
Extragalati Star ClustersIAU Symposium Series, Vol. Vol. 207, 2001Eva K. Grebel, Doug Geisler, and Dante Minniti, eds.The fragmentation of expanding shells:loud formation rates and massesJan Palou�s, Rihard W�unsh and So�na Ehlerov�aAstronomial Institute, Aademy of Sienes of the Czeh Republi,Bo�n�� II 1401, 141 31 Prague 4, Czeh RepubliAbstrat. The gravitational instability of expanding shells is disussed.Linear and nonlinear terms are inluded in an analytial solution in thestati and homogeneous medium. We disuss the interation of modes andgive the time needed for fragmentation. Masses of individual fragmentsare also estimated and their formation rates and the initial mass funtionare derived. Results of simulations are ompared to observation.1. IntrodutionThe time evolution of the gravitational ollapse of perturbations in deelerat-ing, isothermal shoked layers has been examined numerially and analytiallyusing linearized equations by Elmegreen (1994). In this paper, we ontinue withnonlinear analysis of the gravitational instability of spherially symmetri shellsexpanding into the stationary homogeneous medium. We modify the approahadopted by Fuhs (1996) who desribed the fragmentation of uniformly rotatingself-gravitating disks. The inlusion of higher order terms helps to determinewith better auray when, where and how quikly the fragmentation happens.Formation rates and the mass distribution funtion of fragments are derivedfrom simulations and ompared to the observed mass spetrum of moleularlouds.2. Hydrodynamial and Poisson equations on the surfae of a thinshellEquations as derived by W�unsh & Palou�s (2001) are�m�t + (r;m~v) = A V �0; (1)1A d(m~v)dt = �2r�� �r�; (2)�� = 4�G�Æ(z) ; (3)where V is the expansion veloity of the shell, m is mass in the area A on thesurfae of the shell, and ~v denotes a two dimensional veloity of surfae ows.� is the surfae density,  is the onstant isothermal sound speed inside the old1
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Figure 1. Left: the evolution of the maximum surfae density per-turbation in the linear and nonlinear ase. Right: the mass spetrumof fragments. The straight line is the power law �t of the dereasingpart of the spetrum m�1:4frag.shell, � is the gravitational potential generated by the mass distribution in theshell, G is the gravitational onstant and Æ(z) is a delta funtion of the spaeoordinate z perpendiular to the surfae of the shell.2.1. The linear solutionThe solution of linearized Eq. (1 - 3) may be written in the form of exponentialfuntions for the perturbations: �1�L (perturbed surfae density) and ~v � ei!t.The shell starts to be gravitationally unstable when! = i3VR �s�V 2R2 + �22R2 � 2�G�0�R (4)is purely imaginary and negative. R denotes the radius and �0 the unperturbedsurfae density of the shell. ! is the angular frequeny, in the ase of instabilityi! gives the perturbation growth rate, and � the wave number of perturbations.The time evolution of �0 and of �1�L, is shown in Fig. 1 for shell expanding inthe homogeneous medium of the onstant volume density 1 m�3 and averageatomi weight 1.3. The total energy released is 1053 erg and  = 1 km s�1.2.2. The nonlinear analysisW�unsh & Palou�s (2001) inlude quadrati terms into equations for the evolutionof perturbations. The time evolution of the perturbed maximum surfae densityinluding nonlinear terms, �1�NL, is given in Fig. 1. As another result of thenonlinear analysis Fig. 2 shows the spatial distribution of the surfae densityand veloity vetors of the surfae ows resulting from mode interations.3. Time evolution of fragments and their mass spetrumAfter the time when the shell beomes unstable, the mass of the fragment de-reases as its size dereases. Later, the inow of mass begins to dominate (surfae
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Figure 2. Left: the spatial distribution of the surfae density at t =50 Myr. Right: veloity vetors of the surfae ows at the same time.ows are shown in Fig. 2) and the fragment mass grows. Masses of individualfragments are between a few times 103M� and 1:5�106M� with the highest fre-queny around mfrag � 104M�. Another onsequene of the dispersion relation(4) is that the most massive fragments, orresponding to the smallest unstablewave number �, form very slowly. Therefore, the most massive louds are re-ated at the latest stages of the shell evolution. The mass spetrum of fragmentsis shown in Fig. 1. Its dereasing part an be approximated with a power lawdN=dmfrag � m�frag where � = �1:4. This is quite lose to the observed massspetrum of GMC in the Milky Way. Combes (1991) gives � = �1:5. NAN-TEN survey of the CO emission of the LMC (Fukui, 2001) gives steeper slope:� = �1:9, whih may be onneted to higher level of random motions in theLMC ompared to the Milky Way, whih restrits the formation of late timemassive fragments in the LMC and steepens their mass spetrum.Aknowledgements The authors gratefully aknowledge �nanial support bythe Grant Ageny of the Aademy of Sienes of the Czeh Republi under thegrant No. A 3003705 and support by the grant projet of the Aademy ofSienes of the Czeh Republi No. K1048102.ReferenesCombes F. 1991, ARA&A29, 195Elmegreen, B. G. 1994, ApJ427, 384Fuhs, B. 1996, MNRAS287, 985Fukui Y. 2001, this proeedingsW�unsh R., & Palou�s J. 2001, A&A, in press


