2. The Distinct Evolutionary Nature of two Class O Protostars in Serpens Main SMM4

Yusuke Aso, Hirano Naomi, Yuri Aikawa, et al.
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Figure 1. Continuum emission map of SMM4A and
SMM4B. Contour levels are 3,6,12,24,... X o, where lo
corresponds to 0.1 mJy beam™. The color map shows
brightness temperature in the unit of K. Yellow plus signs
and lines denote two peak positions and major axes derived
from 2D Gaussian fitting. Yellow circle denotes ALMA pri-
mary beam (FWHM~ 27”). A blue-filled ellipse at the
bottom-left corner denotes the ALMA synthesized beam;
0757 x 0746, P.A. = —85°.
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Figure 8. (a) Integrated intensity maps of blue- and redshifted components of the 2CO emission. The integrated velocity
range is 15 km s < |V ! Vgs| < 50 km s . Contour levels are from 3! to 24! in steps of 3 and then in steps of 6!,

where 1! corresponds to 38 mJy bean * km s' 1. The black dashed curve traces peaks of the integrated intensity maps. (b)
Position-velocity diagram along the curve shown in panel (a). Contour levels are 2 2,4,4 2,8...# !, where 1! corresponds
to 2.6 mJy beam' 1. Color also shows the same PV diagram in logarithmic scale. The rectangular frame denotes the velocity
range [V I Vgys| < 15 km ¢ . Solid and dashed lines trace Hubble-law motions derived by visual inspection; solid (dashed)
lines are considered to be a pair (see the text in more detail). (c) Momentum probles along the dashed and solid lines shown in
panel (b). The width of cut is 0 .55" (1 beam) along the positional direction. Blue and red lines show the probles of the blue-
and redshifted components, respectively. Circles signs denote mean momenta and B lengths (positions) (see the text in more

detail).
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Figure 11. Map of C'®0O abundance estimated from the
observed C'®*O and continuum emission. Coordinates are
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5. Synthetic C'80 observations of fibrous filaments: the problems of mapping from PPV to PPP

S. D. Clarke, A. P. Whitworth, R. L. Spowage, et al.
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Figure 2. On the left, the integrated intensity map of the C 180 emission, with black dots showing the location of the bve spectra
displayed on the right. Four of the Pve spectra show multiple velocity components (as shown in Section 4.1 and Fig. 5).
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Figure 7. A 3D plot showing the velocity centroids of the velocity components in PPV space, colour coded to show the individual groups

Figure 8. The lefthand frames display the same Pve spectra presented in Fig. 2, and the righthand frames display the density probles along
identified using the friends-of-friends algorithm. The structures are generally filamentary and resemble the fibres in Hacar et al. (2013)

the corresponding lines-of-sight. The coloured bars identify the ranges contributing to the di fferent velocity components ( v, + 1.150_).
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Figure 10. A 3D plot showing the sub-filaments found
[n the bottom panel the colour shows the line-
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-of-sight velocity from the simulation

, the different sub-filaments are colour coded.
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6. Water and interstellar complex organics associated with the HH 212 protostellar disc
C. Codella, E. Bianchi, B. Tabone, et al.
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Fig. 1. Left panel: HH 212 protostellar system as observed by ALMA-Band 7 during Cycle 1. Blue and red contours plot the blue- Visg (km s 1) Visr (km s 1) Vigg (km s™) Visg (km s™)

