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Intrc

Recent observations made by the Herschel Space Observatory and the Planck Satellite have shown that molecular clouds are made by networks of
filaments, shaped by interstellar turbulence and magnetic fields. We analyse the stability of filamentary molecular clouds with the help of cylindrical
polytropic models with and without helical magnetic fields. We then focused on the growth of hydrodynamical density perturbations and the
formation of sub-structures and fragments in pre-stellar cores.
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"¢ HHOW/TO MODEL YOUR FILAMENT: g
The o in the radial direction can be characterised by: The evolution of a real filament can be analysed as a series of polytropic

magnetostatic solutions [6]:

flat density p_inner part of size m;,, = (0.03+£0.02) pc
power law envelope extending to a radius ~10 ®j_,
a softened power-law profile —
oo parameter related to its physical state T p(w) =
if =4 filaments are isothermal |

Helical magnetic field with poloidal and toroidal components defined in
terms of scalar functions ®(w,z) and ¥(w®,z) [4], 0 pitch angle :
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The power-law slope observed with Herschel satellite is o = (1.6 £ 0.3) [1]:
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Solutions in the field-strength vs. density in adimensional units,
different o

o =

! Better using :
gas pressure p parametrized by a polytropic equation of state
Y, Polytropic exponent, related to its physical state
K measure of the filament’s entrophy

no solutions
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magnetic
compression (H,<0) 7

p=Kp'™,

magnetic support (H,>0)

magnetic compression (Hy<0) |
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¢ STRUCTURE OF EILAMENTS

Normalised radial density profiles of

PolyIiopIC CHi 5]; H, dimensionless constant; deviation of poloidal field from force-free
{ | ethick solid lines the are isothermal Y,= 0.0099 quasi logatropic
1| (y,=1) ano! logatropic (y,, = ()). Y,= 1.5 best fit value for observed filaments
'?‘;'?73';;'%._ | | Dotted lines are the singular H, > 0 Lorentz force directed outward > v
01 L AN i soldgpns’ (ST " ! H, =0 Force free field, d and density fixed
- e\ N 1 | *Hatched area corresponds to the . . v
IRV NN ] . . . H, < 0 Lorentz force directed inward - !
g L\ N 1 | observed mean density profile with
< IRV 1| o=(1.6+0.3).
: 1 HI E‘}‘ ’4‘% ]
Lo ‘"3* “%p=0 well reproduced by polytropes
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23/24/3 7=1 3"“}42;,3“;(;,2“‘;;3 Can the evolution of small-scale hydrodynamic perturbation in a
| sotherman) Outward contracting core lead to ? 7]
0.001 — E— , : o : L1 o
0.1 IR C 100 increasing Stay tuned! Competltlon between several time-scales & amplification of the initial
o. . -1/2 Toci et al. in prep amplitude:
Feore &2 0.0 (0.26 km 5-1) (2 % 107 -::111_3) pe- The time to reach the The time-scale of the
o .= velocity dispersion of the filament non-linear Stage tnI g obal coIIapse tff
c_ : . T(surface)zlsoK! l . LT
n .= central density of the filament See next sections The time to become The initial Wavelength of
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gravitationally unstable t,, the perturbation A

i? — — . t,(t)&t, (t) for different Mach
ke ks . o T e 4 | numbers vs initially Jeans stable
to longitudinal perturbations i.e. varicose instability [4] i - \;\ o, | verturbation
Stability to radial perturbation determined by solving the equation for & |
radial motion for small perturbation in cylindrical symmetry [3] 0 L Fahock N L W't turbulence observed
- . / M=05 \ || T——inthe starless cores
Thick curves U s - S y A e initially stable fluctuations
! . =1 )
Thin curves radius @, s - fu L / \-,,—
. . radius £ A
as a function of the density contrast. ‘ A A Al Y
i % e mass per unit length 3 -~ shoe
! P t length | i / i ) T: #y=0.1 E !
Dots: critical points & o g . Growth of Y
Stable part: solid lines 2 | 0 0.2 o4 5 0.6 0.8 ! Stay tuned!
Unstable part: dashed lines ; N\ IIttToiT y o Toci et al. in prep
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0sy,<1 : h - \326p, increases !
increasing p/ p, first expansion then '
contraction until a critical value. Y e
Equilibria exist above the critical density contrast p,/p, 5] Toci & Galli, 2015a, MNRAS, 446, 2110
value but are unstable ! 102 @ ~ 10 s in units of [p. /(4rGp2)|/2, 1] Arzoumanian et al., 2011, A&A, 529, L6 6] Toci & Galli, 2015b, MNRAS, 446, 2118
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