in the infrared dark cloud G28.34+0.06. With the sensitive and high-resolution continuum
' data, MMI1 is resolved into a cluster of condensations. The magnetic field structure in each clump is revealed by the
030" ‘ L O.'l be | polarized emission. We found a trend of decreasing polarized emission fraction with increasing Stokes I intensities
18h42m>52.5s  52.25 >1.9s >1.6s in MM1 and MM4. Using the angular dispersion function method (a modified Davis-Chandrasekhar-Fermi method),
RA (12000 the plane-of-sky magnetic field strength in two massive dense cores, MM1-Corel and MM4-Core4, are estimated to
Seden i contome. The ATALA 1 mim contnuin of thice chmpe vt 150 show n contonme. The contous evee re (15 be ~1.6 mG and ~0.32 mG@G, respectively. The virial parameters in MM1-Corel and MM4-Core4 are calculated to
R E R SRR R e ~0.76 and ~0.37, respectivly, suggesting that massive star formation does ol start in cquilibrium. Using the
of NI Corel and N -Corod in which th polztion dat ar s for the angulr dispersion untion anlysis The s polarization-intensity gradient-local gravity method, we found that the local gravity is closely aligned with intensity
log1o(1/(m)y beam™1)) gradient in the three clumps, and the magnetic field tends to be aligned with the local gravity in MM1 and MM4
0.6 —0.4 —0.2 00 02 04 06 08 1.0 : .. : : ) : :
. . . . . except for regions near the emission peak, which suggests that the gravity plays a dominant role in regulating the gas
;_ collapse. Half of the outflows in MM4 and MM9 are found to be aligned within 10° of the condensation-scale (<0.05
~470300.0%1 MM4 | pc) magnetic field, indicating that the magnetic field could play an important role from condensation to disk scale in
o 0": the early stage of massive star formation. We found that the fragmentation in MM1-Corel cannot be solely explained
] by thermal Jeans fragmentation or turbulent Jeans fragmentation.
10.0" Accepted by AplJ
S f ' http://arxiv.org/pdf/2005.01705
8 150"- -
.
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VLT /SPHERE survey for exoplanets around young, early-type stars including systems
with multi-belt architectures

M. Lombart!?, G. Chauvin'3, P. Rojo*, E. Lagadec® P. Delorme? et al.

1 Unidad Mixta Internacional Franco-Chilena de Astronomia, CNRS/INSU UMI 3386 and Departamento de As-
tronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile; 2 Univ Lyon, Univ Lyonl, Ens de Lyon, CNRS, Centre
de Recherche Astrophysique de Lyon UMR5574, F-69230, Saint-Genis,-Laval, France; > Univ. Grenoble Alpes, CNRS,
IPAG, F-38000 Grenoble, France; * Departamento de Astronomia, Universidad de Chile, Camino El Observatorio
1515, Las Condes, Santiago, Chile; ® Université Cote d’Azur, OCA, CNRS, Lagrange, France

E-mail contact: maxime.lombart at ens-lyon.fr

Dusty debris disks around pre- and main-sequence stars are potential signposts for the existence of planetesimals
and exoplanets. Giant planet formation is therefore expected to play a key role in the evolution of the disk. This
is indirectly confirmed by extant sub-millimeter near-infrared images of young protoplanetary and cool dusty debris
disks around main sequence stars usually showing substantial spatial structures. A majority of recent discoveries
of imaged giant planets have been obtained around young, early-type stars hosting a circumstellar disk. In this
context, we have carried out a direct imaging program designed to maximize our chances of giant planet discovery
and targeting twenty-two young, early-type stars. About half of them show indication of multi-belt architectures.
Using the IRDIS dual-band imager and the IFS integral field spectrograph of SPHERE to acquire high-constrast
coronagraphic differential near-infrared images, we have conducted a systematic search in the close environment of
these young, dusty and early-type stars. We confirmed that companions detected around HIP 34276, HIP 101800 and
HIP 117452 are stationary background sources and binary companions. The companion candidates around HIP 8832,
HIP 16095 and HIP 95619 are determined as background contamination. For stars for which we infer the presence
of debris belts, a theoretical minimum mass for planets required to clear the debris gaps can be calculated . The
dynamical mass limit is at least 0.1 M3 and can exceed 1 Mj. Direct imaging data is typically sensitive to planets
down to ~3.6 My at 1”7, and 1.7 Mj in the best case. These two limits tightly constrain the possible planetary systems
present around each target. These systems will be probably detectable with the next generation of planet imagers.

Accepted by A&A
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Orbital and mass constraints of the young binary system IRAS 16293-2422 A
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We present 3 mm ALMA continuum and line observations at resolutions of 6.5 au and 13 au respectively, toward the
Class 0 system IRAS 16293-2422 A. The continuum observations reveal two compact sources towards IRAS 16293-2422
A, coinciding with compact ionized gas emission previously observed at radio wavelengths (A1 and A2), confirming the
long-known radio sources as protostellar. The emission towards A2 is resolved and traces a dust disk with a FWHM
size of ~12 au, while the emission towards A1 sets a limit to the FWHM size of the dust disk of ~4 au. We also detect
spatially resolved molecular kinematic tracers near the protostellar disks. Several lines of the J = 5 — 4 rotational
transition of HNCO, NH>,CHO and t-HCOOH are detected, with which we derived individual line-of-sight velocities.
Using these together with the CS (J = 2 — 1), we fit Keplerian profiles towards the individual compact sources and
derive masses of the central protostars. The kinematic analysis indicates that A1 and A2 are a bound binary system.
Using this new context for the previous 30 years of VLA observations, we fit orbital parameters to the relative motion
between Al and A2 and find the combined protostellar mass derived from the orbit is consistent with the masses
derived from the gas kinematics. Both estimations indicate masses consistently higher (0.5 < M; < My < 2 Mg)
than previous estimations using lower resolution observations of the gas kinematics. The ALMA high-resolution data
provides a unique insight into the gas kinematics and masses of a young deeply embedded bound binary system.
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Figure 1. ALMA High angular resolution images of the multiple protostellar system IRAS 16293. Left: 3 mm continuum
observations showing the triple nature of IRAS16293. Source B to the north, hosts a single protostar, embedded within a 40
au across close to face-on disk-like structure. The flux from the two compact 3 mm sources to the south remain significant
after removing contamination from free-free, unambiguously confirming the radio sources Al and A2 as a binary protostellar
system. Right: Zoom-in view towards source A. The bright and compact (major axis <12 au) sources, separated by 54 au,
likely correspond to two individual circumstellar disks. Extended dust structures surrounding the circumstellar disks are also

