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Wing Man Tang 
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Xu Hu  
(A03) 
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Kangning Ren 
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Invited Talk – 
Iam Keong Sou  

(C03) 

Invited Talk – 
ZF Huang  

(D03) 

Ka Ho Yuen 
(E03) 

14:40 – 
14:55 

 

P Parkinson 
(E04) 

14:55 – 
15:10 15:05 – 

15:20 
Yao Lu  
(A04) 

Ziran Ye 
(B04) 

Yuda Zhao  
(C04) 

HY Yuan 
(D04) Siyi Zhou 

(E05) 
15:10 – 
15:25 15:20 – 

15:35 
Henry Tsang 

(A05) 
Xiaowen Huang 

(B05) 
Guoqing Lyu  

(C05) 
YC Zhang 

(D05) SC Leung 
(E06) 

15:25 – 
15:40 15:35 – 

15:50 
Ning Zhang 

(A06) 
Yanlian Lei 

(X06) 
Ran Zhang  

(C06) 
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Interdisciplinary 
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Chair:  

Yilin Wu 
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Venue: V315 

 Energy 
Materials and 

Devices 
 

Chair:  
Junyi Zhu 

Theme B 
Venue: V314 

 Microfluidics 
 

Chair:  
Kangning Ren 

Theme C 
Venue: V322 
2D Layered 
Materials 

 
Chair: 

 Yuen Hong Tsang 

Theme D 
Venue: V303 
 Condensed 

Matter Physics 
 

 Chair:  
Chi Hang Lam   

Invited Talk – 
Hyokeun Park 

(F01) 

16:00 – 
16:25 16:10 – 

16:35 
Invited Talk – 
Xiaobin Niu  

(A07) 

Invited Talk – 
Hong Kai Wu  

(B07) 

Hongyi Yu  
(C07) 

TP Choy 
(D07) 

James He  
(C08) 

Wen-Yu He 
(D08) 

Ka Ho Chan 
(F02) 

16:25 – 
16:40 

16:35 – 
17:00 

Invited Talk – 
Kevin J. Chen 

(A08) 

Invited Talk – 
Anderson 

Shum  
(B08) 

Zewei Chen  
(C09) 

CS Zhou 
(D09) 

Chong Chen 
(F03) 

16:40 – 
16:55 

J. L. Chen  
(C10) 

Xiaohui Li 
(D10) 

He Wang 
(F04) 

16:55 – 
17:10 

17:00 – 
17:25 

Invited Talk – 
Chunlei Yang 

(A09) 

Invited Talk – 
XM Zhang  

(B09) 
H.L. Jiang 

(C11) 
Lu Tang 

(D11) 
CY Leung 

(F05) 
17:10 – 
17:25 

17:25 – 
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Award Announcement*,# & 
Closing Remark (Host: Prof. Ruiqin Zhang) 

Venue: V322 

 

 

* Best Student Presentation Award Winner 
C04 - Yuda Zhao 
# Best Student Poster Award Winners 
P03 - Guowen Kuang 
P11 - Tong Zhou 
P13 - Chi Wai Ling  
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Conference Information 
 

Oral Presentation 

• Plenary Presentation: 40 min. (including 5 min. for discussion)  
• Invited Presentation: 25 min. (including 5 min. for discussion)  
• Contributing Presentation: 15 min. (including 3 min. for discussion)  
• The standard audio-visual facility will be provided:  

o Projector with VGA adaptor, screen, laser pointer, and microphone (speakers 
should bring their own display adapter for laptops without VGA port.) 

o MS Office 2010, Windows PC, and USB plug  

 

Poster Session 

The poster area is located at V312.  The poster codes will be marked on the poster boards.  

• Dimension of the poster board: 1.0 m × 2.0 m (W × H) 
o Posters should not be larger than this dimension.   

• The poster board will be fully white and poster fixing-materials will be provided.  
• The poster should be ready for presentation by 13:00. 

 

Tea and Refreshment: 

• Complementary tea, coffee, and snacks will be provided in V313 for all registered 
participants. Participants may also enjoy the snacks in V312 (next to V313). 

 

Lunch (invited only): 

• Lunch will be served in V313 only for invited/plenary speakers, session chairs, ex-co 
members of PSHK, and the conference organizing committee members. 

 

Co-chairs of Conference  

• Dr. Yang Chai 
• Dr. Kin Hung Fung 

 

Conference Secretary  

• Miss Tiffany Wong 
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Transportation 
Conference Venue:  
3/F, Jockey Club Innovation Tower,  
The Hong Kong Polytechnic University,  
Hung Hom, Kowloon, Hong Kong 

The Hong Kong Polytechnic University can be reached conveniently from  
MTR Hung Hom station (Exit A1). 

 
 
From HK International Airport 

• By Bus:  
Take route no. A21 and get off at the Hung Hom station bus terminus.  
Then, go downstairs beside the MTR station and take the footbridge at MTR Exit A1. 
More details: CityBus 

• By MTR:  
Take the MTR Airport Express to Tsing Yi station (interchange station). Then, take 
MTR Tung Chung Line to Nam Cheong station (interchange station). Finally, take 
MTR West Rail Line to Hung Hom Station and take the footbridge at Exit A1. 
More details: MTR Map, Route 

• By Taxi:  
Take RED taxi. (Blue taxi serves only within Lantau Island) 
More details: Taxi at airport 

 
From Lo Wu 

• By MTR: 
Take the MTR (East Rail Line) and get off at the terminus Hung Hom Station, then 
take the footbridge at Exit A1. 
More details: MTR Map 

 

https://www.nwstbus.com.hk/en/uploadedFiles/cust_notice/RI-CTB-A21-A21-D.pdf
http://www.nwstbus.com.hk/routes/airport-bus/route/index.aspx
http://www.mtr.com.hk/en/customer/jp/index.php
http://www.mtr.com.hk/en/customer/jp/index.php?sid=47&eid=64
http://www.hongkongairport.com/eng/transport/to-from-airport/taxi.html
http://www.mtr.com.hk/en/customer/jp/index.php
https://www.google.com.hk/maps/place/Innovation+Tower
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Morning Session  
 

9:00 – 9:40  V322   

M1. Plenary -  
Inflation in Light of Planck  

Prof. John Ellis  

Department of Physics, King's College London 

A period of rapid expansion in the early Universe - cosmological inflation - could explain the 
large size, great age and near-flatness of the visible Universe today. Observations of the 
cosmic microwave background by the Planck satellite and other experiments are in 
qualitative agreement with expectations from cosmological inflation, and discriminate 
between different models. I will discuss how models of inflation could be related to an 
underlying theory of fundamental physics based on string theory, and might have 
implications for physics at particle colliders. 

 

 

9:40 – 10:20  V322   

M2. Plenary -  
Topological Metals and Semimetals*,+ 

Prof. Z. D. Wang  

Department of Physics and Center of Theoretical and Computational Physics,  
The University of Hong Kong 

Recently, topological quantum materials have intrigued significantly research interest both 
theoretically and experimentally. Investigations of these gapless and gapped electronic 
systems pave the way for discovering new topological matter and their potential applications. 
In this talk, I will first recall basic concepts and research progress relevant to this topic. Then 
I will elaborate our general theory of topological metals and semimetals. In particular, I will 
report two theoretical discoveries. (1) Z2- topological charge can topologically protect only 
Fermi points; and (2) a new strong no-go theorem is deduced for Z2 Fermi points: they all 
have the same topological charge 1 or 0 in a periodic system. Moreover, I will also introduce 
our general index theorem established for capturing quantitatively the boundary-bulk 
correspondence of topological quantum matter. Finally, disordered topological Weyl 
semimetals will also be briefly discussed.  
*The relevant work was done in collaboration with Y. X. Zhao. 
+The work was financially supported by GRF (Grant Nos. HKU7045/13P and HKU173051/14P) and 
the CRF (HKU8/11G) of Hong Kong, and the URC fund at HKU. 
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10:20 – 11:00  V322   

M3. Plenary -  
Spin Plasmonics 

Prof. Siu-Tat Chui 

Department of Physics and Astronomy, University of Delaware, USA 

Surface plasmons (SP) are modes of electromagnetic (EM) radiations strongly coupled to 
collective oscillations of electrons at the interface of conductive materials. Magnetic surface 
plasmon (MSP)s hold the promise for subwavelength nonreciprocal devices. The 
nonreciprocal nature of the MSP states is similar to that of electrons in the quantized Hall 
effect, in which the “edge states” behave like giant eddies that circulate around the edges of a 
sample. The MSP in a magnetic photonic crystal form a dense set of bands and exhibit 
increasing Chern numbers modulo the degree of rotation symmetry of the crystal. MSPs have 
the additional feature that they can be easily tuned by an external magnetic field. They are 
coupled to the electromagnetic field and can be injected into metallic structures and induce 
spin and charge currents. These states can potentially be exploited in spintronics devices with 
lower energy consumption than current ones. In this talk, several physical phenomena related 
to the MSP will be described. 

