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About the Conference 
 
Introduction 

The workshop aims to bring together applied and computational mathematicians, 

chemists, physicists and material scientists working on computational quantum systems 

to share their recent research developments in theory and numerical methods as well as 

applications in material sciences and exchange ideas.  

Organizers 

Wei Cai, UNC Charlotte/SJTU 

Tiao Lu (co-chair), Peking University 

Sihong Shao (co-chair), Peking University 

Invited Speakers 

1. Bao, Weizhu (NUS)  
2. Chen, Jingrun (Soochow)  
3. Dai, Xiaoying (CAS)  
4. Gao, Xingyu (IAPCM)  
5. Hu, Guanghui (U. Macau) 
6. Hu, Jingwei (Purdue) 
7. Huang, Zhongyi (Tsinghua)  
8. Jiang, Hong (PKU) 
9. Kang, Wei (PKU)  
10. Lin, Lin (UC Berkeley)  
11. Liu, Wenjian (PKU) 
12. Liu, Xin (CAS)  
13. Lu, Tiao (PKU)  
14. Meng, Jie (PKU) 
15. Ren, Xinguo (USTC) 
16. Shao, Sihong (PKU)  
17. Tang, Huazhong (PKU) 
18. Tang, Min (SJTU)  
19. Tang, Shaoqiang (PKU)  
20. Wang, Hanquan (Yunnan F.E.) 
21. Xia, Yinhua (USTC)  
22. Xiao, Yunlong (PKU)  
23. Yu, Haijun (AMSS) 
24. Zhang, Jiwei (CSRC) 
25. Zheng,Chunxiong (Tsinghua)  

http://ins.sjtu.edu.cn/faculty/caiwei


Workshop Schedule 
 
Day 1 (Dec 18, 2015)  

Chair: Shao, Sihong 

8:00-9:15 Registration Room 601 

9:15-9:30 Opening remarks  

Morning Session, Chair: Shao, Sihong 

9:30-10:10 G0W0 Theory: a numerical perspective Lin, Lin 

10:10-10:50 

Large-scale first-principles molecular 

dynamic simulation for threshold 

displacement energy calculations of metals 

Gao, Xingyu 

10:50-11:20 Coffee Break 

11:20-12:00 

GW with linearized augmented plane 

waves extended by high-energy local 

orbitals 

Jiang, Hong 

12:20-14:00 Lunch 

Afternoon Session, Chair: Lu, Tiao 

14:00-14:40 

Numerical methods and comparison for 

the Dirac equation in the nonrelativistic 

limit regime 

Bao, Weizhu 

14:40-15:20 Relativistic explicit and strong correlations Liu, Wenjian 

15:20-15:50 Coffee Break 

15:50-16:30 

A Gradient Reflection Method for 

Orthogonal Constrained Optimization 

Problems 

Liu, Xin 

16:30-17:10 
Numerical Methods for Nonlinear Dirac 

Equations 

Tang, 

Huazhong 

18:00-20:00 Dinner 

 



Day 2 (Dec 19, 2015) 
 

Morning Session, Chair: Lin, Lin 

8:30-9:10 
Relativistic Density Functional for Nuclear 

Structure 
Meng, Jie 

9:10-9:50 
Relativistic methods for NMR shielding and 

NSR constant 
Xiao, Yunlong 

9:50-10:20 Coffee Break 

10:20-11:00 
Efficient GW Method Based on an Enhanced 

Static Approximation 
Kang, Wei 

11:00-11:40 

Localized resolution-of-identity approach 

to correlated methods under periodic 

boundary conditions 

Ren, Xinguo 

12:00-14:00 Lunch 

Afternoon Session, Chair: Ren, Xinguo 

14:00-14:40 
ALEX boundary condition with applications 

to Schrodinger equation 

Tang, 

Shaoqiang 

14:40-15:20 

Convergence of the stationary quantum 

transport equation with inflow boundary 

conditions 

Lu, Tiao 

15:20-15:50 Coffee Break 

15:50-16:30 
Numerical simulation of quantum system 

with periodic potential 
Huang, Zhongyi 

16:30-17:10 

Computation of Schrodinger equation in 

the semi classical regime on unbounded 

domain 

Zhang, Jiwei 

17:10-17:50 
Sparse grid methods for electronic Schrodi

nger equation Yu, Haijun 

18:00-20:00 Dinner 



 

Day 3 (Dec 20, 2015) 
 

