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IntroductionIntroduction

To understand the star formation process, it To understand the star formation process, it 
is essential to know the structure of the is essential to know the structure of the 
cloud complexes.cloud complexes.
Maps of nearby complexes show a Maps of nearby complexes show a 
hierarchical and selfhierarchical and self--similar structuresimilar structure →→
underlying fractal structure (TMC).underlying fractal structure (TMC).
It is important to measure the degree of It is important to measure the degree of 
fractality of the ISMfractality of the ISM→→fractal dimension (Df).fractal dimension (Df).

Taurus Molecular Cloud (IRAS 100µ emission)



IntroductionIntroduction
Most of studies use the perimeterMost of studies use the perimeter--area area 
method to estimate the fractal dimension.method to estimate the fractal dimension.
The observational evidence can be The observational evidence can be 
summarized by saying that the boundaries summarized by saying that the boundaries 
of molecular clouds are fractal curves with of molecular clouds are fractal curves with 
dimensiondimension DperDper ≅≅ 1.35 (1.2 1.35 (1.2 ≤≤ DperDper ≤≤ 1.5).1.5).
DperDper=1=1→→smooth /smooth / DperDper=2=2→→convoluted.convoluted.

Taurus complex: integrated emission in 12CO
(Falgarone et al. 1991)

P ~P ~ AADperDper/2/2 ⇒⇒ DperDper = 1.36= 1.36
But clouds are necessarily recorded
as projected (2D) images...



IntroductionIntroduction

This suggests that the clouds have fractal This suggests that the clouds have fractal 
"surfaces" with dimension"surfaces" with dimension DsurDsur == DperDper+1.+1.

The intersection of a 3DThe intersection of a 3D--fractal (fractal (DfDf) with a plane ) with a plane 
gives another fractal (gives another fractal (DfDf--1).1).

Therefore,Therefore, DfDf ≅≅ 2.35!!! And turbulent diffusion 2.35!!! And turbulent diffusion 
givesgives DfDf ≅≅ 2.3!!!2.3!!!



Falconer (1990)

Problem 1:Problem 1: DsurDsur == DfDf ??

Problem 2:Problem 2: Intersection ≠ projection !Intersection ≠ projection !



Simulated cloudsSimulated clouds

NH particles with
Df = log(N) / log(L)

- N spheres
- R → R / L
- H levels



Simulated cloudsSimulated clouds

N=3 , H=9 (~2x104 particles)



Fractal dimension estimationFractal dimension estimation

Correlation dimension (Dc):Correlation dimension (Dc):
C(r): number of pairs with distance < rC(r): number of pairs with distance < r
C(r) C(r) ~~ rrDcDc

Mass dimension (Dm):Mass dimension (Dm):
M(r): mass inside a sphere of radius rM(r): mass inside a sphere of radius r
M(r) M(r) ~~ rrDmDm



Fractal dimension estimationFractal dimension estimation
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Projected fractal dimensionProjected fractal dimension
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PerimeterPerimeter--area relationarea relation

P P ~~ AADperDper/2/2 (1 (1 ≤≤ DperDper ≤≤ 2)2)
DperDper=1: smooth contours=1: smooth contours
DperDper=2: very convoluted contours=2: very convoluted contours

DperDper depends on both the 3D fractal depends on both the 3D fractal 
dimension (dimension (DfDf) and the resolution () and the resolution (NpixNpix)!)!
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Application to Orion AApplication to Orion A
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From a CS(1-0) integrated intensity map (Tatematsu et al. 1993)



Decreasing the resolution...
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Again, 2.5 < Df < 2.7...



Finally, the "mass" dimension...
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Dm = 1.77 ⇒ Df = 2.5-2.6



ConclusionsConclusions
Main result: the relations between 3D and Main result: the relations between 3D and 
2D fractal dimension estimators.2D fractal dimension estimators.
DfDf ≠≠ DperDper + 1, i.e,+ 1, i.e, DfDf ≠≠ 2.3 !2.3 !
It seems thatIt seems that DfDf is around 2.6 !is around 2.6 !

In progress:
• Dper, Dper vs resolution, and Dm
in other cloud complexes: Df = ???

• Df ↔ star formation process (IMF) ?
• ... Thanks...
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