 

 
11:15 – 11:40  V322   

M4. Invited -  
Probing the Electronic States and Impurity Effects in 2D Materials 

Prof. Ning Wang 

Department of Physics, The Hong Kong University of Science and Technology 

Atomically thin two-dimensional (2D) crystalline materials such as graphene and transition 
metal dichalcogenides exhibit novel electronic properties and tremendous potential for future 
technological applications. In this talk, I’ll introduce the sample preparation techniques and 
electronic property characterization for graphene and atomically thin MoS2 and black 
phosphorus. Structural disorder inevitably exists in these 2D materials and has profound 
impacts on their extraordinary properties. Theoretically, some special point defects such as 
vacancies and metal adatoms can modify the band structures of these materials. I’ll present 
our current research work on detecting the impurity states in these 2D materials through 
transport and quantum capacitance measurements at cryogenic temperatures. One of the 
interesting disorder structures we observed is the resonant impurities induced by metal 
clusters on graphene. We found that the appearance of a robust resonant peak near the charge 
neutrality point and the splitting of the zero Landau level for Ag-adsorbed graphene were 
manifestations of the hybridization of electrons from graphene bands and the impurity bands. 
Graphene decorated with a high density of Ag resonant impurities displayed the 
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unconventional phenomenon of negative quantum capacitance. We show that resonant 
impurities quench the kinetic energy and drive the electrons to the Coulomb energy 
dominated regime with negative electronic compressibility. 
  
    Disorder also played an important role in property modification of other 2D materials such 
as MoS2 and black phosphorus. In atomically thin MoS2, the metal-insulator transition (MIT) 
is one of the remarkable electrical properties. The underlying mechanism and detailed 
transition process in MoS2, however, still remain largely unexplored. We built a new type of 
capacitor structure based on the vertical metal-insulator-semiconductor heterostructures using 
atomically thin MoS2 for probing electron states. The vertical configuration offers the added 
advantage of eliminating the influence of large impedance at the band tails and allows the 
observation of fully excited electron states near the surface of MoS2 over a wide excitation 
frequency and temperature range. Different from the theory of electron–electron interactions 
which has been used in modelling the metal-insulator transition in MoS2, we suggested a 
percolation-type MIT in MoS2, driven by density inhomogeneity of electron states that 
describes the systems in which charge carriers are transported through percolating conductive 
channels in the disorder landscapes due to the poor screening effect at low carrier densities. 
 

 

11:40 – 12:05  V322   

M5. Invited -  
The Kinetics in Low-Dimensional Material Growth 

Prof. Feng Ding 

Institute of Textiles and Clothing, The Hong Kong Polytechnic University 

It is known that the kinetics is far more important than thermodynamics in the controlling of 
crystal growth in three-dimensional materials. However, our knowledge about the kinetic 
growth of low dimensional materials is still very limited. Here by using two examples, two-
dimensional (2D) graphene and one-dimensional (1D) carbon nanotube, to demonstrate the 
importance of kinetics in low dimensional material’s growth process. 

i. The growth of graphene follows the kinetic Wulff construction (KWC) while the 
interaction between graphene and substrate plays another crucial that determines the 
direction dependent growth rate. Here I will briefly introduce the domain shape 
determination in graphene CVD growth and etching process; 

ii. Different from 2D and 3D materials, the growth of 1D materials has only one 
direction of growth and thus the KWC can’t be applied. Here demonstrate that the 
growth of CNTs can be 100 to thousands times faster than that of grapheme and the 
zigzag type of SWCNTs grows slowest. 
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Theme A – Energy Materials and Devices 
 

A01. Invited - 
 

Tuning Reaction Kinetics in the Synthesis of CH3NH3PbI3 for High-
Efficiency Perovskite Solar Cells 

Tao Chen* 

Department of Physics, The Chinese University of Hong Kong Hong Kong, China 
*E-mail: taochen@phy.cuhk.edu.hk 

 
The past two years have witnessed unprecedentedly rapid development of organic‒inorganic 
halide perovskite‒based solar cells. The solution‒processability and high efficiency make this 
technology extraordinarily attractive. The intensive investigations have accumulated rich 
experiences in the perovskite fabrication; while the mechanism of the chemical synthesis still 
remains unresolved. Here, we set up the chemical equation of the synthesis and elucidate the 
reactions from both thermodynamic and kinetic perspectives. Our study shows that gaseous 
product thermodynamically favours the reaction, while the activation energy and “collision” 
probability synergistically determine the reaction rate. These understandings enable us to 
finely tune the crystal size for high-quality perovskite film, achieving power conversion 
efficiency of 15-17%.  
 

 
 
 
 
 

  

mailto:taochen@phy.cuhk.edu.hk


- 17 - 
 

A02. Invited - 
 

Conducting Polymer & Textile Based Energy Storage Devices 

Yan Huang, Yang Huang, Minshen Zhu and Chunyi Zhi 

Department of Physics and Materials Science, City University of Hong Kong 
*E-mail: cy.zhi@cityu.edu.hk 

 
  Wearable electronic textiles that store capacitive energy are a next frontier in personalized 
electronics [1-6]. However, the lack of industrially weavable and knittable conductive yarns 
in conjunction with high capacitance, limits the wide-scale application of such textiles. Here 
pristine soft conductive yarns are continuously produced by a scalable method with the use of 
twist-bundle-drawing technique, and are mechanically robust enough to be knitted to a cloth 
by a commercial cloth knitting machine. Subsequently, we demonstrate a combination of 
textile industry available conductive yarn and conducting polymers can form a great 
basement for wearable energy storage devices. For example, a combination of metal oxide 
and conductive polymer can great enhanced tolerance of stretch-induced performance 
degradation of stretchable supercapacitors [2-3]. In case of self-healable PU sheel applied, a 
yarn supercapacitor can be self-healable [5]. 

 

References 
(1) Y. Huang, H. Hu, M. Zhu et al., "From Industrially Weavable and Knittable Highly Conductive 

Yarns to Large Wearable Energy Storage Textiles,"ACS Nano, DOI: 10.1021/acsnano.5b00860. 
(2) Y. Huang, Y. Huang, W. J. Meng, M. S. Zhu, H. T. Xue, C. S. Lee, and C. Y. Zhi, "Enhanced 

Tolerance to Stretch-Induced Performance Degradation of Stretchable MnO2-Based 
Supercapacitors," Acs Applied Materials & Interfaces, vol. 7, pp. 2569-2574, 2015. 

(3) Y. Huang, J. Y. Tao, W. J. Meng, M. S. Zhu, Y. Huang, Y. Q. Fu, Y. H. Gao, and C. Y. Zhi, "Super-
high rate stretchable polypyrrole-based supercapacitors with excellent cycling stability," Nano 
Energy, vol. 11, pp. 518-525, 2015. 

(4) M. S. Zhu, W. J. Meng, Y. Huang, Y. Huang, and C. Y. Zhi, "Proton-Insertion-Enhanced 
Pseudocapacitance Based on the Assembly Structure of Tungsten Oxide," Acs Applied Materials 
& Interfaces, vol. 6, pp. 18901-18910, 2014. 

(5) Y. Huang, Y. Huang, M. Zhu, W. Meng, Z. Pei, C. Liu, H. Hu, C. Y. Zhi," A Magnetic-Assisted 
Self-Healable Yarn-Based Supercapacitor," ACS Nano, Accepted. 