Morning Session, Chair: Zheng, Chunxiong 

8:30-9:10 
Time Dependent Many-Body Wigner 

Simulations 
Shao, Sihong 

9:10-9:50 
The Gaussian Beam Method for Wigner 

Equation with Discontinuous Potentials 
Tang, Min 

9:50-10:20 Coffee Break 

10:20-11:00 
Global geometrical optics method for the 

vector-valued Schrodinger problems 

Zheng, 

Chunxiong 

11:00-11:40 

Numerical studies on the Dynamics of 

Solitons and Vortices in Quantum Electron 

Plasmas 

Wang, Hanquan, 

12:00-14:00 Lunch 

Afternoon Session, Chair: Gao, Xingyu 

14:00-14:40 
A Parallel Orbital-Updating Approach for 

Electronic Structure Calculations 
Dai, Xiaoying 

14:40-15:20 
Towards translational invariance of total 

energy: an adaptive finite element approach 
Hu, Guanghui 

15:20-15:50 Coffee Break 

15:50-16:30 

A fully discrete stable discontinuous 

Galerkin method for the thin film epitaxy 

problem without slope selection 

Xia, Yinhua 

16:30-17:10 
Spin-polarized transport in ferromagnetic 

materials 
Chen, Jingrun 

17:10-17:50 
Fast algorithms for the quantum Boltzmann 

collision operator Hu, Jingwei 

 



Abstract of Talks 

Bao, Weizhu 

National University of Singapore and Beijing Computational Science Research Center 

Title: Numerical methods and comparison for the Dirac equation in the nonrelativistic limit regime 

Abstract: In this talk, I will review our recent works on numerical methods and analysis for solving the 

Dirac equation in the nonrelativistic limit regime, involving a small dimensionless parameter which is 

inversely proportional to the speed of light. In this regime, the solution is highly oscillating in time and 

the energy becomes unbounded and indefinite, which bring significant difficulty in analysis and heavy 

burden in numerical computation. We begin with four frequently used finite difference time domain 

(FDTD) methods and the time splitting Fourier pseudospectral (TSFP) method and obtain their rigorous 

error estimates in the nonrelativistic limit regime by paying particularly attention to how error bounds 

depend explicitly on mesh size and time step as well as the small parameter. Then we consider a 

numerical method by using spectral method for spatial derivatives combined with an exponential wave 

integrator (EWI) in the Gautschitype for temporal derivatives to discretize the Dirac equation. Rigorous 

error estimates show that the EWI spectral method has much better temporal resolution than the FDTD 

methods for the Dirac equation in the nonrelativistic limit regime. These methods and results are then 

extended to the nonlinear Dirac equation in the nonrelativistic limit regime. Finally, we present a 

multiscale time integrator Fourier pseudospectral (MTIFP) method for the Dirac equation, which is 

uniformly accurate for the dimensionless parameter. Numerical results demonstrate that our error 

estimates are sharp and optimal. 

 

Chen, Jingrun 

Soochow University 

Title: Spin-polarized transport in ferromagnetic materials 

Abstract: Magnetic storage devices rely on the fact that ferromagnetic materials are typically bistable, 

and that it is possible to switch between different states by applying a magnetic field. Recent 

developments include magnetoresistance random access memories and race-track memories, with the 

underlying mechanism known as spin transfer torque, proposed by Slonczweski and Berger 

independently. In this talk we will discuss the connection between several models for the description of 

the spin transfer torque at different physical scales. Specifically, we connect the quantum and kinetic 

descriptions via the Wigner transform, and the kinetic and diffusion models using a moment closure 

technique. A non-isotropic diffusion term is obtained, independent of the closure assumption. 

Simulation results will be presented to illustrate the applicability and limit of the different models for 

magnetic bilayers and domain wall motions. Under certain conditions, we prove that the Boltzmann 

equation for spin is the semi classical limit of the Schrodinger equation in the Spinor form. 

 

 



Dai, Xiaoying 

Academy of Mathematics and Systems Science 

Title: A Parallel Orbital-Updating Approach for Electronic Structure Calculations 

Abstract: In this talk, we will propose an orbital iteration based parallel approach for electronic structure 
calculations. This approach is based on our understanding for the single-particle equations of 
independent particles that move in an effective potential. With this new approach, the solution of the 
single-particle equation is reduced to some solutions of independent linear algebraic systems and a 
small scale algebraic problem. It is demonstrated by our numerical experiments that this new approach 
is quite efficient for electronic structure calculations for a class of molecular systems. This is a joint work 
with Xingong Gao, Aihui Zhou, and Jinwei Zhu. 

