
TRIGGERING PRESOLAR CLOUD COLLAPSE AND INJECTION OF SHORT-LIVEDRADIOISOTOPES BY A SUPERNOVA SHOCK WAVE: ADAPTIVE MESH REFINE-MENT CALCULATIONS WITH THE FLASH CODE. S. I. Ipatov1, A. P. Boss1 & E. A. Myhill2,1DTM, Carnegie Institution, Washington DC 2Marymount University, Arlington VA.The short-lived radioisotope (SLRI) 60Fe musthave been synthesized in a supernova [1,2] and theneither injected into the presolar cloud [3,4] or ontothe surface of the solar nebula [5,6]. A similar nu-cleosynthetic event is likely to be the source of thebulk of the solar nebula's 26Al [7,8] and of otherSLRIs. Here we reconsider the problem of trigger-ing the collapse of the presolar cloud and of simul-taneously injecting SLRI with a supernova shockwave. Previous work on this problem [3,4,9,10] usedeither �xed grid or smoothed particle hydrodynam-ics (SPH) codes with a limited ability to resolve �nescale structure in the Rayleigh-Taylor �ngers thatform at the shock/cloud interface and are respon-sible for SLRI injection into the collapsing preso-lar cloud [10]. Here we begin studying this sameproblem with a new hydrodynamics code, FLASH,which promises to able to provide a far superiorability to resolve small scale structure, while pro-viding adequate spatial resolution of the ow in re-gions without strong gradients.The FLASH code is based on adaptive meshre�nement (AMR) by the block-structured adap-tive grid approach. AMR techniques automaticallyinsert new grid points in regions of strong physi-cal gradients, and remove them in regions withoutstrong gradients, in order to maximize the spatialresolution in the crucial regions while minimizingthe computational burden. Advection is handledby the piecewise parabolic method (PPM). PPMincludes a Riemann solver at cell boundaries thathandles shock fronts exceptionally well. In FLASH,PPM is incorporated in a form that is second-orderaccurate in space and time. The Poisson equationfor the cloud's gravitational potential is solved byeither a multipole or multigrid technique. We havetested the FLASH code's ability to reproduce theresults of several di�erent test cases that are rel-evant to the problem of triggering cloud collapse,namely the Sod shock tube problem and the col-lapse of a pressureless sphere. While the perfor-mance of FLASH on the pressureless sphere col-lapse is not as accurate as with codes designed tostudy collapse problems (e.g., [11]), FLASH does asuperb job of handling the Sod shock tube problemon a Cartesian grid, when the shock ows parallelto one axis or at a 45 degree angle.

While the standard FLASH test cases were runon Cartesian grids, we have also reproduced thecorrect results for the Sod shock tube and for pres-sureless cloud collapse on a cylindrical coordinate(R;Z) grid, similar to that used previously [3,4,9,10].We have also tested the stability of the same targetcloud as was used in the previous work, namely theBonner-Ebert (BE) sphere [12], which is the equi-librium structure for a self-gravitating, isothermalsphere of gas. BE spheres are excellent models forthe structure of pre-collapse dense molecular cloudcores seen in star-forming regions [13].The number of grid blocks used by the FLASHcode depends on the initial parameters Nblockx,Nblocky, and lrefinemax. Nblockx and Nblockyregulate the number of large blocks in `x' (R) and `y'(Z) directions, respectively, while lrefinemax deter-mines the number of levels of smaller blocks. Forexample, if lrefinemax=3, then besides the `large'blocks of unit size 1, FLASH generates smaller blocksof sizes 1/2 and 1/4. Each block consists of 16 �16 = 256 grid cells and the number of blocks usedvaries during a run. We considered models withNblockx = Nblocky = lrefinemax = llev .The BE sphere starts with a radius Rs = 1:79 �1017 cm, central density �so = 6:2 � 10�19 g cm�3,and a temperature of 10 K (Figure 1). The BEsphere is stable against collapse for times of order� 60,000 yr (Figure 2). Eventually the dynamicoscillations of the BE sphere lead to collapse at thecenter of the sphere. FLASH followed the collapseto maximum densities of� 10�13 g cm�3 (six ordersof magnitude increase) in 100,000 yr with llev = 4,before the central regions began to rebound. Withllev = 5, a greater maximum density was reached:� 10�12 g cm�3 in 100,000 yr and � 10�11 g cm�3in 106,000 yr. For a uniform density sphere withthe same �so, 10�11 g cm�3 was reached in 87,000yr or 330,000 yr for Rs = 1:79�1017 cm or Rs = 1017cm, respectively.We have demonstrated the ability of the FLASHcode to hold the target BE cloud stable for a suit-able time period. Next we will begin to modelthe interaction of a supernova shock wave with thetarget cloud. Our �rst goal will be to reproducethe previous results with comparable spatial res-olution, and then to see how the results change
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FLASH CODE: Ipatov, Boss & Myhillas the AMR nature of FLASH is employed. Wethen plan to remove the isothermal assumption,and to include an energy equation solution thatwill improve the treatment of this critical part ofthe shock/cloud interaction. Previous work [14]had found that when nonisothermal thermodynam-ics was employed in SPH calculations, it was notpossible for a shock wave to simultaneously trig-ger collapse and to also inject SLRIs, a potentiallyfatal aw for the triggering and injection scenario.However, subsequent work [15] found that improve-ments in the dust grain cooling model led to rapidpost-shock cooling, closer to the isothermal assump-tions used in [3,4,9,10]. Our goal is to use FLASHto determine if the triggering and injection scenario[16] is consistent with post-shock cooling processes.The software used in this work was in part devel-oped by the DOE-supported ASCI/Alliances Cen-ter for Astrophysical Thermonuclear Flashes at theUniversity of Chicago.

Fig. 1. Density of the target cloud, a Bonnor-Ebertsphere with a radius of 0.058 pc, on the cylindricalcoordinate FLASH grid. The Ẑ axis is vertical, andthe R̂ axis is horizontal. The gray scale gives thelog of the cloud density in units of g cm�3.

Fig. 2. Same as Fig. 1 but after 58,000 yrs of evo-lution. The target cloud oscillates but does notcollapse over this time period.References: [1] Mostefaoui, S., Lugmair, G. &Hoppe, P. (2005), ApJ, 625, 271. [2] Tachibana,S. et al. (2006), ApJ, 639, L87. [3] Vanhala, H. A.T. & Boss, A. P. (2000), ApJ, 538, 911. [4] Vanhala,H. A. T. & Boss, A. P. (2002), ApJ, 575, 1144. [5]Desch, S. J. & Ouellette, N. (2005), LPSC XXXVI,#1327. [6] Ouellette, N. & Desch, S. J. (2006),LPSC XXXVII, #2348. [7] Limongi, M. & ChieÆ,A. (2006), ApJ, 647, 483. [8] Sahijpal, S. & Soni,P. (2006), MAPS, 41, 953. [9] Foster, P. N. & Boss,A. P. (1996), ApJ, 468, 784. [10] Foster, P. N. &Boss, A. P. (1997), ApJ, 489, 346. [11] Boss, A. P.& Myhill, E. A. (1992), ApJS, 83, 311. [12] Bon-nor, W. B. (1956), MNRAS, 116, 351. [13] Shirley,Y. L. et al. (2005), ApJ, 632, 982. [14] Vanhala,H. A. T. & Cameron, A. G. W. (1998), ApJ, 508,291. [15] Vanhala, H. A. T. & Boss, A. P. (1999),LPSC XXX, #1433. [16] Boss, A. P. (1995), ApJ,439, 224.
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