7. ALMAQOSs view of the M-dwarf GSC 07396-007590s edge-on debris disc: AU MicOs coeval twin

Patrick F. Cronin-Coltsmann, Grant M. Kennedy, Christian Adam, Quentin Kral, Jean-Franeois Lestrade, Sebastian Marino, Luca Matr",
Simon J. Murphy, Johan Olofsson, Mark C. Wyatt

8. Scattering and sublimation: a multi-scale view of Im-sized dust in the inclined disc of HD 145718

Claire L. Davies, Evan A. Rich, Tim J. Harries, John D. Monnier, Anna S. E. Laws, Sean M. Andrews, Jaehan Bae, David J. Wilner,
Narsireddy Anugu, Jacob Ennis, Tyler Gardner, Stefan Kraus, Aaron Labdon, Jean- Baptiste le Bouquin, Cyprien Lanthermann, Gail H.
Schaefer, Benjamin R. Setterholm, Theo ten Brummelaar

9. Do the majority of stars form as gravitationally unbound?
Frantilek Dinnbier, Pavel Kroupa, Richard |. Anderson

10. Successive deuteration in low-mass star-forming regions: the cagensddtbanol (CHR2OH) in IRAS 16293-2422
Maria N. Drozdovskaya, Laurent H. Coudert, Laurent Margules, Audrey Coutens, Jes K. Jirgensen, SZbastien Manigand

11. The impact of cosmic-ray attenuation on the carbon cycle emission in molecular clouds
Brandt A. L. Gaches, Thomas G. Bisbas, Shmuel Bialy

12.Importance of source structure on complex organics emission. |. Observation3@HGtdmM low-mass to high-mass protostars

M. L. van Gelder, P. Nazari, B. Tabone, A. Ahmadi, E. F. van Dishoeck, M. T. Beltrtn, G. A. Fuller, N. Sakal,
c. Sinchez-Monge, P. Schilke, Y. -L. Yang, Y. Zhdng



ALMAQOs view of the M-dwarf GSC 07396-007590s edge-on debris disc: AU MicOs coeval twin
Patrick F. Cronin-Coltsmanh2 O Grant M. Kennedy.2 Christian Adan® Quentin Kral4 Jean-Franeois Lestrade,

Sebastian Marin®, 7 Luca Matr~8,9 Simon J. MurphytO Johan Olofssol,12Mark C. Wyat¥

~AOa&® k(4% wzcU wC &

~"- " #BOE

~ 1JDtK"1.

~. EXBSG w k
~NN¥%pAxz BVtSMo'8).
Up‘XG\pVh
~$0xUZpVsTIh{

BViwA”a

o 437 0.5
1te€
N
” 0.4
d +2 R
=
>
e +17 O
D =
h & )
Q O” b
2 Z
A S
_1” a
=
ad
gI( _279
Nt
h _3”
’n. +3’9 +2” +1’9 O” _19’ _2,9 _39’
Of RA Offset

mHigure 1. Naturally-weightedcLean image of the disc around GSC 07396-
00759. The ellipse in the lower left corner shows the beam size of
0.68x0.55’. The star is not detected. At a distance of 71.4 pc the appar-

€3nt disc radius is-70au. Contours are drawn alo,40,60,80,100
with Lo~ = 40uJy beam!. The Gaia location of the star is marked with at
27335031.2°0.26 mas—32°46011.09'0.20mas. Zero fset is the ALMA
image phase centre at Z85031.332°46010.9" (J2000).
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Fig. 1.N ALMA image of the 1.3 mm continuum emission from AU Mic. The ellips in the
WelaUto oUzZU Z<wli’A lower left corner represents the'®0 x 0:69 (8 x 7 AU) synthesized beam.
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Upx T mT'sTIh{ A planet within the debris disk around the
WoSI[h)ESTDIFMw"® px  mTlh pre-main-sequence star AU Microscopli

AU Microscopii (AU Mic) is the second closest pre-main-sequence star, at a distance of

