Nubes mterestelares

= NéstorSénchez
IAA-CSIC, aquimismo.




(ej. Qué determina la masa de las estrellas?)
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i 82500, AU

10 a8 06 .04 02 000 M45 - The Pleiades - 1/25/2006 - Cohoctah Nightcrawler Observatory ,

Log Calumn Density [g/em’] Matthew Bate

p— 2?7 S :
Estructura jerarquica, IMF, distribucion espacial

masas, tamanos, ...

Estudio/Caracterizacion Cuantitativa/Objetiva/Sistematica




Para (poder hacer) un analisis sistematico
la caracterizacion debe ser cuantitativa.

Y la herramienta de analisis
debe ser “robusta’...

Hacklasvea-Tharkines Good | g

R

i
£
é
i

25 - mwoa

MIT W
CHE [y

&

ma BEEE —wmaw

Elmegreen & Falgarone (1996).

T 1= R T LA ¥
FWHM — Dismeter {pe) Mzss Mo




5/24
Mapas de nubes cercanas muestran una

Nube Molecular Taurus
(IRAS 100u emisidn)

Complejo Taurus: emision integrada
en 2CO (Falgarone et al. 1991)
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Jerarquia + auto-similaridad: fractales! - Analisis fractal




~ The Fractal Geometry of
(Mandelbrot, 1983).
http://www.math.yale.edu/mandelbrot/

Definicion matematica:
Objeto cuya dimension de Hausdorff (dimension
fractal) excede su dimension topoldgica
(Yo @#!117?).

rhmH(Fh —aupp H(F) = oo} =1nf{s: H'(F) =0}

Hi(F) = 1nf~.Z|.f 15}

i=1




~ The Fractal Geometry o
(Mandelbrot, 1983).
http://www.math.yale.edu/mandelbrot/

Un fractal usualmente:
Es muy irregular (en terminos euclidianos)
Tiene estructura (fina) a pequenas escalas

Se construye a partir de una definicion
recursiva

Es auto-similar (al menos
aproximadamente)







Las nubes no son esferas, las montafias no son conos, las lineas costeras no son
circulos, las cortezas no son suaves, y tampoco los rayos viajan en linea recta
(Mandelbrot, en la introduction de The Fractal Geometry of Nature).
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Mapas de nubes cercanas muestran una
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- Estructura fractal subyacente

-

Podemos cuantificar la estructura (el grado de complejidad, de irregularidad, de
“‘clumpiness”) a través de su dimension fractal (Df).
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X~ Masa-radio:
Integral de correlacion: C ~ rPe

La mayoria de los estudios usan Dper:

2 3 :

- ADper/Z

"= Dper = 1.36

Complejo Taurus: emision
N o : integrada en 2CO
R oo 100 1000 10000 (Falgarone et al 1991)
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+ Los mapas observados indican que:

————

— Dper=1.35

———e—

Df = Dper+1
Df = 2.35
turbulenta




Df(ISM) = 2.3 = universal !1I?"??

m @ @ @ 6o 6 O 6 O 09
Reference

miprogramita.f

 ————
Df bien definida

Df=2.3 Df=2.6

-'.d_l

miotroprogramita.f 2 21 22 23 24 25 26 27 2.8 29

» Df(imagen) Dy
Dper,De,Dm Dper=1.35 > Df = 2.6 +/- 0.1 !l!
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+ Los mapas observados indican que:

————

— Dper=1.35

———e—

Df = Dper+1
Df = 2.35
turbulenta




Mapas en 13CO

Ridge et al. 2006)

Df=2.6-2.8

D ~2.3 forcing compresivo
D ~2.6 forcing solenoidal (M=5.5)




Cumulos estelares / asociaciones

i ———

-structura de un ctmulo: condiciones iniciales + evolucién dindmica (temprana)

ISM fractal (jerarquico, clumpy)
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IC 348 IC. 2391 Tau Fuentes infrarojas en
NGC 2264 (Lada+2003)
“Creencia” generalizada:
Estructura inicial clumpy - relajacion dinamica (subestructura se disuelve)
—> Perfil radial de densidad




Dimension fractal en cumulos jovenes

Table 2: Summary of correlation dimensions for the 2.2 T T T T T T T
distribution of stars 1 clusters (literature results that use
the MSDC techmigue).
Ref. Niat D, Cluster