(6) W. J. Meng, W. Chen, L. Zhao, Y. Huang, M. S. Zhu, Y. Huang, Y. Q. Fu, F. X. Geng, J. Yu, X. 
F. Chen, and C. Y. Zhi, "Porous Fe3O4/carbon composite electrode material prepared from 
metal-organic framework template and effect of temperature on its capacitance," Nano Energy, 
vol. 8, pp. 133-140, 2014. 
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A03. Invited - 
 

Stabilizing forces acting on ZnO polar surfaces 

H. Xu,1* L. Dong,2 X. Q. Shi,1 M. A. Van Hove,3 W. K. Ho,4 N. Lin,2 H. S. Wu,4  

and S. Y. Tong 
1 Department of Physics, South University of Science and Technology of China, China 

2Department of Physics, The Hong Kong University of Science and Technology, Hong Kong, China 
3Institute of Computational and Theoretical Studies & Department of Physics, Hong Kong Baptist 

University, Hong Kong, China 
4Department of Physics, The University of Hong Kong, Pokfulam Road, Hong Kong, China 

*E-mail: xuh@sustc.edu.cn 
 
    At first glance, the stability of polar faces of ionic crystals seems a mystery. Because their 
layers are alternately made up of oppositely charged ions, a net dipole moment accumulates 
along the crystal’s c axis so in principle, the electrostatic energy of a macroscopic crystal 
bounded by polar surfaces should diverge proportionally as the sample thickness. 
Nonetheless, a number of stable ionic polar faces occur in nature. Among these, the Zn-
terminated (0001) and O-terminated (000-1) faces of ZnO have received widespread attention 
because these surfaces are active in catalytic and corrosion reactions.   

 

In this talk, I shall explain the competing forces acting to stabilize the polar surfaces of 
ZnO1,2. To compensate an accumulating dipole moment normal to ionic planes, the Madelung 
electrostatic force and the ability of under-coordinated Zn ions to form novel bonds compete 
to stabilize the two polar surfaces. A unified picture is presented in which the bonding 
flexibility of under-coordinated surface bilayer Zn ions plays a deciding role in shaping the 
reconstructions on both polar surfaces. The cleavage energy of 2.36 J/m2 calculated for 
reconstructed polar faces is comparable to that found on non-polar faces. 
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      The search for topological superconductors which support Majorana fermion excitations 
has been an important topic in condensed matter physics. In this work, we propose a new 
experimental scheme for engineering topological superconductors. In this scheme, by 
manipulating the superlattice structure of organic molecules placed on top of a 
superconductor with Rashba spin-orbit coupling, topological superconducting phases can be 
achieved without fine-tuning the chemical potential. Moreover, superconductors with 
different Chern numbers can be obtained by changing the superlattice structure of the organic 
molecules. 
 
  



- 20 - 
 

A05.  
 

Cavity Approach to Stable Bandwidth Allocation in Power Grids 

K. Y. Henry Tsang* and K. Y. Micahel Wong 

Department of Physics, The Hong Kong University of Science and Technolgoy, Hong Kong. 
*E-mail: kytsangab@ust.hk 

 
Fluctuations in electrical demand and supply are common in power grids and such 
fluctuations can cause failures in the transmission links in the network. The breakdown of a 
transmission line can easily trigger cascading failures in power grids. This problem receives 
renew attention when renewable energy sources with large fluctuations such as solar and 
wind energy are increasingly deployed in power supply. 
 
In this work, we introduce the cavity method [1-3] to elucidate how supply and demand 
fluctuations determine flow fluctuations in links of a network. The cavity method is a 
statistical physics approach to study the behaviors of dilute networks, and has been extended 
to a wide range of disordered and artificial systems. In this approach, each node transmits 
energetic messages to its neighbors derived from the energetic messages collected from the 
rest of the neighbors. Our numerical simulations show that the method yields excellent 
agreement with simulation results. 
 
The predicted fluctuations are then used to allocate bandwidths so as to minimize the number 
of failed links or the amount of excess flow, given that the total bandwidth of the network is 
fixed. Compared with the conventional approach of proportionate bandwidth assignment, the 
cavity approach produces networks with much higher stability. 
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    Supercapcitors have attracted considerable research attention due to their fast charge and 
discharge rate, high power density, long cycle life-time and high reliability.1-5 In this work, 
cobalt monoxide hierarchical nanostructures were directly synthesized on a 3D nickel foam 
by a facile strategy based on vitro biomineralization of unicellular chlorella serving as 
backbone for supercapacitors material. Such kinds of supercapacitor electrodes had no any 
other conductive agents and binders, and thus had high conductivity and stability. The as-
synthesized hierarchical CoO/carbon composite exhibited an excellent specific capacitance of 
648 F g-1 under current density of 0.5 A g-1 and achieved good cycling stability ( nearly no 
diminution over 2000 cycles under the current density of 3 A g-1). 
    The cost-effective and straightforward fabrication introduced a new methodology to design 
and synthesize electrode materials. On the other hand, such excellent electrochemical 
performance of cobalt monoxide hierarchical nanostructures provided great potential for this 
type of material as an active electrode for electrochemical supercapacitors. Moreover, this 
method could be expanded to synthesize other electrode materials with high electrochemical 
performance in smart energy storage systems. 
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Physical vapor deposition provides a controllable means of growing two-dimensional 
metallic thin films and one-dimensional metallic nanorods. While theories exist for the 
growth of metallic thin films, their counterpart for the growth of metallic nanorods is absent. 
Because of this absence, the lower limit of the nanorod diameter is theoretically unknown; 
consequently the experimental pursuit of the smallest nanorods has no clear target. We report 
a closed-form theory that defines the diameter of the smallest metallic nanorods using 
physical vapor deposition. Further, we verify the theory using lattice kinetic Monte Carlo 
simulations and validate the theory using published experimental data. Finally, we carry out a 
series of theory-guided experiments to grow well-separated metallic nanorods of ~5 nm in 
diameter, which are the smallest ever reported using physical vapor deposition. 
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Wide-bandgap GaN-based power transistors and rectifiers are capable of delivering superior 
performance (e.g. lower on-state loss, higher off-state breakdown voltage, higher switching 
frequency, higher operating temperature, etc.) for electric power converters, owing to the 
materials’ superior material properties. Currently, the lateral GaN-based heterojunction 
devices grown on low-cost and highly scalable Si substrates (i.e. GaN-on-Si platform) are 
dominating the scene of technology development in both industry and academia. To 
successfully commercialize GaN-on-Si power electronic devices, several key technical 
challenges and underlying physical mechanisms need to be clearly understood and adequately 
addressed.  

In this talk, a comprehensive discussion on critical issues related to material and 
device physics will be presented.  
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Kesterite Cu2ZnSnS4 (CZTS) thin film solar cells have attracted considerable interest in the 
lastdecade[1-3] and have shown potential to replace its well-developed predecessor 
Cu(In,Ga)Se2 (CIGS) solar cell with earth-abundant and environmentally friendly raw 
materials. In this work, a novel two-stage annealing strategy on co-sputtered sulfur containing 
Cu-SnS2-ZnS precursors was employed for CZTS based solar cell fabrication, which led to a 
record cell with power conversion efficiency of 8.58%, a big step forward from the previous 
record 6.77% reported by Katagiri’s group using sputtering approach. Compared with the 
conventional co-sputtering methods, the key difference of our methods is the introduction of 
a low-temperature stage (260 oC) where quarternary phase was designed to form. Comparing 
with devices prepared by a normal slow temperature ramping thermal annealing strategy, 
CZTS absorbers made by the two-stage annealing process resulted in homogeneous elemental 
distribution across the thickness direction without noticeable ZnS segregation near the 
CZTS/Mo interface, which led to device with smaller serial resistance and larger fill factor.  

Photoluminescence spectroscopy, drive-level capacitance profiling, and admittance 
spectroscopy measurement were used to characterize the factors limiting the performance of 
the CZTS solar cell by comparing with CIGS. Our results suggest that deep defect energy of 
acceptor CuZn and donor ZnCu, and resulting large potential fluctuation of the band structure, 
together with high density of interface defects cause the limitation of the efficiency of CZTS 
solar cell. 
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Droplet impacting on solid or liquid interfaces is a ubiquitous phenomenon in nature, and is also of 
practical importance in many industrial processes. Since Worthington's pioneering work studying the 
complex dynamics of liquid drops impacting on solid surface sin 1876, extensive progress has been 
made in understanding and controlling drop dynamics on various textured surfaces. Recent research in 
particular has shown that the spreading and retraction dynamics of impacting drops is highly 
dependent on both the roughness and the wettability of the underlying substrate. Progress has been 
driven by the intrinsic scientific interest and beauty of fluid impacts, together with recent advances in 
the ability to fabricate micro- and nano-scale surfaces, and also because drop impact is central to 
many technological processes including DNA microarrays, digital lab-on-a-chip, water harvesting, 
dropwise heat removal and spray cooling.  
 