and red-shifted SiO(8-7) jet and the C3*S(7-6) asymmetric cavity (magenta and green contours) overlaid on the continuum at 0.9
mm (white contours). Positions are given with respect to the coordinates of the MM1 protostar, reported in Sect. 2. The filled
ellipse shows the synthesised beam (HPBW) for the continuum: 0736 x 0728 (-62°). The beam for the SiO and C4S images is
0743 x 0”733 (~64°). First contours and steps for the continuum are are 5o- (1.5 mJy beam ~') and 600, respectively. For SiO, the
first contours and steps are 50" and 250, respectively: the blue map has been obtained by integrating down to —21 km s™" (1o =
29 mJy beam ~' km s7!), and the red map collects emission up to +12 km s™! (1o~ = 23 mJy beam ~! km s"). The C**S map has
been obtained by integrating the velocities from -1 km s~! to +1 km s~! with respect to the systemic velocity vy, = +1.7 km s~!
(Lee et al. 2014): the first contour and steps are 5o (10 mJy beam ~! km s~!) and 30, respectively. Central panels: Zoom-in of the
central region as observed by ALMA Band 7 Cycle 1: CH3;CHO(18, 17-17;,16)E and CH3CHO(184,5—174,14)A emission integrated
over +5 km s~ with respect to vy, (black contours). The first contours and steps are 30" (18 mJy beam ~' km s™'). The HPBWs
are 0741 x 033 (-64°) for CH3CHO(18, 17—17},16)E, and 0744 x 033 (-63°) for CH3CHO(18,,15—174,4)A. The black triangle
shows the MM coordinates, and the tilted cross indicates the directions of the jet and of the equatorial plane. Right panels: Further
zoom-in of the central region, as observed by ALMA Band 7 Cycle 4, showing the HDO(33 14, ), CH;CHO(18,15—17¢.17)E,
and CH3;CHO(18¢,15—170,17)A. The emission was integrated over 10 km s~! around v,y (upper panels; black contours). The first
contours and steps are 30" (14 mJy beam ~! km s™!). The HPBW is 0715 x 0”12 (PA = -88°). The corresponding first-moment maps
are reported in colour scale in the lower panels. Contours are from 0 km s™" to +4 km s™" in steps of 0.5 km s™'.
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Di! use X-ray emission in the Cygnus OB2 association

J.F. Albacete Colombo !, J.J. Drake 2, E. Flaccomio 3, N.J. Wright 4, V. Kashyap 2, M.G. Guarcello 3,
K. Briggs °, J.E. Drew ©, D.M. Fenech 7, G. Micela 3, M. McCollough 2, R.K. Prinja 7, N. Schneider 8, S.
Sciortino 2, J.S. Vink °

We present a large-scale study of diuse X-ray emission in the nearby massive stellar association Cygnus OB2 as pe
of the Chandra Cygnus OB2 Legacy Program. We used 40 Chandra X-ray ACIS-I observations covering1.0 ded.

After removing 7924 point-like sources detected in our survey, background-corrected X-ray emission, the adapti
smoothing reveals large-scale tliuse X-ray emission. DI use emission was detected in the sub-bands Soft [0.5 : 1.
and Medium [1.2 : 2.5], and marginally in the Hard [2.5 : 7.0] keV band. From X-ray spectral analysis of stacke
spectra we compute a total [0.5D7.0 keV] diuse X-ray luminosity of Ld'" " 4.2# 10° erg 8 1, characterized with plasma
temperature components at kKT* 0.11, 0.40 and 1.18 keV, respectively. The Habsorption column density corresponding
to these temperatures has a distribution consistent with Ny = 0.43, 0.80 and 1.3% 10°? cm' 2. The extended medium
band energy emission likely arises from O-type stellar winds thermalized by wind-wind collisions in the most populate
regions of the association, while the soft band emission probably arises from less energetic termination shocks aga
the surrounding Interstellar-Medium. Super-soft and Soft dil use emission appears more widely dispersed and inten
than the medium band emission. The di use X-ray emission is generally spatially coincident with low-extinction
regions that we attribute to the ubiquitous infBuence of powerful stellar winds from massive stars and their interaction
with the local Interstellar-Medium. Di ! use X-ray emission is volume-Pblling, rather than edge-brightened, oppositel
to other star-forming regions. We reveal the brst observational evidence of X-ray haloes around some evolved mass
stars.

E! ect of stochastic grain heating on cold dense clouds chemis  try
Long-Fei Chen 12, Qiang Chang !, Hong-Wei Xi 23

The temperatures of dust grains play important roles in the chemical evolution of molecular clouds. Unlike large
grains, the temperature Ructuations of small grains induced by photons may be signibcant. Therefore, if the grait
size distribution is included in astrochemical models, the temperatures of small dust grains may not be assumed t
be constant. We simulate a full gas-grain reaction network with a set of dust grain radii using the classical MRN
grain size distribution and include the temperature Ructuations of small dust grains. Monte Carlo method is used
to simulate the real-time dust grainOs temperature RBuctuations which is caused by the external low energy photor
and the internal cosmic ray induced secondary photons. The increase of dust grains radii as ice mantles accumula
on grain surfaces is also included in our models. We found that surface GQOabundances in models with grain size
distribution and temperature Ructuations are more than one order of magnitude larger than those with single grain
size. Small amounts of terrestrial complex organic molecules (COMs) can also be formed on small grains due to tt
temperature spikes induced by external low energy photons. However, cosmic ray induced secondary photons overhe
small grains so that surface CO sublime and less radicals are formed on grains surfaces, thus the production of surfe
CO, and COMs decreases by about one order of magnitude. The overheating of small grains can beset by grain
growth so that the formation of surface CO, and COMs becomes more 'ecient.



