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High-resolution spectroscopic monitoring observations of FU Orionis-type object, V960
Mon

Sunkyung Park!, Jeong-Eun Lee!, Tae-Soo Pyo?, Daniel T. Jaffe?, Gregory N. Mace?® et al.

1 School of Space Research, Kyung Hee University 1732, Deogyeong-daero, Giheung-gu, Yongin-si, Gyeonggi-do, 17104,
Republic of Korea; ? Subaru Telescope, National Astronomical Observatory of Japan 650 North Aohoku Place, Hilo,
HI 96720, USA; 3 Department of Astronomy, University of Texas at Austin 2515 Speedway, Austin, TX, USA

E-mail contact: jeongeun.lee at khu.ac.kr

We present the results of high-resolution (R > 30, 000) optical and near-infrared spectroscopic monitoring observations
of a FU Orionis-type object, V960 Mon, which underwent an outburst in 2014 November. We have monitored this
object with the Bohyunsan Optical Echelle Spectrograph (BOES) and the Immersion GRating INfrared Spectrograph
(IGRINS) since 2014 December. Various features produced by a wind, disk, and outflow/jet were detected. The wind
features varied over time and continually weakened after the outburst. We detected double-peaked line profiles in the
optical and near-infrared, and the line widths tend to decrease with increasing wavelength, indicative of Keplerian disk
rotation. The disk features in the optical and near-infrared spectra fit well with G-type and K-type stellar spectra
convolved with a kernel to account for the maximum projected disk rotation velocity of about 40.3+3.8 km s~! and
36.343.9 km s~ !, respectively. We also report the detection of [S II] and Hy emission lines, which are jet/outflow
tracers and rarely found in FUors.

Accepted by ApJ
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A protostellar system fed by a streamer of 10,500 au length
Jaime E. Pineda'!, Dominique Segura-Cox!, Paola Caselli!, Nichol Cunningham?, Bo Zhao! et al.

1 Max-Planck-Institut fiir extraterrestrische Physik (MPE), Giefenbachstr. 1, D-85748 Garching, Germany; ? Institut
de Radioastronomie Millimétrique (IRAM), 300 rue de la Piscine, F-38406, Saint-Martin d’Héres, France

E-mail contact: jaime.e.pineda at gmail.com

Binary formation is an important aspect of star formation. One possible route for close-in binary formation is disk
fragmentation. Recent observations show small scale asymmetries (<300 au) around young protostars, although not
always resolving the circumbinary disk, are linked to disk phenomena. In later stages, resolved circumbinary disk
observations (<200 au) show similar asymmetries, suggesting the origin of the asymmetries arises from binary-disk
interactions. We observed one of the youngest systems to study the connection between disk and dense core. We find
for the first time a bright and clear streamer in chemically fresh material (Carbon-chain species) that originates from
outside the dense core (>10,500 au). This material connects the outer dense core with the region where asymmetries
arise near disk scales. This new structure type, 10x larger than those seen near disk scales, suggests a different
interpretation of previous observations: large-scale accretion flows funnel material down to disk scales. These results
reveal the under-appreciated importance of the local environment on the formation and evolution of disks in early
systems and a possible initial condition for the formation of annular features in young disks.

Accepted by Nature Astronomy
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/",Ori,nary PRoes \,es‘,o“s Figure 1 Image of the “chemically fresh™ material surrounding the protostar (panels a, b, and ¢) and

zoomed-in high-angular resolution image of the material near disks scales (panel d). The panels a,
b, and c reveal a streamer of fresh material starting at a distance on the sky of 10,500 au from the
central protostar. The streamer is seen in two carbon-chain molecules and a S-bearing species, all
known to be abundant in chemically young material. The black contour in panel a corresponds to
the asymmetrical and feather-like feature near disk scales, and it is also shown as a white contour in
the zoomed-in image in the panel d. The angular resolution of the observations and scalebar are
shown in the bottom left and bottom right corner, respectively. The 50% primary beam response is
shown by the white dotted circle. The ALMA 1.3-mm contour levels are shown in panels a and d at
ImJy beam-!, where the noise level is 0.166 mJy beam-!
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Figure 2 Centroid velocity and velocity dispersion of the streamer tracing HC3N (10-9) emission in
panels a and b, respectively. The velocity field is smooth and shows a clear velocity gradient. The
velocity dispersion shows subsonic levels of turbulence, and therefore the material is not affected
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Figure 3 Sky position and velocity along the line-of-sight of the streamline model (in orange)
overlaid on the observations (gray). The streamer is highlighted by the blue polygon in panel a. The
panel b shows varying levels of kernel density estimation of the velocity as a function of projected
distance from the central system. The contour levels are drawn starting at 0.5¢ and progressing
outwards in steps of 0.50, where the o-levels are equivalent to that of a bivariate normal
distribution. The streamline model provides a good match to the observations and it supports the
interpretation of gravitational free-fall of the streamer towards the central regions of the dense core.
The angular resolution of the observations and scalebar are shown in the bottom left and bottom

right corner, respectively. The 50% primary beam response is shown by the black dotted circle.
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