In this talk, I will first discuss our recent work on the asymmetry bouncing with the aim to minimize 
the liquid/solid contact for multifunctional applications. In striking contrast to the conventional 
picture that a drop retains a circular symmetry throughout the entire impact process, we find that a 
drop impinging on leaves exhibits symmetry-breaking bounce dynamics with distinct spreading and 
retraction along two perpendicular directions. This is a direct consequence of the cylindrical leaves 
which have a convex/concave architecture of size comparable to that of the drop. Moreover, the 
asymmetry of the bouncing leads to a 40% reduction in the total contact time, and the drop keeps its 
integral shape. Systematic experimental investigations on mimetic surfaces and lattice Boltzmann 
simulations reveal that this novel phenomenon results from an asymmetric momentum and mass 
distribution between different directions along the surface. 
 
In the second part of this talk, I will discuss a robust superhydrophobic-like bouncing regime on thin 
liquid films, characterized by the contact time, the spreading dynamics, and the restitution coefficient 
independent of the underlying liquid substrate. Although complete rebound of droplets is widely 
observed on superhydrophobic solid surfaces, the bouncing of droplets on liquid is usually vulnerable 
due to the easy collapse of air pocket entrapped between the impinging droplet and slippery and soft 
liquid interfaces. Through experimental exploration and theoretical analysis, we demonstrate that the 
sustenance of such substrate-independent (superhydrophobic-like) bouncing necessitates an intricate 
interplay between the Weber number, and the thickness and viscosity of the liquid substrate. Such 
insights allow us to tune the substrate-independent and substrate-dependent bouncing on liquid 
interfaces in a well-controlled fashion. Our results shed new light on the study of classical wetting 
phenomenon and reveal the important and previously unexplored effect of liquid substrate on the 
interfacial dynamics.  
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In this talk I will present a droplet-based microfluidic platform that measures chemical 
kinetics occurring in a wide range from sub-seconds to hundreds of minutes. We applied the 
platform to measuring the single-turnover kinetics of DNA polymerase I. In the platform, 
nanoliter droplets containing the DNA sequence, DNA polymerase I, buffer and dNTPs or 
rNTPs mixture were formed in the microchannel and acted as microreactors. For the rapid 
kinetics with normal DNA sequence, the reaction time was directly related to the droplets’ 
traveling distance, i.e., the droplet position in the microchannel. For the slow kinetics with 
mutant sequences, the flow was stopped after the formation of the droplets. Then selected 
droplets were monitored to measure the kinetics. FRET method was applied to measure the 
single turnover kinetics of the DNA Polymerase I. Template DNA was labeled with Cy3 and 
a blocker DNA labeled with BHQ-2 was designed as the acceptor.1 The platform allowed the 
measurement of reaction kinetics ranging from hundreds of s-1 to 10-4 s-1 with normal and 
mutant DNA sequences, which is a significant improvement of the previous droplet-based 
microfluidic system.2 The DNA consumption was less than 7.5 µl during a single experiment. 
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Teflon is a DuPont registered trademark for a group of perfluorinated polymers. Teflons have 
superior inertness to almost all chemicals and all solvents; they also show excellent resistance 
to molecular adsorption and molecule leaching. They are broadly used in processes that 
involve quantitations of trace amounts of chemicals and require anticorrosion and superclean 
environments. Besides, Teflons are stable for a wide range of temperatures from -200°C to 
over 250°C. Moreover, they are broadly used in electronics for their outstanding dielectric 
characters. Finally, they have outstanding mechanical robustness, low friction and low 
adhesion and therefore are used in forms of coatings as solid lubricant. Microfabricated 
Teflons are expected to be useful in various ways, but the inertness of Teflons has made it a 
decades-long challenge for effective and affordable microfabrication of such materials.   
 

Recently we developed a high-temperature (up to 350 °C) molding method using a specially 
treated PDMS master to fabricate microstructures (e.g., high-aspect-ratio and 3D) in Teflon 
and other thermoplastics with high fidelity at down to sub-micron scale.  In our first report 
we demonstrated a convenient strategy for fabricating whole Teflon microfluidic chips, 
which are extremely chemical-inert, anti-fouling and biocompatible [1]. Subsequently, we 
explored broader applications of microfabricated Teflon structures. Based on the strongly 
hydrophobic nature of the Teflon material, we fabricated microstructures on the surface of 
Teflon in a convenient and inexpensive way, resulting in a superhydrophobic coating. 
Different from the commonly used strategies in previous reports for realizing 
superhydrophobicity, which often generate mechanically brittle or chemically unstable 
surface, our method generates a continuous superhydrophobic surface that is highly resistant 
to chemical and physical disturbance. We found such coating could be used in various ways, 
e.g., a robust anti-icing protective coating. As the Teflons are highly inert (both chemically 
and thermally) and anti-sticking, we also used microfabricated Teflon structures as masters to 
mold other materials into micro/nano structures, which fulfills some unmet needs in 
microfabrication. Moreover, we established an extremely quick and low-cost method to 
fabricate microfluidic channels using plastic thin films with Teflon master, which generates 
the pattern of microchannels and seals the channels simultaneously in a single-step hot 
pressing. Among many materials we tested, Teflon was the only material that could realize 
this function, as it possesses a unique combination of adequate mechanical strength and 
thermoconductivity, as well as heat-resistance and anti-stick property. Most recently, we 
started using Teflon microfluidic devices in chemical synthesis and drug efficacy study. We 
believe that there are even more potential applications of microfabricated Teflon materials. 
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Rapid mixing of two fluids in miniaturized devices has attracted a great deal of attention 
because of its potential applications in biochemistry analysis and complex chemical 
reactions1. At low Reynolds number (Re <100), flow is considered laminar essentially, in 
which the mixing process can hardly happen and requires unacceptably long mixing lengths2. 
Microfluidic mixing by various methods usually can be divided into active mixing and 
passive mixing3, 4. Great efforts have been carried out on microfluidic mixers5, 6. 

 
There has been no literature regarding nanofluidic mixer to date due to the low Reynolds 

number and difficulties in nanofabrications. In this work, we first report the design and 
fabrication of the nanofluidic mixer comprising hybrid hydrophobic/hydrophilic micro-
patterns on the top and bottom walls of the nanochannel. The unique feature of such mixer is 
that, without any geometric structure inside the nanochannel, the mixing can be realized 
solely by the hybrid surfaces. Besides, the mixing length in nanomixer has been significantly 
shortened comparing to micromixer7. We attribute the mixing achievement to be caused by 
the convection and chaotic flows of two fluids along the hybrid surface due to the large 
surface-to-volume ratio of the nanochannel.  
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   This paper reports a biomimetic method inspired by clam to immobilize nanoparticles 
easily on microfluidic chips. In nature, clam predation is benefit from a mucus-covered 
system, used for trapping suspended plankton. Through mimicking the mucus-covered 
system by a common adhesive tape, we immobilized TiO2 nanoparticles easily and 
environmental friendly, obtaining a better immobilization amount than glasses. Also, the 
immobilized nanoparticles shows a better affordability on high sheer stress than that on 
glasses. Moreover, we focused on the distribution of the immobilized nanoparticles along the 
microfluidic chip. This biomimetic method overcomes the problems in the prevailing 
immobilization methods such as polymer entrapment, covalent binding and electrostatic that 
require complex processes or expensive reagent/equipment. In summary, we proposed a 
novel biomimetic method to immobilize nanoparticles on common adhesive tape. This 
method showed a good ability on immobilizing nanoparticles, high sheer stress affordability 
and detection potential in many fields1-3. 
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Modification of silicon dioxide (SiO2) gate dielectric with silane self-assembled monolayers 
(SAMs) via silylation was conducted to study its impacts on polymer field-effect transistor 
(FET) performance. SAMs formed from silylating agents with long alkyl chains such as 
octadecyl gave high FET mobility but lower on/off ratio from lower SAM surface coverage 
of the dielectric. In contrast, SAMs from silylating agents with phenyl or medium alkyl 
chains (octyl) provided high on/off ratio from high SAM surface coverage but lower mobility 
due to their inefficiency in promoting molecular ordering of the channel semiconductor. By 
treating the SiO2 surface with two silylating agents, one with phenyl or octyl and one with 
octadecyl chain in proper sequence, a high-performance “hybrid” dual-silane SAM could be 
created, enabling achievement of both high mobility and on/off ratio, together with other 
desirable FET properties. 
 