 

Gao, Xingyu 

Institute of Applied Physics and Computational Mathematics 

Title: Large-scale first-principles molecular dynamic simulation for threshold displacement energy 
calculations of metals 

Abstract: The first principles molecular dynamic simulation is a feasible way to predict the threshold 
displacement energy of materials. But it is obstacled by the space and time scale limit for metals. 
Therefore we develop three high performance enabling methods containing adaptive time stepping, 
wave functions' alignment and more parallel scalable FFT. In the calculations of threshold displacement 
energy of zirconium, we utilize the three key techniques to realize the dynamic simulation of 9600 
valence electrons and 1 picosecond on the Tianhe-2 supercomputer. This is joint work with Jun Fang, 
Han Wang and Deye Lin. 

 

Hu, Guanghui 

University of Macau 

Title: Towards translational invariance of total energy: an adaptive finite element approach 

Abstract: In this talk, we will present an adaptive finite element method for solving Kohn-Sham 

equation. The numerical framework consists of a self-consistent field iteration method to linearize the 

Kohn-Sham equation, and a locally optimal block preconditioned conjugate gradient method with an 

AMG method as the preconditioner to solve the generalized eigenvalue problem. To improve the 

algorithm efficiency, the h-adaptive method is introduced, and the error indicator is designed for 

preserving the translational invariance of the total energy of the system, which is crucial for further 

study on molecular dynamics. Numerical tests show the effectiveness of the method. 

 

 

 



Huang, Zhongyi 

Tsinghua University 

Title: Numerical simulation of quantum system with periodic potential 

Abstract: In this talk, we consider the numerical solution of the Schrodinger equation with a periodic 

lattice potential and a random perturbation. This is an important model in solid state physics where the 

randomness is involved to describe some complicated phenomena that are not exactly known. Here we 

generalize the Bloch decomposition-based time-splitting pseudo-spectral method to the stochastic 

setting using the generalized polynomial chaos with a Galerkin procedure so that the main effects of 

dispersion and periodic potential are still computed together. We prove that our method is 

unconditionally stable and numerical examples show that it has other nice properties and is more 

efficient than the traditional method. Finally, we give some numerical evidence for the well-known 

phenomenon of Anderson localization. 

 

Jiang, Hong 

Peking University 

Title: GW with linearized augmented planewaves extended by high-energy local orbitals 

Abstract: Many-body perturbation theory in the GW approximation is currently the most accurate and 
robust first-principles approach to determine electronic band structure of weakly correlated insulating 
materials without any empirical input [1]. Recent GW results for ZnO with more careful investigation of 
the convergence with respect to the number of unoccupied states have raised hot debates regarding the 
numerical accuracy of previously reported GW results using either pseudopotential planewaves or all-
electron linearized augmented planewaves (LAPW). The later has been arguably regarded as the most 
accurate scheme for electronic structure theory for solids. This work aims to solve the ZnO puzzle by a 
systematic investigation on the effects of including high-energy local orbitals (HLOs) in the LAPW-based 
GW [2] calculations of semiconductors. Using ZnO as the prototypical example, it is shown that the 
inclusion of HLOs has mainly two effects: it improves the description of high-lying unoccupied states by 
reducing the linearization errors of the standard LAPW basis, and in addition it provides an efficient way 
to achieve the completeness in the summation of states in GW calculations. By investigating the 
convergence of GW band gaps with respect to the number of HLOs for several other typical examples, it 
was found that the effects of HLOs are highly system-dependent, and in most cases the inclusion of 
HLOs changes the band gap by less than 0.2 eV. Compared to its effects on the band gap, the 
consideration of HLOs has even stronger effects on the GW correction to the valence band maximum, 
which is of great significance for the $GW$ prediction of the ionization potentials of semiconductors. By 
considering an extended set of semiconductors with relatively well established experimental band gaps, 
it was found that in general using HLOs-enhanced LAPW basis significantly improves the agreement with 
experiment for both the band gap and the ionization potential, and overall the partially self-consistent 
GW0 approach based on generalized gradient approximation gives optimal performance.   

References: 

[1] H. Jiang, Acta Phys.-Chim. Sin.,26, 1017(2010).   

