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Kinematics of the S242 & Mqn R1 filaments
Turbulence 1n S242 and other régions

\ .
Kinematics of the L1287 core from fitting model

molecular line maps 1ato obggrved ones
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of the S242 & Mon R1 filaments:
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« Position-velocity diagrams
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Velocity across the filament




V(13CO0O) and I(CS) versus the distance along the filament
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V(13CO) velocity and H2 column density profiles for thé central part
' of the S242 filament. .

MV), MN) ~ 10.5 pc
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V(13CO), AV(13CO) and column density along the Mon R1 filament.




Central part
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Velocity (with linear gradient subtracted) and column density for the
central part of the Mon R1 filament.
- MV)~1.6pc, MN)~2pc.*



Fragmentation in the €ylinder of infinite length
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Mon R1 ~ 1.6 (V) ‘ ~ 0.4
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(Hacar & Tafalla)

Condition 7\'2 3.94 H is not valid for Mon R1 and L1517

Condition AA = A/4#1s not valid for S242



S242 and Mon R1are the filamgnts with massive star-forming sites
located at their ends.

Velocity profil€s along the filaments have both global gradients and

oscillatory patterns.
There are also local velocity gradlen se the ends of filaments
probably due to gas accelaration to s star-forming sites.

There are velocity and colunmin density oscillations in the filaments.
The periods of oscillations and phase shifts are determined for the
central parts of the filamegpts. Thei,ghffer from theoretical predictions
for gravitational instability mode.

There could probably be additional factors which influence
parameters of oscillations (e.g. MHD transverse wave, Liu et al.

2019). .




Turbulence S242 and other regions
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Velocity structure function
for S242

\ Larson (1981)
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Figure 11. Structure function in velocity 4V as a function of length (i.e.. lag)
derived from the '*CO line data. The structure function is derived using the
total data set. Ihe Larson's wvelociy dispersion-size relatonship (Le.
fV =063 = L) is also marked by a broken blue line. The velocity
dispersion-size relationship of the Musca cloud is also shown by a broken red
line (e.g.. &V = 0.38 » I™% Hacar et al. 2016). In the filament, a linear
relaion is found between logiéV) and log(l) for L = 3 pc, where
fV =042 = L™ (see the solid black line in the figure as well as the text
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W40 N,H'(1-0), I >=3 K km/s, NRO data

W40 N,H

"(1-0) (NRO) & 1.2—mm dust (IRAM)

Larson (1981)
Hacar et al. (20186)




An analysis with velocity structure function reveals

power-law dependences for S242 and other regions that could be
associated with a general behavaor of the velocity field on small
scales.

It could be a result of the supersonic vortices producéd by gas flows
along the filament, which dominate at lower lags, or small-scale
systematic motions. g

An upper scale for a power-law dependence 1n the S242 filament 1s
~3 pc, ~0.6-0.7 pc for the Ofi A subregions and ~0.2 pc for the
W40 region.

The differences in power-kaw indiges could be connected with
different levels of turbulent vorticeés.and small-scale systematic
motions.

At higher lags confributions from large-scale and ordered velocity
gradients and/or filament fragmentation dominate.



Kinematigcs of the L1287 core from fitting
- model molecular line maps
into observed ones  «

- The cores are 1nitially quasi-equih!rium *(Shu 1977, McKee
& Tan 2003), prestellar stage: V=0; -

- The cores initially are #fonequillibrium (Vazquez-Semadeni et
al. 2019), prestellar stage: V (envelope) ~ const # 0

protostellar stage, V (inner regioﬁ) ~1/\r



Indications of cOntraction motions

121.28{80",40'")

Static
Erwvelopa

Antanna
Infall Region

o y

H

Intensity

Velocity

Fignre 5: The origin of various parts of the line profile for a cloud nndergoing

o - i i ; - i 189 e + -
inside-out collapse. The static envelope outside ripp produces the central self- i H™CO f_l—ﬂ}
absorption dip, the blne peak comes from the back of the clond, and the red peak !

. : ) !
from the front of the clond. The faster collapse near the center produces line I ) ) ) . | I
wings. but these are nsually confused by ontflow wings.

—d0 — 2k —10




£9.982(0",0")

121.28{80",40")

HCH{1-0)

HCea'{1-0)

ﬁ H¥co -0

108.884+2.10 (ED”.ED'i:}

HCN{1-0)

HCot(1-0)

HEN{1-G)

meot(1-0




« L1287 (#21.30+0.66)
The Herschel (500 um, color) and HCO+(3 mm, contours) maps




The L1287 cbre 1n the HCO+(1 -0) and HCN(1-0) lines

(Pirogov et al. 2016)

12 MJM 125 -
Y N N U N . . S

108 - 100 - WMMMMMM&‘M
A"MM—MJM MMMMW’%WM

P W W NN W
oA oL LT koo
- MMUKM; e ﬁw%w“v—dhwﬁb:ww”w”*

Ny A A A I A an SRR Y YN TN T N

AG T

_25 U VU TSR N Y VNN ¥ S S
_25 -
10K sl ) sl Nt W
EEI - SK ...Dh
. o, o ! -50- 2.5K
e s g bl o e
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
125 100 Fii] &0 258 0 -25 - &0 -T75 125 100 i) 50 25 0 -25 - 60

Aa " Ag "




Radial velocity*profiles can be derived from fitting model
spectral maps into observed ones.

Microturbulent 1D non-LTE model.
Physical parameters (density, temperature, turbulent and systematic
motions) depend on radial distance as:

P = PO/(1+(r/R0O)™P)

.
Eight free parameters:*P0 & a_p ta\ density, turbulent and systematic
velocity radial profiles, molecular abundances (X) and outer radius

(R _max). Temperature profile was set to 80/(1+(1r/R0)~).
.



" : : .
Problems with convehtional iterative methods:
multiple minimums of multidimensional error function, correlation
between parameters, slow convergence. .

The PCA and kNN -based algorithm (Pu@80v & Zemlyanukha 2021):

Generating model maps Selection by the criterion Calculating principal
with randomly set parameters <Y minl 30 ohs) components (PCs)

Filling PC grid: computing PC grid filling Insufficient
physical parameters; calculating - density?

model maps

Sufficient
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Fig. 8. Observed and model profiles of the lines HCO™'(1—0) (left) and HCN(1—0) (right) towards the (60”, 40”) position for
models with different values of the power-law index in the radial profile of contraction velocity.




From fitting of the model HCO-+(1-0), HCN(1-0) line maps and line
maps of their rare isotopes into the observed maps towards the 1.1287

core with the PCA and kNN-based algorithm we derived radial profiles
of density, turbulent and contraction ?ty. .

The absolute value of the power-law mdex for the radial proﬁle of
contraction velocity (0.1), considering the probable error, 1s less than is

expected for gas collapse onto the protostar in free fall. This favors the
hypothesis that L1287 coul.d be in %e‘: mode of global contraction.

Observations of higher molecular transitions as well as the use of more
complex non-LTE models (2D, 3D) are needed to confirm this

conclusion. o



Thanks for your attention!
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