This talk does not belong to Theme B.  
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     Bone remodeling is a complex and well-orchestrated process that requires the cooperation 
of various types of cells (e.g., osteoblasts, endothelial cells, and stem cells) from the bone 
marrow, bone matrix, and periosteum. However, most tissue engineering platforms for bone 
repair and regeneration neglect the importance of the periosteum, which is a thin membrane 
that encases the surfaces of most bones. We developed a “sticker-like” PLGA nanosheet with 
microgrooved patterns through a facile combination of spin coating and micropatterning 
techniques. The resulting microgrooved PLGA nanosheets can be physically adhered on flat 
or porous surfaces with excellent stability in aqueous environments and can harness the 
spatial arrangements of cells, which make it a promising candidate for generating biomimic 
periosteum for bone regenerative applications. Also coordination of multilayers of cells can 
be realized by stacking similar PLGA sheets in the z direction. 
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Liquid-liquid multiphase structures, such as emulsion droplets, consist of two immiscible 
liquids, typically water and oils. The dynamics of the droplets depend critically on the 
emulsion characteristics, such as the interfacial tension of the systems, viscosity of the liquids 
and size of the droplets. In specialized applications,1 such as bio-microfluidic screening and 
enhanced oil recovery, emulsion droplets are sometimes charged electrically. The consequent 
electrical stress competes with interfacial tension forces and viscous forces, leading to 
significantly richer dynamics. In a custom-designed micro-chamber, we electrically charge 
two emulsion droplets so that they adopt opposite charges.2 Depending on the separation 
distance between them, the droplets can remain separated, coalesce, fuse-and-split or touch 
periodically. I will demonstrate that the surprisingly rich dynamics represent a delicate 
balance of the electrical, interfacial and viscous forces involved.  
Besides the aforementioned specialized applications, emulsion droplets have also found wide 
applications in the formulation of personal hygiene products, healthcare products, paints, 
cosmetic creams and food. For these formulations to provide the optimal functions, the 
emulsions should be sufficiently stable for the entire shelf-life of the products. Therefore, 
testing of the emulsion stability is an indispensable step during the product development. 
However, characterization of emulsion stability can consume as much time as the shelf-life of 
the products, In addition, practically, it is often challenging to compare the emulsion stability 
of different formulations, due to the lack of a widely accepted quantitative indicator. Taking 
advantage of the electrical-charging-based dynamics of emulsion droplets, we have devised 
novel quantitative indicators for characterizing emulsion stability.3 Our approach, which is 
based on a more direct way to measure the disjoining pressure of the emulsion, significantly 
shortens the time and enhances the accurarcy of emulsion characterization, and suggests new 
way to probe interfaces and membranes4. 
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Microfluidics has found niche applications in photocatalytic degradation of water 
contaminants and could be further extended to more complicated chemical syntheses. On the 
other hand, food production relies on the natural photosynthesis (NP) in green plants but its 
energy efficiency is typically below 1%. In fact, the NP is naturally a microfluidic system as 
it occurs in microscale chloroplasts filled with fluids, inferring the feasibility to be mimicked 
by microfluidic structures.  

This talk reports our recent efforts to develop integrated microchips for the artificial 
photosynthesis (AP) of glucose from CO2 using sunlight. In conceptual design, a solar reactor 
is set up to produce the carbohydrates (like glucose, starch) continuously by consuming only 
CO2, H2O and sunlight energy. Inside the reactor, a semiconductor photocatalyst 
rGO/CdS/TiO2 is used to capture sunlight and transfers excited electrons to a non-enzymatic 
electron mediator (denoted as M) for generation of NADPH. In experiment, 25% of NADP+ 
is finally converted into NADPH in the test. Then we follow the Calvin Cycle in the NP to 
enzymatically generate carbohydrates using microfluidic chips that have different regions to 
realize the three phases of reaction.  

In summary, we have explored the microfluidic platform to streamline the photosynthesis of 
carbohydrates from CO2 using sunlight. This work may enable to produce basic food 
materials like sugar and starch using factory-like production lines, and could be applied 
equally to the production of biofuel. 
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Topological insulator (TI) is a new quantum state of matter, which is characterized by gapless 
surface states (SSs) crossing the bulk band gap of TI. Because of the time reversal symmetry 
(TRS), these SSs are topologically robust against any non-magnetic perturbations. Angle-
resolved photoemission spectroscopy (ARPES) measurements have successfully 
demonstrated the existence of such topological SSs as an odd number of Dirac cones on each 
surface of TIs. Spin-resolved ARPES further reveals the helical spin texture of SSs arising 
from the strong spin-orbit interaction in TIs. Surface Dirac fermions thus acquire a unique 𝜋 
Berry’s phase. Due to the exotic physics of TIs, they are predicted to have many potential 
applications in spintronics and topological quantum computing. As the realization of these 
important applications highly relies on the electron (or spin) quantum transport in TI, it has 
triggered a wide variety of transport studies of TI in the past few years. In this talk, I will 
discuss some transport experiments including Shubnikov-de Haas oscillations from surface 
electrons, weak anti-localization effect s a signature of surface electron transport, and tuning 
electron-electron interaction by antidots nanostructure.  
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The two-dimensional layer of semiconductor tungsten disulfide (WS2) offers a great potential 
in the field of optoelectronics and micro-photonic due to its open bandgap structure and very 
compact structure. Herein, we report a successful new process for synthesizing WS2 
nanofilm. The photoactive WS2 nanofilm on quartz is produced by magnetron sputtering. 
This film is then annealed in an ampoule in a sulfur atmosphere. The produced samples are 
successfully used to fabricate photodetector, which exhibited excellent photoresponse from 
ultraviolet to visible region (365 nm to 650 nm) with very good responsivity, detectivity and 
external quantum efficiency. The proposed method is suitable for the large scale growth of 
high quality and uniform WS2 nanofilm for high performance detector production. 
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    Being characterized by their gapless topological surface states (TSSs), topological 
insulators (TIs) are a newly discovered class of quantum-state matter that is characterized by 
a finite energy bulk gap and Dirac-cone energy dispersion with helical spin texture. In this 
talk, the two-dimensional nature of the superconductivity induced at the interface of an MBE-
grown Bi2Te3/FeTe heterostructure will be addressed. 
    Superconductivity at the interface of a heterostructure confined to nanometer-sized scale offers 
unique opportunities to study the exotic physics of two-dimensional superconductivity. Recently, the 
discovery of superconductivity in layered iron-based materials has steered the high-transition-
temperature (Tc) superconductors to an iron age. These so-called iron-based superconductors (Fe-SC) 
are the focus of contemporary research due to their high upper critical fields, large critical current 
densities and unconventional pairing symmetries. Here, the transport properties of a Bi2Te3/FeTe 
heterostructure fabricated via van der Waals epitaxy are reported to show superconductivity at the 
interface, which is induced by the Bi2Te3 epilayer with thickness even down to one quintuple layer. 
The two-dimensional nature of the observed superconductivity with the highest transition temperature 
around 12 K was verified by the existence of a Berezinsky-Kosterlitz-Thouless transition and the 
diverging ratio of in-plane to out-plane upper critical field on approaching the superconducting 
transition temperature (1).  
 Recently, the Bi2Te3/FeTe heterostructure was found to show strong anisotropic magnetic 
responses (2). Under perpendicular magnetic fields within 1000 Oe, conventional paramagnetic 
Meissner effect, superconducting diamagnetism, and anomalous enhancement of magnetization 
successively occur as the magnetic field increases. In contrast, under parallel magnetic fields, 
superconducting diamagnetism was not observed explicitly in the magnetization measurements and 
the anomalous enhancement of magnetization appears only for fields higher than 1000 Oe. Together 
with the observation of the isotropic magnetic response of an oxidized FeTe thin film, the anisotropic 
magnetic response of the heterostructure can also be attributed to the two-dimensional nature of its 
induced superconductivity. The heterostructure studied in this work provides an ideal platform with 
unconventional superconductivity for hosting Majorana fermions and studying their exotic physics.   
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       Two-dimensional layered dichalocogenides are held together by van der Waals 
interaction. Although the interlayer interaction is relatively weak, it can dramaticly affect the 
intralayer bonding, lattice vibrations and band structures of the two-dimensional layered 
materials, exhibiting distinct layer-dependent properties. For example, ReS2 shows 
monolayer behavior in bulk materials due to both weakly electronic and vibrational 
coupling.1 Black phosphorus has large bandgap tunability and out-of-plane force constant due 
to the strong electronic and phonon coupling.2 In this work, we investigate the layer-
dependent properties of two-dimensional layered nobel-transition-metal dichalocogenides 
(NTMD) using first-principle density function theory calculations, low-frequency and 
polarization Raman spectroscopy, electrical characteristics of field-effect transistors, and 
Fourier transform infrared spectroscopy. Our theortical and experimental results both showed 
that the inter-layer vibrational coupling of the NTMD is weak but its electronic coupling is 
quite strong, which is remarkably different from the other two-dimensional systems, 
including graphene, black phosphorus and ReS2. 
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    Two dimensional metal–organic frameworks (MOFs) incorporating p-block metals are 
very rare in contrast to the abundantly reported d- or f-block metal coordinated MOFs. Pb, as 
a heavy p-block element, has a large radius, versatile stereochemical activities and a flexible 
coordination environment. These characteristics provide opportunities for constructing Pb-
based MOFs that exhibit rich structural topologies and diverse coordination geometries. 
Recently, it was demonstrated theoretically that a Pb-based two-dimensional (2D) 
organometallic structure exhibits a non-trivial quantum state, known as the topological 
insulator phase, due to the strong spin–orbit coupling effects of the heavy Pb atoms1. This 
prediction hints that the Pb-coordinated 2D metal–organic structures may represent a new 
family of functional materials with appealing electronic and spintronic properties.  
 