WS e p 7 sSWT % MWT*K"MxiU Rw® P U y MwWT e 9.79parsecs and with an age of 22million years *. AU Mic possesses a relatively rare
and spatially resolved ° edge-on debris disk extending from about 35 to 210
astronomical units from the star _“, and with clumps exhibiting non-Keplerian

wWwTUFMMBS FODPVOUFS QIPUPFWBQPSBUJPO TUFMM %&onxaﬂlﬂeaior{c‘)f”n&@ljdf%d planets around such a star is challenged by the

W “sr<R Q 'eO0M?” { presence of spots, plage, " ares and other manifestations of magnetic OactivityO on the
star®®. Here we report observations of a planet transiting AU Mic. The transiting
planet, AU Mic b, has an orbital period of 8.46 days, an orbital distance of

W. UWAO&a& kwE "x"6 .JDilh{ 0.07 lastronomical units, a radius of 0.4 WJupiter radii, and a mass of less than 0.18
Jupiter masses at 3 con#dence. Our observations of a planet co-existing with a debris
disk o$er the opportunity to test the predictions of current models of planet
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formation and evolution.
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Fig. 1. New disk detected around GSC 07396—-00759. IRDIS 5 modes PCA of H2H3 images rescaled to stellar flux before (top) and after (bottom)
the subtraction of the most contaminant stars, identified with star-like points in the upper figure. The gray-shaded region in the center corresponds
to the SPHERE coronagraph. The dash-dotted line is parallel to the disk semi-major axis and crosses GSC 07396—-00759. The bright background
objects are masked behind star-shaped regions in the upper image.
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Fig. 1. SPHERE/IRDIS polarimetric imaging observations of GSC 07396-00759. Sfrownleft to rightare the total intensity,; (log stretch)
and theQ, andU, images (both in linear stretch). Tiig andU, images were convolved with a Gaussian point spread functien2pixel) to
increase the visibility in this plot. The coronagraphic mask is indicated by the green circular region in each panel. North is to the top and «
the left in each panel. It should be noted that the disk is not visible in the total intensity image (left panel). The structure appearing to exten
the NW to the SE is a point spread function artifact.



W/ 8q4d4&p

. -

| W +

a 437 Separation (au)
Ite —250-200-150-100—-50 O 50 100 150 200 250
N o SE Side NW Side
1d — 04
= =
S S
e +17 s é)
5! = 0.2
hg g 2
S 0 > ~
D g § 0.0
A & =0
17 a
5
LLi ! I T T T T T
o —4 —3 —2 —1 0 1 2 3 4
Jle Separation (arcsec)
Nt
ho 3 | | o |
s ; s s s ; Figure 2. Proble of the disc along its major-axis; the 3ux of the centre pi»
n. +3 +2 +1 0 -1 -2 along the disc major-axis is plotted in green, blue swathes show the RMS
Of RA Offset a Gaussian with the same FWHM as the beam is plotted in orange at the |

radial Bux. Zero separation is the best btting model centre fi&m ©

1nHigure 1. Naturally-weighted-LEan image of the disc around GSC 07396-
00759. The ellipse in the lower left corner shows the beam size of
0.68x0.58’. The star is not detected. At a distance of 71.4 pc the appar-
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Figure 6. . Comparison of GSC 07396-007590s disc as imaged in ALMA Band 7Zith4 o, 60, 80, 100~ contours (top, aligned with model centre at
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Figure 7. Comparative brightness probles of the ALMA Band 7 ar
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Scattering and sublimation: a multi-scale view ofl m-sized dust in the
Inclined disc of HD 145718
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Figure 2. Annotated J - (top) and H -band (bottom) Stokes Q4 images high
lighting the main features Ey, Dy, Dy, Ey, and Ag (see Section 3.1.1 fol
details). The IWA of the coronographic mask is indicated by the black ring
in the centre of the image.

