What to extract from cloud molecular line surveys?

The power of heterodyne spectroscopy
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Mean viscous dissipation rate of turbulence:

ex|Vxvl|?4|V.u|?
Two contributions: solenoidal (vorticity, shear) and
compressional (shocks)

“Star formation through cosmic time”, Santa Barbara, November 2007



The tool: statistics of increments of line centroid velocities

Line centroid velocity:

C(I‘) — lez'ne(ra’Ua:)U:Bd’Um/leine(raU:B)d’U:B
Miesch & Scalo 1999, Brunt et al. 2003, Miville-Deschénes et al. 2003, Levrier 2004, Ossenkopf et al. 2006,

Esquivel & Lazarian 2005, ...

Extrema of line centroid increments (E-CVIs) trace extrema of:
((wy)? + (w=)2)1/2 = ((Ove/0y)2 ; + (0v2/82)2 )1/2

Lis et al. 1996, Pety & Falgarone 2003



E-CVIs as tracers of vorticity distribution
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Large scale environments: 30-parsec scale

Adygso [deg]

) Aaygsy [deg] o
Taurus-Auriga clouds: cold dust emission

Polaris flare: 27 pc x 27 pc field Hily-Blant 2004 and B, Heiles 2000

100 (red), 60 (green) and 12 um (blue)

Miville-Deschénes & Lagache 2005
30 pc-scale: same virial mass, My ~ 4 x 10% Mg

Polaris: Mgqs/My ~ 0.16, Taurus: Mgas/My ~ 1



Compared properties of the two parsec-scale fields

800 -
600 -
400 -

200 -

Ave, [km/s]

Taurus (left) — Polaris (right)

Parsec-scale:

e turbulent

M ~ 5 in Polaris,

M ~ 2 in Taurus

e translucent

Ay ~ 0.8 to 1 mag in both fields

e Polaris: trans-Alfvénic turbulence
dense core environment

e Taurus: cloud edge, no dense core



P(6C))

PDFs of Centroid Velocity Increments with variable lags
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Where do the CVI extrema come from?
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Space-velocity cuts of 12CO(1-0) line intensity, (grey scale in K), line centroid (dashed),
CVIs (dots), Hily-Blant, Falgarone, Pety 2007
E-CVIs trace sharp local variations of optically thin 12CO linewing



Spatial distribution of E-CVIs
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- Elongated structures of thickness 0.02
<0.03 pc o

- Taurus: parallel to B,

- Polaris: rms orientation of 30°

- CVIpaz in Polaris ~ 3 CVIpez in
Taurus
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Parsec scale coherence of E-CVIs structures

S T LI PR S N
| ®co(2-1) HERA

0 —500 —1000 — 1500
Aa(2000) [arcsec]

IRAM OTF-FS HERA (map in
progress)

resolution 11" or 8 mpc

3.5 10% independent spectra
Hily-Blant et al. 2008

Dense cores Bertoldi et al. 2002



12C0O(1-0) integrated intensity map and space-velocity cut

12CO(2-1) integrated intensity (K km s™1)
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Why do E-CVIs matter?
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Hily-Blant, Falgarone & Pety 2007
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Histogram of N(CVI) x CVI? for
| = 3 (diamonds)
and cumulative histogram (full dots)

— E-CVIs above 1.5 o of PDFs
(PDF forl =3: ¢ = 0.1kms~1) con-
tribute ~ 30% of the energy dissipa-
tion
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Conclusions and Open Questions

In translucent molecular gas:

e highly coherent structures of large velocity shear disclosed with 2-point
statistics of line centroid velocity

e intermittency of turbulence dissipation (see talk of November 2)

- dissipation more pronounced in more turbulent field at large scale

- observed intermittent structures: thickness: < 0.02 pc, down to 7mpc,
coherent over ~ 3pCc or more

e signposts of turbulence dissipation (thermal, chemical, radiative)

Open questions:

- nature of these almost pure velocity structures, unlikely to be shocks

- role of magnetic fields

- actual smallest scale (ALMA) and radiative cooling rate (Herschel /HIFI)
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