[2] H. Jiang, R. I. Gomez-Abal, X. Li, Ch. Meisenbichler, C. Ambrosch-Draxl, and M. Scheffler, , Computer Phys. Commun.,184, 348(2013). 



Hu, Jingwei 

Purdue University 

Title: Fast algorithms for the quantum Boltzmann collision operator 

Abstract: The quantum Boltzmann equation describes the non-equilibrium dynamics of a system 

comprised of a large number of quantum particles such as bosons or fermions. The most prominent 

feature of this equation is a high-dimensional integral operator modeling particle collisions, whose 

nonlinear and nonlocal structure poses a great challenge for numerical simulation. I will introduce two 

fast algorithms for the quantum Boltzmann collision operator. The first one is a quadrature based solver 

specifically designed for the collision operator in reduced energy space. Compared to cubic complexity 

of a direct evaluation, our algorithm runs in only linear complexity (optimal up to a logarithmic factor). 

The second one accelerates the computation of the full phase space collision operator. It is a spectral 

method based on a low rank expansion of the collision kernel. Numerical examples including an 

application to semiconductor device modeling are presented to illustrate the efficiency and accuracy of 

the proposed algorithms. 

 

Kang, Wei 

Peking University 

Title: Efficient GW Method Based on an Enhanced Static Approximation 

Abstract: Through an examination to the static Coulomb-hole and screened exchange (COHSEX) 

approximation proposed by Hedin, we find that most of its errors derive from the short wavelength 

contributions to the Coulomb-hole (COH) term.  The origin of these errors can be traced back to the 

“adiabatic” accumulation of the screened Coulomb interaction that is assumed.  Based on these 

observations, we propose a “non-adiabatic” correction to the static COHSEX model, which is described 

by a wavenumber-dependent multiplicative factor in the COH term. We show that this factor can be 

approximated by a single scaling function, determined from the homogeneous electron gas model.  The 

local field effect in real materials is captured by a simple ansatz based on symmetry considerations. This 

new method inherits the efficiency of the static COHSEX. Tests for a series of crystals and molecules are 

surprisingly accurate suggesting that this approach may be very promising to reduce the unfavorable 

scaling of calculations based on the GW approach with system size impedes many applications. 

 

 

 

 

 

 



Lin, Lin 

University of California, Berkeley 

Title: G0W0 Theory: a numerical perspective 

Abstract: Many body perturbation theory, particularly represented by the GW theory, has wide 
applications in physics, chemistry and materials science. The GW theory can significantly improve the 
accuracy of the description of electron excitation properties, such as band gaps, compared to density 
functional theory (DFT) calculations. In practice the most widely used form of the GW theory is the 
G0W0 theory, where "0" means that the Green's function G, and the screened exchange function W, are 
constructed directly from DFT calculations. Even with such simplification, the G0W0 theory is still 
numerically expensive to carry out in practice, particularly in the full-frequency regime. In order to 
reduce the computational complexity, various numerical techniques have been proposed in literature. 
The common character of these approaches is to perform low rank decomposition of related operators. 
Since many such operators can become singular at certain frequencies in the complex plane, it is not 
clear whether such numerical approximation, or any numerical approximation at all, can provide a 
numerically stable solution to the G0W0 theory. We carefully study the numerical behavior of G0W0 
theory. We propose a new contour deformation approach, which allows numerically stable solution 
under certain physical assumptions. Numerical results for small molecules with low rank representation 
of the screened exchange operator will be presented. 

 

Liu, Wenjian 

Peking University 

Title: Relativistic explicit and strong correlations 

Abstract: In this lecture, I will first highlight the fundamental problems pertinent to relativistic explicitly 
correlated wave function methods [1, 2]. I will then present two genetic frameworks for strongly 
correlated electrons, viz., "first dynamic then static"[3] and "static-dynamic-static" (SDS) [4]. The former 
is based on the observation that dynamic correlation is universal while static correlation is strongly case 
dependent. When combined with "different orbitals for different charge/spin distributions" or 
"constrained, dynamically correlated states", the paradigm leads to very efficient approaches for 
strongly correlated electrons. By contrast, the SDS paradigm aims to handle the static and dynamic 
components of correlation in an automatic and dynamically balanced manner. Even its simplest 
realization, SDS-MS-MRPT2 (multi-state multi-reference second order perturbation theory), is already 
very accurate for classic difficult problems. When further iterated, it can converge quickly and 
monotonically from above to full CI [5]. 