Table 1. Results of our geometric modelling of the isophotes of thée' -
and# -band$ -~ images. Column 1: isophote surface brightness; colu
2, 3 and 4. elliptical ring radius, inclination, and position angle; columi
height of the scattering surface above the disc midplane at ré@ius

! | % &. PA ' Scat(%
(mJy /arcse®) (au) () ¢) (au)
@ ) 3 4) 5)
" -band
0.70 714195 681126 "0.7:93 95104
0.75 710:88 68.3?8-3 " o.5r8-'§1 9.61‘2-’3
0.80 707r8{g 68.2ﬁ“§-:; " o.erg-j 9.810%
0.85 695?8-.8 67.1:07  "o.uyd 103193
0.90 sa18? 66908 -0691 10 8.T§-§
0.95 669r8{8 67.7t§{3 " o.1r§-§ 9.2108
1.00 666r838 68.4r§-§ o.3r§-§ 9.0:838
1.05 660t§-§ 6907, 0605 8.5#%g
1.10 654r8; ; 68.6r8-_8 0.2:8-_ s 8.81833
1.15 64708 686100  0.2:05 9.4 -?
1.20 636T§~§ 67.8T§-§ 0.1f§§ 9.4T§-§
. . 0. .
1.25 629:%95  67.890 02103 0.407
# -band
0.80 71693 67.819¢ "0.112%3  8.0:25
0.85 713r8-"?1 68605 0892 8303
0.90 7o4r8-'j‘1 600105 - o.7r8-§ 7.7:@%
0.95 70088 68688 v 10103 8.0:94
1.00 6asd®  eg50E - 1.0r8-"§’1 8.3:04
1.05 694r8-'§f1 606105  0.6102 7.8T8:‘:‘11
1.10 683r8-'j 604105  0.3:02 7.7:8-"}1
1.15 682r8-'j 60408 0202 7.7:8-'g
1.20 67.5r8-'j 60408 03032 7.7:8-'g
1.25 67.5r8-'§‘1 68805 0502 g30d
1.30 667t8-'j 683108 06102 8.5?8-'?l
1.35 656r§{3 69.9r§-§ " o.2r§-§ 6.9:%%
1.40 654r8;j 70'2T8"§ " O'lr8"2 7.0:8; p
1.45 651109 70'7T8'-8 " o.zrg-g 6.8:02
1.50 646:09  70510°%  "0.4105  7.000%
1.55 64 5r8-'j 70498 w0507 7 1:8-'j
1.60 638r8-'j 606:07 0603 7.7
1.65 628r8-'j 69.0.?855 0603 7.8:08
1.70 623r§{§ 7o.or§{§ " o.7t§-§ 7.or§f§
1.75 621705 700055 "0.6703 7.0
1.80 619t§-'j 70.0r§-§ " o.erg-g 7.0:%-2
.5 . " . .
1.85 616:95  69.8708 0703 71307

(! -band) or'( < 0.80 mJy arcsec (# -band) were not used as th
did not su ciently trace the apexes of the ellipse. Limiting the rau
of " ( isophotes used in this way results in a limited range of (

radii (and therefor&sca%) being explored.
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Do the majority of stars form as gravitationally unbound?

Franti !ek Dinnbier, Pavel Kroupa, Richard I. Anderson ' Some of the youngest stars (age" 10 Myr) are clustered,
while many others are observed scattered throughout star forming regions or in complete isolation. It has been intensively
debated whether the scattered or isolated stars originate in star clusters, or if they form truly isolated, which could help
constrain the possibilities how massive stars are formed. We adopt the assumption that all stars form in gravitationally bound
star clusters embedded in molecular cloud cores {( -1 model), which expel their natal gas, and compare the fraction of stars
found in clusters with observational data. The star clusters are modelled by the code nbody6, which includes stellar and
circumbinary evolution, gas expulsion, and the external gravitational beld of their host galaxy. We bnd that small changes in
the assumptions in the current theoretical model estimating the fraction, !, of stars forming in embedded clusters have a large
InRuence on the results, and we present a counterexample as an illustration. This calls into question theoretical arguments
about ! In embedded clusters, and it suggests that there is no brm theoretical ground for low ! in galaxies with lower star
formation rates (SFRs). Instead, the assumption that all stars form in embedded clusters is in agreement with observational
data for the youngest stars (age"” 10 Myr). Inthe ! -1 scenario, the observed fraction of the youngest stars in clusters increases
with the SFR only weakly; the increase is caused by the presence of more massive clusters in galaxies with higher SFRs, which
release fewer stars to the beld in proportion to their mass. The ! -1 model yields a higher fraction of stars in clusters for older
stars (age between10 and 300 Myr) than what is observed. This discrepancy can be caused by interactions with molecular
clouds.
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Successive deuteration in low-mass star-forming regions: the case of D,-methanol