revealed.
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Figure 7. Motions of A1 and A2 over a 30 year period. All observations prior to 2017 correspond to VLA observations recently
compiled in Herndndez-Goémez et al. (2019), and in which by visual inspection the two sources were resolved and free from ejecta
contamination. Left: Absolute motions of Al and A2 overlaid on the ALMA 3 mm observation. Right: Relative motions of Al
with respect to A2 overlaid on the ALMA 3 mm observation. When errors are not visible, it is because they are smaller than
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Fig. 1. Herschel/SPIRE (Spectral and Photometric Imaging REceiver)
350 um image towards the IRDC G304.74+01.32 (the Seahorse IRDC)
and its surroundings. The image is displayed using a non-linear (log-
arithmic) stretch to improve the visibility of the faint, extended dust
emission. There appear to be dusty striations on the western side of the
Seahorse filament. A scale bar of 3 pc projected length is shown in the
bottom left corner.
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What did the seahorse swallow? APEX 170 GHz observations of the chemical conditions
in the Seahorse infrared dark cloud

Oskari Miettinen!
1 Academy of Finland, Hakaniemenranta 6, P.O. Box 131, FI-00531 Helsinki, Finland
E-mail contact: oskari.miettinen at aka.fi

Context. Infrared dark clouds (IRDCs) are useful target sources for the studies of molecular cloud substructure
evolution and early stages of star formation. Determining the chemical composition of IRDCs helps to constrain the
initial conditions and timescales (via chemical clocks) of star formation in these often filamentary, dense interstellar
clouds.

Aims. We aim to determine the fractional abundances of multiple different molecular species in the filamentary IRDC
G304.74+4-01.32, nicknamed the Seahorse IRDC, and to search for relationships between the abundances and potential
evolutionary trends.

Methods. We used the Atacama Pathfinder EXperiment (APEX) telescope to observe spectral lines occurring at about
170 GHz frequency towards 14 positions along the full extent of the Seahorse filament. The sample is composed of five
clumps that appear dark in the mid-IR, eight clumps that are associated with mid-IR sources, and one clump that
is already hosting an Hir region and is, hence, likely to be in the most advanced stage of evolution of all the target
sources. We also employed our previous 870 pum dust continuum imaging data of the Seahorse.

Results. Six spectral line transitions were detected (> 30) altogether, namely, SO(N; = 44 — 33), HI3CN(J =2 — 1),
HB3COT(J =2 —1), SiO(J =4 —3), HN*C(J = 2 - 1), and CoH(N = 2 — 1). While SO, H*CO™, and HN!3C
were detected in every source, the detection rates for CoH and H¥CN were 92.9% and 85.7%, respectively. Only one
source (SMM 3) showed detectable SiO emission (7.1% detection rate). Three clumps (SMM 5, 6, and 7) showed the
SO, HI3CN, H3CO™, HN'3C, and C,H lines in absorption. Of the detected species, CoH was found to be the most
abundant one with respect to Hy (a few times 107° on average), while HN'*C was found to be the least abundant
species (a few times 10711). We found three positive correlations among the derived molecular abundances, of which
those between CoH and HN'3C and HN'3C and H?CO™ are the most significant (correlation coefficient r ~ 0.9).
The statistically most significant evolutionary trends we uncovered are the drops in the CoH abundance and in the
[HN!3C]/[H!3CN] ratio as the clump evolves from an IR dark stage to an IR bright stage and then to an Hir region.

Conclusions. The absorption lines detected towards SMM 6 and SMM 7 could arise from continuum radiation from
an embedded young stellar object and an extragalactic object seen along the line of sight. However, the cause of
absorption lines in the IR dark clump SMM 5 remains unclear. The correlations we found between the different
molecular abundances can be understood as arising from the gas-phase electron (ionisation degree) and atomic carbon
abundances. With the exception of H¥*CN and H'3COT, the fractional abundances of the detected molecules in the
Seahorse are relatively low compared to those in other IRDC sources. The [CoH| evolutionary indicator we found
is in agreement with previous studies, and can be explained by the conversion of CoH to other species (e.g. CO)
when the clump temperature rises, especially after the ignition of a hot molecular core in the clump. The decrease of
[HN13C]/[H!*CN] as the clump evolves is also likely to reflect the increase in the clump temperature, which leads to
an enhanced formation of HCN and its 13C isotopologue. Both single-dish and high-resolution interferometric imaging
of molecular line emission (or absorption) of the Seahorse filament are required to understand the large-scale spatial
distribution of the gas and to search for possible hot, high-mass star-forming cores in the cloud.
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