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29 Searching for kinematic evidence of Keplerian disks around
Class 0 protostars with CALYPSO

S. Maret!, A. J. Maury?, A. Belloche®, M. Gaudel?, Ph. André?, S. Cabrit*, C. Codella''?, C. Lefevre®, L. Podio”,
S. Anderl!, F. Gueth®, and P. Hennebelle?

ABSTRACT

The formation of protoplanetary disks is not well understood. To understand how and when these disks are formed, it is crucial to
characterize the kinematics of the youngest protostars at a high angular resolution. Here we study a sample of 16 Class 0 protostars
to measure their rotation profile at scales from 50 to 500 au and search for Keplerian rotation. We used high-angular-resolution line
observations obtained with the Plateau de Bure Interferometer as part of the CALYPSO large program. From *CO (J = 2 - 1),
C®0(( =2-1)and SO (N i = 56 —4s) moment maps, we find that seven sources show rotation about the jet axis at a few hundred
au scales: SerpS-MM18, L1448-C, L1448-NB, L1527, NGC1333- IRAS2A, NGC1333-IRAS4B, and SVS13-B. We analyzed the
kinematics of these sources in the uv plane to derive the rotation profiles down to 50 au scales. We find evidence for Keplerian rotation
in only two sources, L1527 and L.1448-C. Overall, this suggests that Keplerian disks larger than 50 au are uncommon around Class 0
protostars. However, in some of the sources, the line emission could be optically thick and dominated by the envelope emission. Due
to the optical thickness of these envelopes, some of the disks could have remained undetected in our observations.
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Source Peak Position (J2000) @ Dist. Lin® Mey®© Sismm®@ JetPA®
RA Dec (pc) (L)  (Mg) (mJy “)
beam™! )
L1448-2A 2A 03"25m225405  30°45'13726 293 4.7 1.9 23 —-63@
2Ab  03M25m22355 30°45'13716 293 11
L1448-NB NB1 03M"25™36378  30°45'14"77 293 39 48 146 -80
NB2 03M25m36:315 30°45’15715 293 69
L.1448-C 03h25m38875  30°44’05733 293 10.9 2.0 123 -17
NGC 1333-IRAS2A 03h28™m55570  31°14'37707 293 47 79 132 -155
SVSI13B 03"29m033078  31°15’51774 293 3.1 2.8 127 167
NGC 1333-IRAS4A  4A1  03"29™10:537  31°13’3098 293 47 12.3 481 180
4A2  03"29™108432 31°13/32712 293 186 -178
NGC 1333-IRAS 4B 03"29™125016  31°13’08702 293 23 47 278 167
IRAM 04191 04"21M56'899  15°29'46" 11 140 0.05 0.5 4.7 -160
L1521F 04h28™38941  26°51'35”14 140 0.035 0.7 1.6 -120
L1527 04h39™535875  26°03'09766 140 0.9 1.2 129 90
SerpM-S68N 18"20m48091  01°16’43"41 436 11 11 35 —45
SerpM-SMM4 a 18"29™56:716  01°13'15765 436 2 8 184 10
SerpS-MM 18 a 18"30m04:118  —02°03'02’55 350 29 5 148 -172
SerpS-MM22 18P30™125310  —02°06'53756 350 04 0.9 20 -130
L1157 20"39™06:269  68°02’15770 352 4.0 3.0 117 163
GF9-2 20M51m295823  60°18’38744 200 03 0.5 9.9 0
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Fig. 3. Position offset derived in the uv plane along the disk major axis as a function of the velocity channel in L1527 for panel). In each panel the
blue and red points with the error bars show the observations, the solid line shows the result of a power-law fit. The dashed line in the right panel
shows the result of a fit with a Keplerian law with M, (sini)® = 0.2 M. Only filled points are considered in the power-law and Keplerian fits. The
dotted lines show the velocity fit from Aso et al. (2017).
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Notes. ”Assumed disk major axis position angle for the fit. ®’ Assumed disk systemic velocity (in the LSR). ‘’Reduced x*. ‘“y? is undefined

because the fit is based on only two points. “’No velocity curve could be fitted (see Appendix C.4).
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Table 4. Overview of evidence of the presence of disks in the CALYPSO sample of Class 0 objects.

Source Cont. emission @ Ang. momentum Kinematics on small scales )
Compact  Cont. Const.  {j100 au)? Grad.” Kepl. Kepl. M, ®
cont. size © j& il | rot. ) radius? (M,)
source®  (au) km s~! pc) (au)

L.1448-2A X <50 v 45+0.2 X

L1448-NB X <300 v 16.0+0.4 v X <175

1L.1448-C v 46 + 15 v 6.0+£0.2 v v 200 0.8-2.3

NGC 1333-IRAS 2A v <62 v 3.8+04 v X

SVS13B v <7D v 25+0.2 v V™ 150 0.05-0.12

NGC 1333-IRAS 4A X <94 X X

NGC 1333-IRAS 4B v 156 + 31 v 25403 v X

IRAM 04191 v <60 X X

L1521F v <60 X X

L1527 v 54 +10 v 5.6+0.1 v v 90 0.2-0.4

SerpM-S68N X <53 X X

SerpM-SMM4 v 305 +42 X X

SerpS-MM 18 v <61 X v X

SerpS-MM?22 v 88 + 14 X X

L1157 e <70 X X

GF9-2 v 26+9 v 39+0.3 X

Notes. “Compact continuum emission (Maury et al. 2019). ®Specific angular momentum profile (Gaudel et al. 2020). “Gas kinematics down to
50 au scales (this study). “Detection of a compact continuum component in addition to emission of the extended envelope. The X and v’ symbols
indicate a non-detection and a detection, respectively. “Radius of the compact continuum component scaled to the assumed distance. " Constant
specific angular momentum j at scales between 50 and 1200 au. “Mean value of the specific angular momentum at scales <100 au, for sources in
which j is constant. W Velocity gradient perpendicular to the jet, within +45°. ©®Detection of Keplerian rotation. ”Radius of the region in Keplerian
rotation. ®Mass of the central object. ®Upper limit derived from a model centered on NB2. There is no clear evidence for a disk-like component
centered on NB2 at <1” scales (Maury et al. 2019, Table C.3). (mTentative detection.
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Physical and chemical modeling of the starless core L1512