    The novel low-dimensional metal–organic structures incorporating heavy metal Pb atoms 
as coordination centers are formed on a Au(111) surface by means of on-surface metallo-
supramolecular assembly. The molecular building blocks are porphyrin derivatives 
functionalized with pyridyl groups. These building blocks are linked via a unique pyridyl–
Pb–pyridyl coordination motif that does not exist in conventional coordination chemistry but 
emerges on the surface. The Pb atoms are coordinated in structures of distinctive 
morphologies, including one-dimensional single chains, double-chains and ladders, and two-
dimensional porous networks, owing to the specific sites of the pyridyl groups in the 
molecular building blocks. 
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    Two-dimesional superlattices of metal nanoclusters have been demonstrated to possess 
novel properties like structure, periodicity and inter-cluster spacing of the superlattices 
greatly affect their optical and electronic properties. Various ways of fabrication 
nanostructure superlattice have been introduced both in physical and chemical field. Metal-
organic networks providing nano-meter size pores were used to confine adatoms 
agglomerating. Bismuth is one of the most thoroughly investigated main group elements. Due 
to size-induced quantum confinement effects, Bi nanoclusters may exhibit novel electronic 
properties. 

    In this work, we use supramolecular templates comprising of two-dimensional 
nanopores.to make superlattices of uniform-sized Bi clusters on a Au(111) surface. Bi atoms 
agglomerated into clusters in the hexagonal pores confining the diffusion of the adatoms on 
the templates, where the clusters follow the pore size and the pore-to-pore periodicities of the 
template lattices. A variable-temperature scanning tunneling microscope was ultilized to 
characterize the samples. Inter-pore and inside-pore diffusion are proposed due to evidences 
given by thermal annealing, nucleation of Bi islands and sequentially-acquired STM images. 
KMC simulation with an inter-pore diffusion barrier of 0.8 eV further confirms the Bi cluster 
formation mechanism. This strategy opens an avenue towards using supramolecular 
structures as template to fabricate 2D nanocluster arrays. 
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    Van der Waals heterostructures built with 2D materials are of wide scientific and 
technological interests, with potential to combine and extend the appealing properties of 
differing 2D building blocks. One example under intensive experimental investigation is 
heterobilayer of transition metal dichalcogenides where the observation of interlayer exciton 
with electron and hole constituents in different monolayers has implied rich device physics. 
Here we show that, because of the inevitable twisting and lattice mismatch in heterobilayers, 
interlayer excitons have six-fold degenerate light cones anomalously located at finite 
velocities on the parabolic energy dispersion. With the change of twisting angle, the 
polarization selection rules of these light cones evolve from circularly polarized to elliptically 
polarized, with helicity specified by the valley indices of the electron and hole. These finite-
velocity light cones allow unprecedented possibilities to optically inject valley polarization 
and valley current, and the observation of both direct and inverse valley Hall effects, by 
exciting interlayer excitons. Our findings suggest potential excitonic circuits with valley 
functionalities, and unique opportunities to study exciton dynamics and condensation 
phenomena in semiconducting 2D heterostructures. 
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    When magnetic impurities are doped into a quantum spin Hall insulator(QSHI) with 
Rashba spin orbit coupling, the edge states are gapped due to the breaking of time reversal 
symmetry (TRS), resulting in a trivial insulator with Chern number $N=0$. Further 
magnetization can lead to quantum anomalous Hall insulators (QAHIs). Interestingly, it is 
shown in this paper that before reaching a QAHI by magnetization, a non-trivial topological 
phase with Chern number $N=1$ can be achieved by increasing disorder. This is called an 
Anderson Chern insulator (ACI). A gapless chiral edge state is supported even though the 
bulk gap is closed. The ACI phase (with the topologically protected chiral edge state) 
manifest itself in the emergence of a plateau of the disorder dependence of the conductance 
quantized at $e^2/h$. ACIs are different from topological Anderson insulators (TAIs), and 
does not rely on any symmetry nor can it be explained by effective medium theory.   
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We investigate the possible singlet and triplet exciton condensation in monolayer  
Molybdenum Disulfide (MoS2) with and without Rashba spin-orbit coupling (RSOC). 
Without RSOC we find that there is a phase transition where the p-wave order emerges 
beyond a critical interaction strength. With RSOC, the p-wave order parameter shows a linear 
dependence with RSOC and persists for all interaction strength. The p-wave order parameter 
breaks the degeneracy of conduction bands at K point and gives rise to an interesting 
phenonmenon on the edge - a out-of-plane spin polarization will be induced on the edge by 
applying an in plane Zeeman field. 
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Monolayer (ML) transition metal dichalcogenides (TMDs) have attracted intensive 
research attentions due to their extraordinary properties for spintronic and valleytronic 
applications1-3. The desire for large and better quality samples has recently prompted the 
growth efforts of TMD films using chemical vapor deposition (CVD)4 and molecular beam 
epitaxy (MBE)5. Because of the advantages of MBE in epitaxial thickness and doping control 
as well as its superiority in heterostructure fabrication, MBE of ultrathin TMDs has become 
increasingly popular and attracted more and more attention. 

In this work, we present a study of MBE growth of WSe2 monolayer and bilayer films 
and their characterizations by scanning tunneling microscopy and spectroscopy (STM/S). The 
experiments show atomically flat epifilms with no domain boundary (DB) defect, which is 
different from epitaxial MoSe2 films grown by the same method5. The bandgap of BL WSe2 
is affirmed to be narrower than ML by comparing the STS spectra from ML and BL domains 
in one and the same sample. A band-bending effect across the boundary (step) between ML 
and BL domains is also revealed, which appears dictated by the edge states at steps of the BL 
islands. Finally, by comparison between the STS-measured electronic bandgaps with the 
exciton emission energies measured by photoluminescence, we provide estimates about the 
exciton binding energies in ML and BL WSe2, evidencing the large excitonic effect in 
ultrathin TMDs.  
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MoS2 is a very novel new material with lot of interesting properties and huge application in 
semiconductor industry. In MoS2, spin orbit coupling effect is very important and accounts 
for lots of effects. Remarkably, the intrinsic spin orbit coupling is very large in MoS2 and has 
important influences. Here, we consider the influence of such intrinsic spin orbit coupling on 
s-wave MoS2 superconductor. Due to spin orbit coupling, the band is spin polarized and we 
can observe an equal spin Andreev reflection if we attach a spin polarized lead to it. In the 
conventional case and absence of this type of spin orbit coupling, Andreev reflection in spin 
polarized lead is impossible. So, this is a very interesting effects in identifying MoS2. 
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    A quantum computer can solve certain important classes of problems that are otherwise 
too difficult for a classical computer. A qubit, or quantum bit, can be encoded in the singlet 
and triplet states of two electron spins. Its states are represented as points on the unit sphere--
Bloch sphere. A major obstacle to precise qubit manipulation is decoherence, the error arising 
from interactions with the environment. While techniques such as dynamical decoupling have 
been developed in other contexts to compensate such errors, constructing robust quantum 
gates remains particularly challenging for singlet-triplet spin qubits due to experimental 
constraints on available control. In this talk, I will discuss theoretically how one may meet 
this challenge by employing carefully designed composite pulse sequences. I will present 
composite pulses that serve as dynamically corrected single-qubit gates which are immune to 
both nuclear noise and charge noise, covering major sources of decoherence. I will further 
show how a two-qubit gate may be constructed in a noise-resistant manner, and how one can 
perform arbitrary quantum algorithm on a given spin chain robust against noise. This noise 
reduction comes with a cost of prolonging the gate time, but the long coherent times for these 
qubits renders such trade-off practical. 
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Optical binding, discovered in 1989, was a promising mechanism to produce large scale 
optically bound “matter”. However, up to date, this approach did not success. Some studies 
suggest that large optically-bound structure is intrinsically unstable due to the fact that optical 
forces are non-conservative. 