(1y | =121 [ 138 Taurus-Auriga

(2) 136+0.19 Taurus

1.50+£0.19 Ophiuchus
1.80£0.21 Trapezium
1.85+0.02 Orion OB

1.77+0.02 Orion A

226 | 1.31£0.01 Onon B

96 1.64+0.06 Ophiuchus

103 1.43+0.04 Chamaeleon I

94 1.45+0.03 Chamaeleon

278 | 1.39+0.02 Vela

63 1.18+0.13 Lupus

()] 744 | 1.98+0.01 Trapezium

[5)] 137 | 1.72+0.06 Chamaeleon [

216 1.13+0.01 Taurus

(6) 204 | 1.02+0.04 Taurus

(M 272 1.049+0.007 | Taurus-Auriga
Reference mdex: (1) Larson (1993); (2) Simon (1997);
(3) Nakajima et al. (1998); (4) Bate et al. (1998), their
first data set; (5) Gladwin et al. (1999); (6) Hartmann
(2002); (7) Kraus and Hillenbrand (2008).

1000 500



Clumpy versus smooth structure

|IC 348. Luhman+2003. |IC 2391. Barrado+201.
age(webda)~40 Myr age(webda)~50 Myr

Radial clustering Fractal clustering
Profile fitting:

Karchenko:

Rc=3.6 arcmin

Rt=7.8 arcmin

Webda:

Rcluster=4 arcmin

Simulated fractal
Fractal dimension...

First step: we need to distinguish (but not by eye!)
between fractal clustering and density gradient




Minimum spanning tree: Structure parameter (Q)
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Cartwright+2004.
Q_ﬁ ---> (normalized) mean length of the branches
---> (normalized) mean separation between stars

Homogeneous distribution
of points: Q=0.8

{ Central clustering (radial) --> Q increases (Q>0.8)

Fractal clustering (clumpy) --> Q decreases (Q<0.8)



MST (open clusters)

Table 1. Properties of the sample clusters. Radial

Name log T D N, R. R, Q D. clustering ®
9+ ° .

IC 2301 7.0l 17h G2 146G 265 077 174020 °
M11 Ba302 1877 280 1LU& 102 e °
M 34 5249 490 151 0.11 Wk .80 204 £ 0.05
M 67 HE ) WS 44 221 5.02 098 e c 08 - 1

.57

.7

]

NGC 188 632 M7 1459 290 0.91 o
NGO 581 7336 1M 026 138 0.76 170 = 0.06
NGO 1513 £110 1340 156 153 0.72 LE20.00

NIl i wm w5 079 1942004 R * Fractal
N Ialy SOl Mz i kil N ? I -
N clusterin,
NGC 1960 7,468 1318 31 2.96 087 - 9
NGC 2194 K515 3781 228 317 .85
NGC 2548 8557 60 168 2.61 0.90 -
NGC 4103 7.303 1632 700 0.72 0.78 185 0.4
NGC 4755 7.216 1976 106 111 0.94
NGC 5281 7.146 1108 80 0.62 0.84 - 05 ) ) ) ) )
NGC 6530 6867 1330 145 143 0.67 174 0.09 -
0.0 0.5 1.0 1.5 2.0 25 3.0

T: cluster age (Myr), D: distance (pe). No: number of members, Re: core radius {pe), Ry: tidal
radins (pe), Q: structure parameter, De = correlation dimension.

log T/ 0cs

- Spatial substructure in old clusters
Q increases with ~ T/Tcross
(as it should be for each cluster!)

Maschberger+2010

Free-fall time (inside) / Time in 107 yr (outside)

Lowest Dc value = 1.74
=2 Df(8D)~ 1.9-2.2 << 2.6+/-0.1 (ISM)

- Perhaps some clusters may develop some

kind of substructure starting from an initially 8l
more homogeneous state (Goodwin+2004). DA3D)=2.0

- Another possibility is that the Df in the

Galaxy does not have a universal value
and therefore some regions form stars 00 05 10 15 20 25 30

distributed following more clustered patterns. 199 T eross
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~+ Analisis fractal (quay):

———e—

Df(ISM) = 2.7
Df(estrellas) = ... Df(t=0) << 2.77?77