References: 

[1] Z. Li, S. Shao, and W. Liu, J. Chem. Phys. 136, 144117 (2012).   

[2] W. Liu, S. Shao, and Z. Li,  Relativistic explicit correlation: problems and   solutions in Handbook of Relativistic Quantum Chemistry, edited by 
W. Liu (ISBN 978-3-642-40765-9, Springer-Verlag, 2016).   

[3] W. Liu, Mol. Phys. 108, 1679 (2010).   

[4] W. Liu and M. Hoffmann, Theor. Chem. Acc. 133, 1481 (2014).   

[5] W. Liu and M. Hoffmann, J. Chem. Phys. (ASAP). 

 



Liu, Xin 

Academy of Mathematics and Systems Science, Chinese Academy of Sciences 

Title: A Gradient Reflection Method for Orthogonal Constrained Optimization Problems 

Abstract: The orthogonal constrained optimization can be widely applied to many areas. For instance, in 

material science, the discretized Kohn-Sham energy minimization is an orthogonal contained 

optimization problem. However, once the objective is nonconvex or includes a linear term, the problem 

becomes very difficult to solve. In this paper, we propose a gradient reflection method which consists 

with two parts. In the first part, a gradient reflection step, based on Householder transformation, is 

calculated by a closed-form formula. The second part, a symmetrization step is employed to symmetrize 

the Lagrangian multiplier of the orthogonal constraint. Global convergence for this approach is 

established. Preliminary experiments illustrate that the new algorithm performs well and is of great 

potential. 

 

Lu, Tiao 

Peking University 

Title: Convergence of the stationary quantum transport equation with inflow boundary conditions 

Abstract: The (semi-) classical Boltzmann/Vlasov equation has become a popular tool in many fields 

such as semiconductor device simulation and plasma transportation. As the density of the carriers 

becomes extremely high or the size of semiconductor devices becomes extremely small, the quantum 

effects such as, quantum tunneling, will be non-ignorable. As a quantum counterpart of the classical 

transport equation (the Boltzmann/Vlasov equation), the Wigner transport equation has been attracted 

many researchers. Though many numerical schemes have been designed, the numerical convergence 

with respect to the velocity mesh has not been thoroughly studied. Recently, we proposed a semi-

discrete version of the Wigner equation and proved that the constructed numerical solution by using the 

Shannon-Whittaker interpolation formula converges to the solution of the continuous BVP as the 

velocity mesh size goes to zero. This is a joint work with Anton Arnold, Ruo Li and Zhangpeng Sun. 

 

 

 

 

 

 

 

 



Meng, Jie 

Peking University 

Title: Relativistic Density Functional for Nuclear Structure 

Abstract: The talk starts with some basic ideas and concepts of relativistic density functional theory. The 

theoretical framework is introduced including meson-exchange and point-coupling representations, with 

or without exchange terms. The hidden relativistic symmetries in the nuclear single-particle spectrum is 

discussed, in particular, pseudospin symmetry and spin symmetry. The success application in describing  

nuclear and nuclear astrophysical phenomena are discussed. 

 

Ren, Xinguo  

University of Science and Technology of China 

Title: Localized resolution-of-identity approach to correlated methods under periodic boundary 
conditions 

Abstract: Implementing approaches beyond local-density and generalized gradient approximations 

(LDA/GGA) with numerical atomic orbitals (NAO) is difficult due to the large number of multi-center 

integrals that have to be evaluated numerically.  Using the resolution-of-identity technique, we have 

implemented several "beyond-LDA/GGA" approaches [1] in the FHI-aims code [2], which enables 

efficient calculations for molecular systems. However, a straightforward extension of this technique to 

infinite periodic systems is still prohibitively expensive.    With a recently developed localized RI 

approximation [3], we have carried out a NAO-based implementation of hybrid functions [4], the 

random-phase approximation (RPA), and GW for periodic systems.  In this talk, I will present the basic 

algorithm used in our implementation of RPA and GW in FHI-aims. Benchmark results will be shown to 

demonstrate the accuracy and efficiency of the implementation.  The promise and remaining challenges 

will be highlighted.     

References: 

[1] X. Ren, P. Rinke, V. Blum, J. Wieferink, A. Tkatchenko, A. Sanfilippo, K. Reuter, and M. Scheffler,  New. J. Phys. 14, 053020 (2012).   

[2] V. Blum, R. Gehrke, F. Hanke, P. Havu, V. Havu, X. Ren, K. Reuter, and M. Scheffler, Comm. Phys. Comm. 180, 2175 (2009).   