(CHD,OH) in IRAS 16293-2422

Maria N. Drozdovskaya, Laurent H. Coudert, Laurent Margulés, Audrey Coutens, Jes K. Jgrgensen, Sébastien
Manigand ! Accurate quantibcation of the column density of di-deuterated methanol is a key missing puzzle piece in the
otherwise thoroughly constrained family of D-bearing methanol in the deeply embedded low-mass protostellar system and
astrochemical template source IRAS16293-2422. A spectroscopic dataset for astrophysical purposes is built for CHD,OH and
made publicly available to facilitate accurate characterization of this species in astrochemical surveys. The newly computed line
list and partition function are used to search for CHD >, OH towards IRAS16293-2422 A and B in data from ALMA-PILS. Only
non-blended, optically thin lines of CHD >,OH are used for the synthetic spectral btting. The constructed spectroscopic database
contains line frequencies and strengths for 7417 transitions in the 0 to 500 GHz frequency range. ALMA-PILS observations in
the 329-363 GHz range are used to identify 105 unique, non-blended, optically thin line frequencies of CHD,OH for synthetic
spectral btting. The derived excitation temperatures and column densities yield high D/H ratios of CHD ,OH in IRAS 16293-
2422 A and B of 7.5t 1.1not higher than in other low-mass star-forming regions. Di-deuterated molecules consistently have higher
D/H ratios than their monodeuterated counterparts in all low-mass protostars, which may be a natural consequence of H-D
substitution reactions as seen in laboratory experiments. The Solar SystemOs natal cloud, as traced by comet 67P/Churyumov-
Gerasimenko, may have had a lower initial abundance of D, been warmer than the cloud of IRAS16293-2422, or been partially
reprocessed. In combination with accurate spectroscopy, a careful spectral analysis, and a consideration of the underlying
assumptions, successive deuteration is a robust window on the physicochemical provenance of star-forming systems.
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The impact of cosmic-ray attenuation on the carbon cycle emission in molecular clouds

Brandt A. L. Gaches, Thomas G. Bisbas, Shmuel Bialy | Observations of the emission of the carbon cycle species (C,
C+ CO) are commonly used to diagnose gas properties in the interstellar medium but are signibcantly sensitive to the cosmic-ray
lonization rate. The carbon-cycle chemistry is known to be quite sensitive to the cosmic-ray ionization rate, !, controlled by
the RBux of low-energy cosmic rays which get attenuated through molecular clouds. However, astrochemical models commonly
assume a constant cosmic-ray ionization rate in the clouds. We investigate the e! ect of cosmic-ray attenuation on the emission of
carbon cycle species from molecular clouds, in particular the [CII] 158 pum, [CI] 609 um and CO (J =1 -0) 115.27 GHz lines. We
use a post-processed chemical model of diuse and dense simulated molecular clouds and quantify the variation in both column
densities and velocity integrated line emission of the carbon cycle with di! erent cosmic-ray ionization rate models. We bnd
that the abundances and column densities of carbon cycle species is signibPcantly impacted by the chosen cosmic-ray ionization
rate model: no single constant ionization rate can reproduce the abundances modelled with an attenuated cosmic-ray model.
Further, we show that constant ionization rate models fail to simultaneously reproduce the integrated emission of the lines we
consider, and their deviations from a physically derived cosmic-ray attenuation model is too complex to be simply corrected.
We demonstrate that the two clouds we model exhibit a similar average Av e« D ny relationship, resulting in an average
relation between the cosmic-ray ionization rate and density !(ny). We conclude by providing a number of implementation
recommendations for CRs in astrochemical models, but emphasize the necessity for column-dependent cosmic-ray ionization
rate prescriptions.
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