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Fig. 1. (a) Density of states as a function of w for
two-dimensional granular systems with different fric-
tion coefficient u, the scaled angular frequency is nor-
malized, and the crossover frequency w™* shifts towards
a lower frequency; (b) the average coordination num-
ber (Z) as a function of p in the system; inert: the
crossover frequency w* as a function of Az =z — 3 in

the system.
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Fig. 2. Reduce density of states D(w)/w-w of two-
dimensional granular systems with different friction
coefficient u, here p = 0.001, 0.01, 0.1, 0.2, 0.4, 0.6,
0.8, 1.0 (from bottom to top).
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grid).
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Fig. 5. Displacement vector plots of eigenmodes at (a), (d) w1 = 0.15, (b), (¢) wa = 1.5 and (c), (f) w3 = 0.15 in

the system with p = 0.001 and g = 1.0 respectively. The size of each arrow is proportional to the translational

displacement of the particle at that position, the meaning of the color of each particle from blue to red is the

rotational displacement of the particle at that position larger and larger.
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Vibrational density of states and boson peak in
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Abstract

In this paper, the two-dimensional granular assemblies composed of 2048 mono-dispersed frictional disks are simu-
lated by the discrete element method. A set of eigenvalues and corresponding eigenvectors is obtained by diagonalizing
the Hessian matrix for each stable configuration. The effects of the friction coefficient p of disk on mechanical and
geometrical properties of these systems under isotropic confining are studied. Results show that at a fixed pressure, with
u increasing from 0.001 to 1.0, the crossover frequency w*, which separates the Debye scale region from the platform
of vibrational density of states, and the boson peak wpp gradually shift towards lower frequency, and the intensity
of the boson peak D(wgpp)/wpp increases. These results are mainly attributed to the fact that the system becomes
more and more disordered with the increase of p (i.e., the decrease of the average coordination number), resulting in
more excess modes at w > w*. For a better understanding of the different vibration modes of the two-dimensional
frictional granular systems, we plot the polarization vector diagrams for different frequencies (wl = 0.15, w2 = 1.5 and
w3 = 6.0) for configurations with x = 0.001 and p = 1.0, respectively. Mode analysis results show that the mode at
low (w < 1.0) has a mixed translational-rotational but translational-dominated character; the mode at intermediate fre-
quency (1.0 < w < 4.0) is localized and has a mixed translational-rotational but translational-dominated character; and
the mode at high frequency (w > 4.0) have a strongly rotational in character. It is worth noting that the low-frequency
modes become more localized and the rotational participation fraction also increases as p increases, implying that the

rotational modes play more important role in the system with higher friction coefficient.

Keywords: granular matter, vibrational density of states, boson peak, mode analysis

PACS: 63.50.—x, 45.70.-n, 61.43.—j DOI: 10.7498/aps.65.036301

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11272048, 51239006) and the European
Commission Marie Curie Actions (Grant No. IRSES-294976).

1 Corresponding author. E-mail: zhguohua@sas.ustb.edu.cn

i Corresponding author. E-mail: qcsun@tsinghua.edu.cn

036301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1209/0295-5075/90/14003
http://dx.doi.org/10.1209/0295-5075/90/14003
http://dx.doi.org/10.1038/nphys3006
http://dx.doi.org/10.1038/nphys3006
http://dx.doi.org/10.1103/PhysRevB.85.024206
http://dx.doi.org/10.1103/PhysRevLett.105.025501
http://dx.doi.org/10.1209/0295-5075/90/56001
http://dx.doi.org/10.1209/0295-5075/90/56001
http://www.ncbi.nlm.nih.gov/pubmed/24032840
http://www.ncbi.nlm.nih.gov/pubmed/24032840
http://dx.doi.org/10.1209/0295-5075/87/26001
http://dx.doi.org/10.1103/PhysRevE.83.011403
http://dx.doi.org/10.1103/PhysRevLett.110.198002
http://dx.doi.org/10.1103/PhysRevLett.110.198002
http://dx.doi.org/10.7498/aps.65.036301

	1引 言
	2数值模拟
	3结果与分析
	3.1 态密度
	Fig 1

	3.2 玻色峰
	Fig 2
	Fig 3

	3.3 模式分析
	3.3.1 参与度
	3.3.2 转动模式贡献量
	Fig 4
	3.3.3 模式结构分析
	Fig 5


	4结 论
	References
	Abstract