Sheng-Jun Lin', Laurent Pagani?, Shih-Ping Lai', Charléne Lefévre?, and Francois Lique*
ABSTRACT

Context. The deuterium fractionation in starless cores gives us a clue to estimate their lifetime scales, thus allowing us to distinguish
between dynamical theories of core formation. Cores also seem to be subject to a differential N, and CO depletion, which was not
expected from the models.

Aims. We aim to create a survey of ten cores to estimate their lifetime scales and depletion profiles in detail. After describing L 183,
located in Serpens, we present the second cloud of the series, L 1512, from the star-forming region Auriga.

Methods. To constrain the lifetime scale, we performed chemical modeling of the deuteration profiles across L 1512 based on dust
extinction measurements from near-infrared observations and nonlocal thermal equilibrium radiative transfer with multiple line ob-
servations of N,H*, N,D*, DCO*, C'®0, and '3CO, plus H,D* (1,0—1;;).

Results. We find a peak density of 1.1x10° cm™ and a central temperature of 7.5+1 K, which are higher and lower, respectively,
compared with previous dust emission studies. The depletion factors of N,H* and N,D* are 27*}] and 4*] in L 1512, which are
intermediate between the two other more advanced and denser starless core cases, L 183 and L 1544. These factors also indicate a
similar freeze-out of N, in L 1512, compared to the two others despite a peak density one to two orders of magnitude lower. Retrieving
CO and N, abundance profiles with the chemical model, we find that CO has a depletion factor of ~430-870 and the N, profile is
similar to that of CO unlike that toward L 183. Therefore, L. 1512 has probably been living long enough so that N, chemistry has
reached steady state.

Conclusions. N;H" modeling is necessary to assess the precise physical conditions in the center of cold starless cores, rather than
dust emission. L 1512 is presumably older than 1.4 Myr. Therefore, the dominating core formation mechanism should be ambipolar
diffusion for this source.
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IRAM 30-m (Dec 2013, May 2014, Oct 2014, Sep 2017)

N,H* 1-0 93173.764 31 26 0.85 90-160 32-71

DCO* 2-1 144077.282 41 17 0.80 80-300 28-102

N,D* 2-1 154217.181 38 16 0.78  90-600 18-33

DCO* 3-2 216112.582 68 11 0.66 360460 53-94

cto 2-1 219560.358 67 11 0.65 340-400 50-89

N,H* 3-2 279511.832 42 9 0.56 190400 29-51
GBT 100-m (Nov 2014)

DCO* 1-0 72039.303 48 11 0.50 140-160 40-90

N,D* 1-0 77109.616 44 10 0.50 105-130 29-44
JCMT 15-m (Dec 2015)

H,D* 1io-113 372421.356 49 13 0.70 690 19-71

N,H* 4-3 372672.526 49 13 0.70 725 26-50
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Fig. 1. Multipointing grids and onion-shell model overlaid with the 850 X 10t |
pm contour. The black and yellow dots in a (ARA, ADec)=(12", 12”)- o e RS
spacing grid show the pointings of IRAM 30-m and GBT observations, g TR S T | i
respectively. The red dots in a (ARA, ADec)=(15", 30”)-spacing grid [
show those of JCMT HARP observations. The circles at top and bottom v vV Vv Vv V¥ v v v
indicate the beam sizes of each spectral observations. The gray concen- 10— & 6 r 3 0 3 2 3 8 10
tric circles with center of L1512 represent the onion-shell model with r [kAU] r [kAU]
She_ll widths of 12”. The 850 A4 ap 1S shown _m t?lue_scale’ and its Fig. 8. Physical and abundance profiles. The Plummer-like density (ny,) profiles are derived from the combined extinction map (Fig. 6¢), where
white and black contours have the same levels as in Flg. 2g. the best-fit parameters are annotated. The profiles of kinetic temperature (7y;,), turbulent velocity (Vius), abundances (X,pecics ), and the abundance

ratio of NoD*/N,H* are the best-fit results from the non-LTE radiative transfer calculations.
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Fig. 9. Chemical modeling of the abundance ratio of NoD*/N,;H* and the abundances of ortho-H;D* and DCO™ for each layer. The left and right
columns show the chemical solutions, while the middle column shows the profiles. Each color represents a layer. In the chemical solution plots,
the horizontal solid lines are the observationally derived X(N,D*)/X(N,H"), X(ortho-H,D"), and X(DCO"). The growing curves are the chemical
solutions calculated with an average grain size (ag;) of 0.1 ym and a cosmic ray ionization rate () of 10-'7 5!, The two black vertical lines in each
panel indicate a time range for which the model values cross the observations within their error bars and where the model curves become thicker.
Thick dashed lines denote the model range that is both lower than the observed upper limit for that layer and within the global time range of the
model. The red dashed vertical lines indicate the lower limit on the lifetime scale of L1512.
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