Here, we shall show that instability is indeed linked to cluster size. The more particles, the 
more likely that such structure is unstable. However, we found one exception where an 
arbitrary number of slabs can be bound together.  
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    Chirality does naturally exist; one example is your left and right hands. Chirality 
inherently imposes unique functional selectivity on molecules; hence the discrimination of a 
chiral molecule (e.g., enantiomer) from its mirror image, a process called enantioselection, 
has fundamental and application significance. Enantiomers interact with left and right handed 
circularly polarized light in a different manner with respect to optical extinction; hence, 
electronic circular dichroism (ECD) has been widely used for enantioselection. However, 
enantiomers usually have remarkably low ECD and enantioselectivity, mainly owing to the 
sub-wavelength molecular size and a lack of real electric current flowing helically in 
enantiomers. To enhance the enantioselectivity, it has been developed to conjugate 
enantiomers with achiral nanoclusters to induce chiroptic activity via surface plasmon 
resonance. However, the enhancement isn’t significant due to achirality and sub-wavelength 
size of nanostructures.  

In this work, we will present a new method to enhance the enantioselectivity by 2-4 
orders of magnitude compared to the regular methods, by means of the close-packed arrays of 
chiral silver nanospirals (AgNSs) that are generated by one-step-process glancing angle 
deposition. The dramatic enhancement is mainly ascribed to the strong chiroptic activity of 
the AgNS arrays that can significantly amplify the interaction of chiroplasmon with 
enantiomers. The amplified interaction is sensitively dependent on the chirality of 
enantiomers, leading to the high enantioselectivity. This works open a door to operate 
sensitive enantioselection that is highly desired for trace detection, chiral drug production, 
agriculture production, food quality control and environmental monitoring. 
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    A concept of magnetic vortex guide is proposed and numerically studied. Similar to the 
waveguides of electromagnetic waves, a magnetic vortex guide allows a vortex domain wall 
to move along a nanostrip without annihilation at the strip edges. It is shown by 
micromagnetic simulations that a magnetic nanostrip of a properly designed superlattice 
structure or bilayered structure can serve as vortex guides. 
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We theoretically investigate BCS-BEC crossover in spinful Haldane model. We find there are 
two topologically distinct superfluidity phases which are characterized by chern number C=0 
and 2, respectively. At half filling, the region of existing of the topological phase is extremely 
small. However, when the filling factor deviates from half-filling, the regions of topological 
phase become quite large. With the increasing of interaction, the topologically trival 
superfluid phase enters topological phase and then reenter topologically trival superfluid 
phase.  This is because with the interaction increasing, the chemical potential displays non-
monotonic behaviors. When the spatial inversion is broken, the paring gaps become different 
between two sublattices of honeycomb lattice. At the same time, a gapless topological 
superfluid phase appears.  However, the region of topological superfluidity phase became 
smaller. Lastly, we consider Gaussian fluctuations about mean-field phases. Our results show 
there are two branch collective modes, one is gapless Anderson-Bogoliubov mode, and the 
other is gapped Leggett mode. Damping of Leggett mode reaches largest values when one 
approaches topological phase transition points. 
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    Harvesting light to extract optical torque1-3 are of significant importance, owing to its 
ability to rotate nano- or micro-objects. Nevertheless, applying a strong optical torque4 
remains a challenging task: conservation of angular momentum must be fully respected but 
light is limited.  
    A simple argument shows the tendency for two strongly scattering objects to exhibit equal 
and opposite torques that are much stronger than the total torque. The effect is quite 
significant for plasmonic particle cluster at resonance5-6, but can also be observed in 
structures with different morphologies. Such approach has a large torque to light extinction 
ratio, which allows limited light to exert a large torque. Our work contributes to the 
understanding of optical torque and introducing a novel way to manipulate the internal 
degrees of freedom of a structured particle. 
 
References 
(1) P. C. Chaumet and A. Rahmani, "Electromagnetic force and torque on magnetic and negative-

index scatterers" Optics Express, 2009, 17, 2224-2234. 
(2) M. Padgett and R. Bowman, "Tweezers with a twist" Nature Photonics, 2011, 5, 343-348. 

(3) J. Chen, J. Ng, K. Ding, K. H. Fung, Z. F. Lin, and C. T. Chan, "Negative optical torque" 
Scientific Reports, 2014, 4, 6386. 

(4) M. Liu, T. Zentgraf, Y. M. Liu, G. Bartal, and X. Zhang, "Light-driven nanoscale plasmonic 
motors" Nature Nanotechnology, 2010, 5, 570-573. 

(5) E. Prodan, C. Radloff, N. J. Halas, and P. Nordlander, "A hybridization model for the plasmon 
response of complex nanostructures" Science, 2003, 302, 419-422.  

(6) J. Ng, R. Tang, and C. T. Chan, "Electrodynamics study of plasmonic bonding and antibonding 
forces in a bisphere" Physical Review B, 2008, 77, 195407.  

 

  



- 51 - 
 

D07.  
 

Bose-condensed cold atom systems with k-space Berry curvature in 
harmonic potential 

Ting-Pong Choy, Xiao-Hui Li and Tai-Kai Ng 
Department of Physics, Hong Kong University of Science and Technology, Clear Water Bay,  

Hong Kong, China.  
*E-mail: tingchoy@ust.hk 

 
In this work we present some analytic results for bosons in a two-dimensional optical lattice 
system where Bose-condensation occurs at a momentum point k with non-zero k-space Berry 
curvature and trapped in a harmonic potential.We show that the boson system carries non-
universal equilibrium angular momentum and edge current at low temperatures. The 
similarities and differences between the Berry curvature (magnetic field in the momentum 
space) and the magnetic field will be pointed out. 
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    In this work, we describe a method to realize 3D Weyl semimetal by coupling multilayers 
of honeycomb optical lattice in the presence of a pair of Raman lasers. The Raman lasers 
render each isolated honeycomb layer a Chern insulator. With finite interlayer coupling, the 
bulk gap of the system closes at certain out-of-plane momenta due to Raman assisted 
tunnelling and result in the Weyl semimetal phase. Using experimentally relevant parameters, 
we show that both one and two pairs of Weyl points can be realized by tuning the interlayer 
coupling strength. We suggest that Landau-Zener tunnelling can be used to detect Weyl 
points and show that the transition probability increases dramatically when Weyl point 
emerges. 
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Brains are believed to be capable of information processing with remarkable efficiency but 
low metabolic cost. Cost-efficiency of neural representation, as an underlying design 
principle1, may be reflected in the co-organization of ubiquitously observed cortical activity: 
irregular firing2, synchronized oscillations3 and neuronal avalanches4. Here we provide 
computational evidence that these salient features of cortical activity can be simultaneously 
accounted in a generic neural circuit capturing the excitation-inhibition balance with realistic 
synaptic dynamics. Their simultaneous organization achieves maximal information efficiency 
and minimal firing rate when individual irregular firings are coordinated as well as shaped by 
moderate synchrony to reduce otherwise redundant spikes. Such cost-efficient dynamical 
modes could be employed as a foundation for further efficient information processing with 
low energy cost. 
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    To explore the combined effect of Bose-Eistein condensate (BEC) and Berry curvature, we 
study the properties of cold bosons in a two-dimensional optical lattice system where BEC 
occurs at a momentum point k with non-zero k-space Berry curvature. Starting from Gross-
Pitaevskii equation, we show the boson system carries non-universal equilibrium and edge 
current both analyticly and numerically. Based on equation of continuity, we found the 
elementary bulk excitation is independent of Berry curvature while edge excitation is 
modified by chiral edge excitations. As a result, the equilibrium angular momentum and edge 
current are modified at finite temperatures by gapless bulk and chiral edge excitations. 
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    We measure the Casimir force between silicon components of non-conventional shapes on 
a silicon-on-insulator wafer. The device consists of a force-sensing micromechanical beam 
and a comb-drive actuator for controlling the distance. The magneto-motive technique is used 
to measure the shift in the resonance frequency of the force sensing beam. Each of the 
interacting surfaces contains an array of T-shaped protusions. Since the protusions on both 
sides are created by lithography and reactive ion etching, both their shapes and relative 
positions can be accurately defined. Here, the protusions on the two surfaces are offset by 
half the period. As the movable electrode is pushed towards the silicon beam by the comb 
drives, the two sets of protusions inter-penetrate. The lateral Casimir force between the top 
parts of the T-shaped structures produces in an overall interaction that is either apparently 
attractive or repulsive depending on the displacement of the comb actuators. The measured 
non-monotonic dependence of the Casimir force on distance is in qualitative agreement with 
preliminary calculations using the boundary elements method. 
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A new research platform for studies into late-stage stellar evolution 
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    I will provide a brief background into the fascinating phenomena of planetary nebulae, a 
brief but important stage in the late evolution of low to intermediate mass stars, before 
concentrating on a cutting edge research platform that we have developed. This new 
infrastructure promises to greatly assist the scientific exploitation and study of these complex 
objects. They provide key windows into the physics and processes of late-stage stellar 
evolution, mass-loss, chemical enrichment of the surrounding interstellar medium through 
ejection of processed stellar material and the influence of central star binarity on morphology 
and shaping. 
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Nuclear Physics aims at understanding the fundamental properties of matter and the origin 
and evolution of elements in the universe. Most of the stable nuclei found on earth are created 
from the decay of unstable nuclei in the stars. The availability of short-lived nuclei produced 
at the radioactive-isotope beam (RIB) facilities worldwide in recent years has led to 
numerous discoveries of new phenomena in exotic nuclei, such as emergence of new magic 
numbers, neutron halos and skin. To understand the new properties of unstable nuclei, it is 
essential to obtain a detailed knowledge of correlations between nucleons and their 
mechanisms from the stability to instability.  
 