The role of multiple giant impacts in the formation of the Eart h-Moon system
Robert I. Citron !, Hagai B. Perets 2, and Oded Aharonson 3

The Earth-Moon system is suggested to have formed through a single giant collision, in which the Moon accreted fror
the impact-generated debris disk. However, such giant impacts are rare, and during its evolution the Earth experience
many more smaller impacts, producing smaller satellites that potentially coevolved. In the multiple-impact hypothesis
of lunar formation, the current Moon was produced from the mergers of several smaller satellites (moonlets), each
formed from debris disks produced by successive large impacts. In the Myrs between impacts, a pre-existing moonlet
tidally evolves outward until a subsequent impact forms a new moonlet, at which point both moonlets will tidally
evolve until a merger or system disruption. In this work, we examine the likelihood that pre-existing moonlets survive
subsequent impact events, and explore the dynamics of Earth-moonlet systems that contain two moonlets generated
Myrs apart. We demonstrate that pre-existing moonlets can tidally migrate outward, remain stable during subsequent
impacts, and later merge with newly created moonlets (or re-collide with the Earth). Formation of the Moon from the
mergers of several moonlets could therefore be a natural byproduct of the Earth’s growth through multiple impacts.
More generally, we examine the likelihood and consequences of Earth having prior moons, and find that the stability of
moonlets against disruption by subsequent impacts implies that several large impacts could post-date Moon formation.

The many-faceted light curves of young disk-bearing stars in Upper Sco and p Oph
observed by K2 Campaign 2

Ann Marie Cody' and Lynne A. Hillenbrand?

The K2 Mission has photometrically monitored thousands of stars at high precision and cadence in a series of ~80-
day campaigns focused on sections of the ecliptic plane. During its second campaign, K2 targeted over 1000 young
stellar objects (YSOs) in the ~1-3 Myr p Ophiuchus and 5-10 Myr Upper Scorpius regions. From this set, we
have carefully vetted photometry from WISE and Spitzer to identify those YSOs with infrared excess indicative of
primordial circumstellar disks. We present here the resulting comprehensive sample of 288 young disk-bearing stars
from B through M spectral types and analysis of their associated K2 light curves. Using statistics of periodicity
and symmetry, we categorize each light curves into eight different variability classes, notably including “dippers”
(fading events), “bursters” (brightening events), stochastic, and quasi-periodic types. Nearly all (96%) of disk-bearing
YSOs are identified as variable at 30-minute cadence with the sub-1% precision of K2. Combining our variability
classifications with (circum)stellar properties, we find that the bursters, stochastic sources, and the largest amplitude
quasi-periodic stars have larger infrared colors, and hence stronger circumstellar disks. They also tend to have larger
Ha equivalent widths, indicative of higher accretion rates. The dippers, on the other hand, cluster toward moderate
infrared colors and low Ha. Using resolved disk observations, we further find that the latter favor high inclinations,
apart from a few notable exceptions with close to face-on disks. These observations support the idea that YSO time
domain properties are dependent on several factors including accretion rate and view angle.



A Near-IR Spectroscopic Survey of FU Orionis Objects
Michael S. Connelley'? and Bo Reipurth!

We have conducted a homogenous near-IR spectroscopic survey of 33 objects with varying degrees of similarity to
FU Orionis. Common spectroscopic features that are characteristic of the three classical FUors FU Ori, V1057 Cyg,
and V1515 Cyg are: strong CO absorption, weak metal absorption, strong water bands, low gravity, strong blue shifted
He I absorption, and few (if any) emission lines. Based on these criteria, we classify the 33 objects as either bona
fide FUors (eruption observed), FUor-like objects (eruption not observed), or peculiar objects with some FUor-like
characteristics, and present a spectral atlas of 14 bona-fide FUors, 10 FUor-like objects, and 9 peculiar objects. All
objects that we classify as FUors or FUor-like have very similar near-IR spectra. We use this spectral similarity to
determine the extinction to each source, and correlate the extinction to the depth of the 3 um ice band. All bona fide
FUors still today maintain the spectrum of a FUor, despite the eruption occurring up to 80 years ago. Most FUors
and FUor-like objects occupy a unique space on a plot of Na+Ca vs. CO equivalent widths, whereas the peculiar
objects tend to be found mostly elsewhere. Since most FUors show a reflection nebula, we also present an atlas of
K-band images of each target. We found that the near-IR spectra of FUors and young brown dwarfs can be extremely
similar, a distinguishing feature being the Paschen 8 absorption in the spectra of FUors. Although V1647 Ori, AR 6a,
and V346 Normae had been previously classified as candidate FUors, we classify them as peculiar objects with some
FUor-like properties since their spectra now differ significantly from bona fide FUors. We confirm two new FUor-like
objects that were initially identified as candidates based on their near-IR morphology.