[3] A.C. Ihrig, J. Wieferink, I.Y. Zhang, M. Ropo, X. Ren, P. Rinke, M. Scheffer, and V. Blum, New J. Phys. 17, 093020 (2015).   

[4] S. V. Levchenko, X. Ren, J. Wieferink, R. Johanni, P. Rinke, V. Blum,  and M. Scheffler, Comp. Comm. Phys. 192, 60 (2015). 

 

 

 

 

 

 

 



Shao, Sihong 

Peking University 

Title: Time Dependent Many-Body Wigner Simulations 

Abstract: The Wigner quasi distribution approach, a formulation of quantum mechanics in phase space 

language bearing a close analogy to classical mechanics, has been drawing growing attention, especially 

in simulating quantum many-body systems. In this talk, we will summarize recent progress in numerical 

methods for the time dependent Wigner equation. Three numerical algorithms will be highlighted. They 

are: Cell average spectral element methods for one-dimensional one-body simulations, advective-

spectral-mixed methods for one-dimensional two-body simulations and signed particle Monte Carlo 

methods for many-body simulations. 

 

Tang, Huazhong 

Peking University 

Title: Numerical Methods for Nonlinear Dirac Equations 

Abstract: The Dirac equation is a relativistic wave equation in particle physics, formulated in 1928, and 

describes fields corresponding to elementary spin-½  particles (such as the electron) as a vector of four 

complex numbers (a bi-spinor), in contrast to the Schrödinger equation which described a field of only 

one complex value. It implied the existence of a new form of matter, antimatter, hitherto unsuspected 

and unobserved, and actually predated its experimental discovery.    This talk concentrates on a (1+1)-

dimensional nonlinear Dirac (NLD) equation with a general self-interaction, which is a linear combination 

of the scalar, pseudoscalar, vector and axial vector self-interactions to the power of the integer k. The 

solitary wave solutions to the NLD equation are analytically derived, and the number of solitary humps 

in the charge and energy densities is proved in theory. The results show that for a given integer k, the 

number of solitary humps for the charge density is not bigger than 4, while the number of solitary 

humps for the energy density is not bigger than 3.    This talk also presents some numerical methods for 

NLD equation and a careful numerical study of the interaction dynamics for the solitary waves of 

nonlinear Dirac equation with scalar self-interaction by using a fourth order accurate Runge–Kutta 

discontinuous Galerkin method and the phase plane method. Some new interaction phenomena are 

observed: (a) a new quasi-stable long-lived oscillating bound state from the binary collisions of a single-

humped soliton and a two-humped soliton; (b) collapse in binary and ternary collisions; (c) strongly 

inelastic interaction in ternary collisions; and (d) bound states with a short or long lifetime from ternary 

collisions. 

 

 

 

 



Tang, Min 

Shanghai Jiao Tong University 

Title: The Gaussian Beam Method for Wigner Equation with Discontinuous Potentials 

Abstract: For the Wigner equation with discontinuous potential, a phase space Gaussian beam (PSGB) 

summation method is proposed in this paper. We first derive the equations satisfied by the parameters 

for PSGBs and find out the parameter relations between Gaussian beams in physical space (GBs) and 

phase space. The method can be divided into three steps: 1) Decompose the initial value of the wave 

function into the sum of GBs and use the parameter relations to get the initial values of PSGBs; 2) Solve 

the evolution equations for each PSGB; 3) Sum all the PSGBs and their interferences up to construct the 

approximate solution of the Wigner equation. Additionally, in order to connect PSGBs at the 

discontinuous points of the potential, we establish a series of interface conditions for a single phase 

space Gaussian beam. Numerical examples are given to verify the validity and accuracy of method. 

 

Tang, Shaoqiang 

Peking University 

Title: ALEX boundary condition with applications to Schrodinger equation 

Abstract: In this talk, we shall describe an ALEX (Almost Exact) boundary condition, which is based on an 

approximate linear relation among Bessel functions of high order. It is applied to linear and nonlinear 

Schrodinger equations. Being local in both space and time, it is effective in suppress spurious reflections. 

Numerical tests illustrate the nice features. 

