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Outline:

1. Motivation from observations
(HI shells and super-shells, Collect and Collapse model of SF)

2. Analysis of gravitational instability

(dispersion relation, MS of fragments, momentum driven shell)

3. Numerical code

(tree gravity solver for Flash)

4. Results from simulations
(3D MDS simulations, cmp to SPH)
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Motivation 2: Collect and collapse

o C&C (Elmegreen & Lada, 1977): SF at peripheries of HII region
e gravitation instability of material accumulated between IF and SF

e massive stars can be formed — self-propagating SF

o HIl region Sh 104 (Deharveng
et al., 2003)

> contours: thermal radio contin-
uum (1.46 GHz)

> red: mid-IR emmision (dust - PAHs)
> turquoise: ionized gas

e UC HIl region in the dust ring
(left)

e coincides with IRAS
20160+3636 point source
- exciting embedded cluster




Motivation 2: Collect and collapse 2

e observations of molecular lines of Sh 104 show fragmentation

e 17 C&C candidate regions suggested by Deharveng (2005)
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Gravitational instability

o Gl in the expanding accreting shell studied analytically by Visniac
(1983), Whitworh et al. (1994) and Elmegreen (1994)

e spherical thin shell expanding into homogeneous medium

e liniearized perturbed 2D HD egs in the shell:

pressure gravity stretching accretion

a b\

SR = —AVE1 4+ 5V - BV - 35,QV

0% V
YRV Q-9 —
T 'R —_

stretching

VA0, = 4nGT16(r - R)
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Dispersion relation

e stability of mode with angular wavenumber 7 = kR analysed
— dispersion relation:

2 | 27GX 2n*
W(n):—%‘i_\/%—F WROn_CRZ
e the most unstable wavelength: 7.« = WGC%OR

S

o fragmentation integral: I;(n,t) = fttgw(n,t’)dt’

o O O
w w
(Q%D shell simulations by Ehlerova et al., 1997)
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> scale-free inst.
(w = const):
oa = 2

> Jeans inst.

o =

> thin layer:
o = 2.25

> thin expanding shell:

oa = 2.35

(w = \/47Gp — c2k?):
2

dN o I¢(n,t)n*dn

n— m: m=mx(rn/R)*S = dN < m~“dm
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Expanding shell instabilities

o gravitational instability (long time-scale)

e dynamical inst.  (short time-scale; Vishniac, 1983; 1994)
1

e Rayleigh-Taylor instability

e magnetic field:
Parker inst. (Parker 1966)

Wardle inst. (Wardle, 1990)

HlLII:\IIHJ:IIHIH\l\\I!Wlll\HEHIH‘H!.IHH‘\H

o ionized shell instability (Garcia-Segura & Franco, 1996)
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Momentum driven shell

e expanding HIl region studied numerically e.g. by
Mac Low et al. (2007) and Dale et al. (2007)

e we concentrate on grav. inst. — momentum driven shell
e parameters: M, T, Ry and Vy — Rax

e Important time-scales:

free fall ti m Rl
r Ime: A
ee fall time: ftg = 2(CM) L2
. . 87 R>
grav. Inst. time: {gp5y = 27” = WGfR}X > where
2 2v12
3V G 20 GM :
W = 27 + — s erowth rate of
max >R \/ AR? 2 T 4c,RZ g

the most unstable wavelength at R,,.x with wavenumber:

P = TGS Rmax _ _GM
max c% 4c§RmaX
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Momentum driven shell 2

: S tg _ (GM)V2 %
e enough time for fragmentation: oy — Toonll 8 > 1
= Nmax <, 04
o expansion of the shell: AR ~ tgcg

e thin shell approximation breaks for modes 1 > nNcutoft

2R . 1/2
Tlcutoff — AEaX — OTlmax
= Nmax < 64
e 3 models: T'=10 K, Ry = 10 pc, Rmax = 23 pc

M Vo L tgrav AR
Mg] ms—1] | "™ | Myr] | Myr] | [pc] | "Teutoff
104 1.56 11.3 25.6 60.8 5.3 26.9
2% 10% | 2.2 22.6 18.1 30.4 3.8 38.1
4x10% | 3.1 45.2 12.8 15.2 2.7 53.8
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36 68 100 132 164 196 228 260

masses only (mc given by cell coordinates), 83 =512

292

1=0

tree nodes identified by multi-index - integer array of size L: (I1,12,13); l; =
> 1-8 . .. number of node on i-th level

> 0. .. multi-index (i.e. node) is of level i-1
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Summary

e MPI paralel tree gravity solver for Flash developed

e only narrow range of parameters where thin shell approximations
applies in case of momentum driven shell

e first low-resolution runs of momentum driven shell, growth rate as
a function of wavelength determined

e long wavelengths grow in agreement with analytical theory, shorter
wavelength grow slower due to finite thickness of the shell

e comparisons to SPH show reasonably good agreement
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