Spiral Arms in Disks: Planets or Gravitational Instability?
Ruobing Dong 1!, Joan R. Najita 2 and Sean Brittain 32

Spiral arm structures seen in scattered light observations of protoplanetary disks can potentially serve as signpos
of planetary companions. They can also lend unique insights into disk masses, which are critical in setting the ma:
budget for planet formation but are di! cult to determine directly. A surprisingly high fraction of disks that have been
well-studied in scattered light have spiral arms of some kind (8/29), as do a high fraction (6/11) of well-studied Herbig
intermediate mass stars (i.e., Herbig stars> 1.5M+ ). Here we explore the origin of spiral arms in Herbig systems by
studying their occurrence rates, disk properties, and stellar accretion rates. We bnd that two-arm spirals are mor
common in disks surrounding Herbig intermediate mass stars than are directly imaged giant planet companions t
mature A and B stars. If two-arm spirals are produced by such giant planets, this discrepancy suggests that giar
planets are much fainter than predicted by hot start models. In addition, the high stellar accretion rates of Herbig stars,
if sustained over a reasonable fraction of their lifetimes, suggest that disk masses are much larger than inferred fra
their submillimeter continuum emission.As a result, gravitational instability is a possible explanation for multi-arm
spirals. Future observations can lend insights into the issues raised here.



Herschel spectral-line mapping of the HH211 protostellar system

Odysseas Dionatos !, Tom Ray 2 and Manuel Gudel ‘!

In this paper we employ extended spectral-line maps that spatially resolve regions where diverse excitation proces
appear to dominate. Studying the morphology and excitation of the most important molecular and atomic coolants
we aim to constrain the physical conditions around the embedded protostellar system HH 211-mm.
Spectro-imaging observations with Herschel/PACS provide emission from major molecular (CO, kO and OH) and
atomic coolants (e.g. [Ol]). Emission line maps reveal the morphology of the observed emissions and allow associati
between the di erent species. Comparisons are also made with mid-infrared line-maps from Spitzer and sub-n
interferometers. The excitation conditions of the detected molecular species along with the ortho-to-para ratio c
water are assessed through Boltzmann diagrams. Further investigations focus on constraining the CO/Hratio in
shocks and the mass RBux of the atomic jet as traced by [Ol]. We bnd that molecular lines are exited mainly at th
terminal bowshocks of the out3ow and around the position of the protostar. All lines show maxima at the SE bowshoc
with the exception of water emission that peaks around the central source. Excitation analysis in all positions show
that CO and H,O are mainly thermally excited at Tex ! 350K and 90K respectively, with the CO showing a seconi
temperature component at 750K towards the SE peak. Excitation analysis breaks down in the case of OH at tF
blue-shifted bowshock, indicating that the molecule is non-thermally excited. Comparisons between the CO and
column densities suggest that theX [CO] value in shocks can be up to an order of magnitude lower than the canonici
value of 10 4. The water ortho-to-para ratio around the protostar is only 0.65, indicating low-temperature water
ice formation followed by non-distructive photodesorption from the dust grains. The two-sided total atomic mass
Rux estimated from the [Ol] jet sums to 1.65 10 ¢ M. yr' 1, a value that is very close to the mass Rux previously
estimated for the SiO jet and the H, outBow. We conclude that the bulk of the cooling from CO, OH and [Ol] is
associated with gas excited in outBow shocks, with the blue-shifted (SE) out3ow showing evidence of a shock-induc
UV beld responsible for the OH emission. Water lines around the protostar reveal a very low ortho-to-para ratio thai
can be interpreted in terms of formation from a primordial gas reservoir in the envelope. Finally comparisons of thi
[O]] jet mass-RBux to the mass RBuxes derived for SiO and Hrenders HH 211 the brst embedded system where ¢
atomic jet is demonstrably shown to possess enough momentum to drive the observed molecular jets and large sc
outf3ows.



