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Theoretical model of nucleation for cosmic dust formations
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The condensation and crystallization processes are important for
understanding the origin of cosmic dusts and have seen by various observations. We performed direct
large molecular dynamics simulations of homogeneous nucleation of water which is an important
component of cosmic dusts. We obtained nucleation rates and found a scaling relation of nucleation
rate with remarkable consistency. We also performed molecular dynamics simulations of vapor-to-solid
phase transition and discuss the transition process. Our simulations indicate that the
vapor-to-solid transition occurs through multistep nucleation which is vapor-to-liquid nucleation
(first step nucleation) and crystallization in the supercooled liquid droplets (second step
nucleation), even though the temperature is much lower than the triple temperature. Our results
indicate that the multistep nucleation is a common phenomenon in the first stage of condensation
from vapor to solid in the astrophysical environments.



MD

MD
80

H20 HZO

H20

MD

LAMMPS)



10 1

MD

200K

= 5 nm + @9

T=300K

T=325K

T=350K

T=3TEK

previous MD
Manka et al. 2010
Brus et al. 2009
Kim et al. 2004
Khan et al. 2003
Wolk & Strey 2001

Miller et al. 1983 =1

2012

3

In(S)(TJT-1)""

100%

S-520-28

400

Angelil et al.2015

0.002%

MD



D44, : 2-10, 2017 ,

K. K. Tanaka, J. Diemand, H. Tanaka, and R. Angelil, Analyzing Multistep Homogeneous
Nucleation in Vapor-to-solid Transition Using Molecular Dynamics Simulations, Phys. Rev.
E, 96, 022804, 2017,
10.1103/physreve.96.022804

H. Miura, T. Yamamoto, H. Nomura, T. Nakamoto, K. K. Tanaka, H. Tanaka, and M. Nagasawa,
Comprehensive study of thermal desorption of grain-surface species by accretion shocks
around protostars, The Astrophysical J. 839, 47, 2017, 10.3847/1538-4357/aa67df

Y. Kimura, K. K. Tanaka, T. Nozawa, S. Takeuchi, and Yuko Inatomi, Pure iron grains
are rare in the universe, Science Advances, 3, 1601992, 2017,
10.1126/sciadv.1601992

K. K. Tanaka, H. Tanaka, J. Diemand, and R. Angelil, Nucleation processes revealed
by large-scale molecular dynamics simulations, Proceedings of the 20th International

Conference on Nucleation and Atmospheric Aerosols, p.2-14,

K. K. Tanaka, H. Tanaka, R. Angelil, and J. Diemand, Reply to "*Comment on "Simple
improvements to classical bubble nucleation models® *", Physical Review E, 94, 026802,
2016,
https://doi.org/10.1103/PhysRevE.94.026802

R. Angelil, J. Diemand, K. K. Tanaka, and H. Tanaka, Homogeneous SPC/E water
nucleation in large molecular dynamics simulations, J. Chem. Phys. 143, 0640507, 2015,

https://doi.org/10.1063/1.4928055
K. K. Tanaka, Hidekazu Tnaka, R. Angelil, and J. Diemand, Simple improvements to

classical bubble nucleation models, Physical Review E, 92, 022401, 2015,
10.1103/PhysRevE.92.022401

19
, , 34  Grain Formation
Workshop, KKR , 2017 12 18-20
, Juerg Diemand, Raymond Angelil, 27p-A03,

s , 2017 11 27-29



, 2017 11 6-7

, Juerg Diemand, Raymond Angelil, P4,
, 7 , , 2017 9 25-26
, Juerg Diemand, , Raymond Angelil, Multistep Nucleation from
Vapor-to-Solid in Molecular Dynamics Simulations, , ,
2017 5 24
, Juerg Diemand, , Raymond Angelil,
, , , 2017 3 20
, , 2017 2 14-15 (
11
, , 2016 12 17-18 (
, , Juerg Diemand, Raymond Angelil,
2016, , 2016 9 7 (
, Raymond Angelil, , Juerg Diemand,
, 2016, , 2016 7

13 2016/7/13

, Juerg Diemand, , Raymond Angelil,

2016 7 12 2016/7/11-7/12

, , Raymond Angelil, Juerg Diemand,
, 2016 s
, 2016 5 20 2016/5/20-5/25

S-520-30 s
2016 , , 2016/5/20-5/25



2016 , , 2016/5/20-5/25

, , Juerg Diemand, Raymond Angelil,
, 71 (2016 ),
2016/3/19-22
, , Juerg Diemand, Raymond Angelil,
, 29

, 2015/11/30-12/2

, , Juerg Diemand, Raymond Angelil,

, 2015/7/21-7/22

, , Raymond Angelil, Juerg Diemand,
, 2015 ,
27  2015/5/24-5/28

s , Juerg Diemand, Raymond Angelil,
, 2015
2015 5 25  2015/5/24-5/28
0
o 0
o 0

http://www.hokudai.ac.jp/news/150819_lowtem_pr.pdf

o

@

207S,

, 2015



