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IntroductionIntroduction
GoalGoal: : cloudcloud structurestructure cloud propertiescloud properties

WeWe can can quantifyquantify thethe degreedegree ofof “complexity” “complexity” 
through the fractal dimension.through the fractal dimension.

FractalFractal

WhatWhat isis thethe fractalfractal dimensiondimension ofof thethe ISM?ISM?
3rd 3rd workshopworkshop……
(Do (Do youyou rememberremember...? No? ...? No? Don´tDon´t worryworry…)…)



Reminder: Df is the (3D) fractal dimension and Dper is the (2D) perimeter-area
based dimension. Smooth cloud Df=3 and Dper=1. Dper(ISM) = 1.3-1.4

Df=2.3 Df=2.6

miprogramita.f

 1

 1.2

 1.4

 1.6

 2  2.2  2.4  2.6  2.8

D
pe

r

Df

(b)
Npix=400

Npix=200

Npix=100

Npix=50  

DfDf ≠ ≠ DperDper + 1+ 1
DfDf ≠ 2.3≠ 2.3
DfDf is around 2.6 !!!is around 2.6 !!!



Reminder: Df is the (3D) fractal dimension and Dper is the (2D) perimeter-area
based dimension. Smooth cloud Df=3 and Dper=1. Dper(ISM) = 1.3-1.4

Df=2.3 Df=2.6

miprogramita.f

 1

 1.2

 1.4

 1.6

 2  2.2  2.4  2.6  2.8

D
pe

r

Df

(b)
Npix=400

Npix=200

Npix=100

Npix=50  

DfDf ≠ ≠ DperDper + 1+ 1
DfDf ≠ 2.3≠ 2.3
DfDf is around 2.6 !!!is around 2.6 !!!



- What is the relationship between the physical
properties of the interstellar clouds and their
fractal structure?
- Are the observed properties in agreement
with relatively high fractal dimension values?

This workshop:

- We place a grid over the fractal...
- We associate each peak in density
with one "clump".

- Mcl: integrating the density field over
the neighboring region, until some
predefined threshold value (free
parameter, ε).

- Rcl: cubic root of the volume.

miotroprogramita.f:



ClumpClump selectionselection criterioncriterion
WeWe havehave toto "decide" "decide" toto whichwhich clumpclump shouldshould
be be assignedassigned thethe ""ambiguousambiguous" " pixelspixels......
Geometric criterion: the closest (higher 1/d) [for example, CLUMPFIND]
Potential criterion: the highest "gravitational potential" (M/d) value
Others...
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Df=2.6. Potential: solid line. Distance: dashed line.
(a) ε=1.0 and (b) ε=0.1 (ε = Mcl / Mf)



MassMass vsvs sizesize
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Mass-radius relation. ε=1.0.
Solid line: constant density case.

Simple random sampling through the
fractal yields slope = Df.

Comparison with observations
(what a problem!!):
- different techniques and/or lines
- different clump identification methods
- different regions
- many studies show a weak (or
scatter-dominated) correlation.

- slope ≈ 2 (Larson 1981)
- an artifact? (Scalo 1990)
- slope ≈ 2.3 (E&F96). OJO: Df=2.3??
- slope ≈ 2.4 - 3.7 (other authors)
- slope ≈ 1.5 - 2.1 (Reid & Wilson 05)
etc...

Falgarone et al. (2004) suggest an
increase of Df as the size scale
decreases (multifractality?)



ClumpClump massmass spectraspectra
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Simple random sampling through the
fractal yields alpha_M = 1.

Observations (again a problem!!):
0.6 < alpha_M < 0.8 (E&F96)
0.3 < alpha_M < 1.1 (others)
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If Df = 2.6 then alpha_M ≈ 0.55 for ε = 1.0
For ε = 0.1 we get alpha_M ≈ 1.2 +/- 0.2
(Salpeter = 1.35)



ClumpClump sizesize spectraspectra
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Simple random sampling through the
fractal yields alpha_R = Df.

Observations (worst!!!!!):
clump sizes are quantities much more
difficult to estimate in a robust manner.
alpha_R ≈ 2.3 (ojo: Df=?; E&F96)
1.8 < alpha_R < 2.4 (???)
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If Df = 2.6 then alpha_R ≈ 1.4 for ε = 1.0
For ε = 0.5 we get alpha_R ≈ 0.9 +/- 0.2
(similar to HI clouds in LMC; Kim et al. 05)



SomeSome general general conclusionsconclusions......

Simple Simple approachapproach, i.e., ", i.e., "perfectperfect" " fractalsfractals::
ISM ISM propertiesproperties as a as a functionfunction ofof DfDf ((andand εε).).
WhenWhen εε ≈≈ 1 1 thethe propertiesproperties are are highlyhighly
dependentdependent onon thethe clumpclump definitiondefinition criterioncriterion..
FractalFractal cloudsclouds do do notnot fulfillfulfill a simple a simple powerpower
lawlaw forfor thethe massmass--radiusradius relationrelation..
MassMass ((sizesize) ) spectraspectra can be can be fittedfitted toto a a powerpower
lawlaw in in thethe rangerange ofof relativelyrelatively largelarge massesmasses
((sizessizes).).



andand somesome notnot--soso--general general conclusionsconclusions......
DfDf ≈≈ 2.6 is roughly consistent with the 2.6 is roughly consistent with the 
"average" properties of the ISM."average" properties of the ISM.
WhenWhen εε decreasesdecreases ((fromfrom ~1 to ~0.1) ~1 to ~0.1) 
alpha_Malpha_M increases (from ~ 0.5 to ~1.2), increases (from ~ 0.5 to ~1.2), 
suggesting this a likely link between the suggesting this a likely link between the 
stellar IMF and the internal structure of stellar IMF and the internal structure of 
GMCsGMCs..

ForFor thethe futurefuture......
I think it is necessary a more I think it is necessary a more completecomplete and and 
systematicsystematic study (both theoretical and study (both theoretical and 
observational).observational). Thanks....
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