 

Wang, Hanquan 

Yunnan University of Finance and Economics 

Title: Numerical studies on the Dynamics of Solitons and Vortices in Quantum Electron Plasmas 

Abstract: We present numerical simulation on the formation and dynamics of dark solitons and vortices 

in quantum electron plasmas. The quantum electron dynamics is governed by the nonlinear Schrodinger 

and Poisson system, which conserves the number of electrons as well as their momentum and energy. 

The governing system in one spatial dimension admits stationary solutions in the form of a dark soliton. 

The dynamics of soliton reveals its robustness. In addition, we numerically demonstrate the existence of 

cylindrically symmetric two-dimensional quantum electron vortices, and the rich dynamics of vortices. 

We solve the Schrodinger and Poisson system in space with Chebyshev-collocation method and in time 

with Crank-Nicolson method. The spectral method presented here keeps well the conservation laws of 

the system. The nonlinear dynamics presented here may serve the purpose of investigating information 

at quantum scales in dense plasmas, such as those created during intense laser-matter interactions. 

 



Xia, Yinhua  

University of Science and Technology of China  

Title: A fully discrete stable discontinuous Galerkin method for the thin film epitaxy problem without 

slope selection 

Abstract: In this talk, we develop an energy stable fully discrete discontinuous Galekin (DG) finite 

element method for the thin film epitaxy problem. Based on the method of lines, we construct and 

prove the energy stability of the spatial semi-discrete DG scheme firstly. To avoid the strict time step 

restriction of the explicit time integration method, the first order convex splitting method is used to get 

an unconditionally stable fully discrete DG method, which is a linearly implicit scheme for this nonlinear 

problem. The energy stability of the fully discrete convex splitting DG scheme is also proved. To improve 

the temporal accuracy, spectral deferred correction (SDC) method is adapted to achieve the high order 

accuracy in both time and space. Combining with the convex splitting method, the SDC method can be 

linearly solvable, high order accurate and stable in our numerical tests. These advantages ensure that 

the resulting fully discrete DG scheme is efficient to perform the long time simulation of the thin film 

epitaxy model. Numerical experiments of the accuracy and longtime simulation show the capability and 

efficiency of the method. 

 

Xiao, Yunlong 

Peking University 

Title: Relativistic methods for NMR shielding and NSR constant 

Abstract: The nonrelativistic methods for nuclear magnetic resonance (NMR) shielding and nuclear spin-

rotation (NSR) constant, as well as their connection were established in 1950 by Ramsey [1]. We have 

generalized such a non-relativistic connection to a relativistic one [2]. In this talk, I will address two 

problems. The first one is how to apply the distributed gauge origin methods in this relativistic 

connection [3]. The second one is how to use such a relativistic connection to establish an accurate scale 

for absolute nuclear magnetic shielding. [4]  

References: 

[1] N. F. Ramsey, Phys. Rev. 78, 699 (1950).   

[2] Y. Xiao and W. Liu, J. Chem. Phys. 138, 134104 (2013).   

[3] Y. Xiao, Y. Zhang, and W. Liu, J. Chem. Phys. 141, 164110 (2014).   

[4] Y. Xiao, Y. Zhang, and W. Liu, J. Chem. Theory Comput. 10, 600 (2014). 

 

 

 

 

 



Yu, Haijun 

Academy of Mathematics and Systems Science 

Title: Sparse grid methods for electronic Schrodinger equation 

Abstract: Sparse grid methods is one of the popular methods to handle high-dimensional problems. It 
was proved that the wave function of Schrodinger equation belongs to proper sparse grid approximation 
space. In this talk I will discuss some related works in this approach including our recent results. 

 

Zhang, Jiwei 

Computational Science Research Center 

Title: Computation of Schrodinger equation in the semi-classical regime on unbounded domain 

Abstract: The study of this paper is two-fold: On the one hand, we generalize the high-order local ABCs 
to compute linear and nonlinear Schrodinger equation in the semi-classical regime on unbounded 
domain. We analyze the stability of the equation with local ABCs and the convergence of the Crank-
Nicolson scheme that discretizes it and we conclude that when the rescaled Planck constant gets small, 
the accuracy deteriorates and the requirements on time step and mesh size get tough. This leads to the 
second part of our study. We propose an asymptotic method based on the frozen Gaussian 
approximation. The absorbing boundary condition is dealt by a simple strategy that all the effects of the 
Gaussian functions which contribute to the outgoing waves will be eliminated by stopping the 
Hamiltonian flow of their centers when they get out of the domain of interest. We present numerical 
examples in both one and two dimensions to verify the performance of the proposed numerical 
methods. 
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Title: Global geometrical optics method for the vector-valued Schrodinger problems 

Abstract: We extend the theory of global geometrical optics method, proposed originally for the scalar 
high-frequency wave-like equations in [Commun. Math. Sci., 11(1): 105-140, 2013], to the more general 
vector-valued Schrodinger problems in the semi-classical regime. The key ingredient in the global 
geometrical optics method is a moving frame technique in the phase space. The governing equation is 
changed into a new equation of the same Schrodinger-type when expressed in any moving frame 
induced by the underlying Hamiltonian flow. The benefit of this treatment is such that the classical WKB 
analysis becomes available for arbitrary but fixed evolutionary time. It turns out that a WKB-type 
function defined merely on the underlying Lagrangian manifold can be formed with this moving frame 
technique, and from which a uniform first order approximation of the wave field can be derived, even 
around caustics. We apply the general theory to two specific instances. One is the two-level Schrodinger 
system and the other is the periodic Schrodinger equation. Numerical tests validate the theoretical 
results. 

 



Useful Information 

Time & Venue 

December 18-20, 2015. 

Room 601, Pao Yue-Kong Library, Institute of Natural Sciences, Minhang Campus, 

Shanghai Jiao Tong University. 

上海交通大学自然科学研究院包玉刚图书馆 601 教室 

 

Accommodation 

Huhua Hotel 沪华饭店 

No. 300 He Qing Road, Minghang District, Shanghai 

上海市闵行区鹤庆路 300 号 

 

Registration 

12/18, 8-9:15am, Room 601, INS, SJTU 

 

Transportation Directions  

 From Pudong International Airport (PVG) to INS, SJTU 
Please give the following message to the taxi driver: 

请送我到闵行区东川路800号上海交通大学自然科学研究院。 

请走S32（从1号航站楼上S32）到剑川路下，到红绿灯处往右拐上剑川路，左拐至沧源路，

再左拐至东川路，进东川路 800 号（近永平路）大门进，进门后向左，然后向北直行200

米在第一个十字路口右转，直行200米车棚处停。 
 
 From Hongqiao International Airport (SHA)/Hongqiao Railway Station to INS, SJTU 
Please give the following message to the taxi driver: 

请送我到闵行区东川路800号上海交通大学自然科学研究院。 

请走S4到剑川路下，到红绿灯处往右拐上剑川路，沿剑川路向西，左拐至沧源路，再左



拐至东川路，进东川路 800号（近永平路）大门进，进门后向左，然后向北直行200米，

在第一个十字路口右转，直行200米车棚处停。 
 
 From Pudong International Airport (PVG) to the Huhua Hotel 
Please give the following message to the taxi driver: 

请送我到闵行区鹤庆路300号（近兰坪路）沪华大酒店。 

请走 S32（从 1 号航站楼上 S32）到剑川路下，到红绿灯处往右拐上剑川路。 
 
 From Hongqiao International Airport (SHA)/Hongqiao Railway Station to the Huhua 

Hotel 
Please give the following message to the taxi driver: 

请送我到闵行区鹤庆路300号（近兰坪路）沪华大酒店。 

请走 S4 到剑川路下，到红绿灯处往右拐上剑川路。 
 

Internet Access  

Wireless internet access is available in the conference venue. The user name is zhiyuan-

ap01 and the password is: Dylzyai?   

 

Emergency Contact 

Chenye CHANG (Cell: +86 15900991119) 

 

 

 

 

 

 

 

 

 

 



Shuttle Bus 
 

Dec 18, 2015 

8:00 am* Departure from Huhua Hotel to conference site 

12:20 pm Departure from conference site to Restaurant 

13:45 pm Departure from Restaurant to conference site 

17:20 pm Departure from conference site to Restaurant 

20:00 pm Departure from Restaurant to Huhua Hotel 

 

 

Dec 19, 2015 

8:00 am* Departure from Huhua Hotel to conference site 

12:20 pm Departure from conference site to Restaurant 

13:45 pm Departure from Restaurant to conference site 

18:00 pm Departure from conference site to Restaurant 

20:00 pm Departure from Restaurant to Huhua Hotel 

 

Dec 20, 2015 

8:00 am* Departure from Huhua Hotel to conference site 

12:20 pm Departure from conference site to Restaurant 

13:45 pm Departure from Restaurant to conference site 

 
 
*: Please wait at the hotel lobby five minutes before the departure time. 

 