In this talk, I will present two HKU experimental programs at the world’s leading RIB 
facilities including RIKEN Nishina Center (Japan) and NSCL/MSU(United States): (i) In-
beam gamma spectroscopy to investigate the new magicity of exotic nuclei(ii) Direct reaction 
spectroscopy to probe the nucleon correlations and driving forces. The setup and results of 
recent experiments as well as the detector projects will be discussed.  
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It is controversial in the community whether magnetic field plays a major role in interstellar 
medium (ICM) fragmentation. Also it is quite difficult to observe deeply into star forming 
region across different scales to determine how significant magnetic field is during massive 
star formation. The dynamics of the magnetic field, gravity and turbulence is also in rigorous 
debate due to the observational difficulty.  
 
This presentation aims at providing a survey of magnetic fields from 100 pc to 0.1 pc scales 
inferred from polarimetric observations of a massive star forming region of NGC6334. In the 
region which stellar feedback is not significant, the magnetic field directions across the entire 
scale are not severally affected, and the field is dynamically important over the scales 
concerned. Furthermore, when investigating the self- similar morphology of the field lines, it 
is discovered that the hourglass-shaped magnetic field lines pinched at the gas column 
density peaks and the field strength is proportional to 0.4-power of the density, which is a 
strong indication that the fragmentation in NGC6334 is driven by magnetic fields. This work 
has been published in top-rank scientific journal Nature. 
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    The Large Area Telescope (LAT1) on board the Fermi gamma-ray space telescope 
(launched in 2008) has revolutionized the field of gamma-ray astronomy, producing a 
plethora of scientific results over a broad range of areas, from Galactic (e.g. pulsars2) to 
extra-Galactic (e.g. GRBs3) astronomy, tackling also some of the deepest questions in 
fundamental physics (e.g. Lorentz Invariance Violation4). Thanks to the LAT, the number of 
gamma-ray sources has increased by over an order of magnitude, to over 3,0005. The origin 
of >1000 of these sources, however, remains a mystery; these are the so-called unassociated 
gamma-ray sources, with no known astrophysical counterpart at any other wavelength. While 
many LAT unassociated sources likely belong to known classes of objects (e.g. pulsars), a 
more exotic origin for some of these sources is also possible (e.g. dark matter annihilation). 
Using the properties of known gamma-ray sources, one can train a computer, via machine 
learning algorithms, to automatically rank and classify unassociated sources, according to 
their most likely class6. We have applied a number of popular algorithms (e.g. logistic 
regression, random forests, support vector machines) to the various Fermi LAT catalogs, 
including the most recent 3FGL catalog5. Our results will aid further studies and follow-up 
observations of these LAT unassociated sources. By prioritizing the most promising 
candidates in certain categories (e.g. pulsars), we will optimize the search strategy and reduce 
the amount of time and effort required to identify the nature of these sources.  
 
References 
(1) W. B. Atwood, et al., "The Large Area Telescope on the Fermi Gamma-Ray Space Telescope 

Mission", The Astrophysical Journal, 2009, 697, 1071-1102. 
(2) A. A. Abdo, et al., "Detection of 16 Gamma-Ray Pulsars Through Blind Frequency Searches 

Using the Fermi LAT", Science, 2009, 325, 840. 
(3) A. A. Abdo, et al., "Fermi Observations of High-Energy Gamma-Ray Emission from GRB 

080916C", Science, 2009, 323, 1688 
(4) A. A. Abdo, et al., "A limit on the variation of the speed of light arising from quantum gravity 

effects", Nature, 2009, 462, 331 
(5) F. Acero, et al., "Fermi Large Area Telescope Third Source Catalog (3FGL)", The Astrophysical 

Journal Supplements, 2015, accepted for publication 
(6) M. Ackermann, et al., "A Statistical Approach to Recognizing Source Classes for Unassociated 

Sources in the First Fermi-LAT Catalog", The Astrophysical Journal, 2012, 753, 83  

 
  

mailto:pablosp@hku.hk


- 60 - 
 

E05. 
 

Non-Uniqueness of Classical Inflationary Trajectories on a High-
Dimensional Landscape 

Siyi Zhou 

Department of Physics, The Hong Kong University of Science and Technology, Hong Kong, China.  
*E-mail: szhouah@ust.hk 

 
The speaker will give a brief introduction on string landscape inflation and multi-stream 
inflation. Several existing ways of phenomenologically generating random potential will also 
be presented. She will then talk about how they generate the random potential in their work. 
The results about constraints caused by bifurcation in parameter space in inflation in a 
landscape will be discussed. It is found that, for example, in 10 dimensions, only 10^3~10^6 
of the parameter space volume leads to unique classical trajectories. 
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    Dark matter (DM) is the most abundance matter in the universe, which contributes to more 
than 80% of mass in the matter sector. However, due to its only interaction with normal 
matter by gravity, most of the fundamental properties of DM remain poorly constrained. Also, 
in most of the literature in stellar astrophysics, the role of DM is not accounted. Therefore, it 
remains unclear to what extend can DM affects the structure and evolutions of stellar objects, 
and whether DM can leave its imprints on these observables.   
 We have shown that the admixture of DM due to the extra gravity can significantly 
change the stellar structure of a white dwarf at the Chandrasekhar mass1, which is believed to 
be the progenitor of Type-Ia supernovae (SNIa) and acceretion induced collapse (AIC). By 
using our recently developed two-dimensional hydrodynamics code2, we found that SNIa 
might not be as universal as expected and DM admixture might be the reason for explaning 
the observed sub-luminous SNIa3. We extend our calculations to the scenario of AIC by 
following the hydrodynamics evolution of how a white dwarf collapses up to the formation of 
a proto-neutron star, with the amount of admixed DM as a parameter4. In this talk, we will 
present some recent results of this study. We show that the presence of DM can slow down 
the collapse, where in some cases, the collapse timescales are lengthened by a factor of O(10). 
The final masses and radii of the newly-formed neutron stars are also sensitive to the amount 
of admixed DM. Our results may provide a new mechanism in forming low-mass neutron 
stars. Observations of these objects will shed light on the properties of DM.  
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The position and movement of synaptic vesicles in presynaptic terminals are important for 
synaptic transmission. However, accurate three-dimensional tracking of single synaptic 
vesicles in presynaptic terminals has remained a challenge. Using dual focus imaging optics, 
we have been able to track quantum dot-labeled single vesicles in three-dimensions, with an 
accuracy of 20 nm in x-y and 30 nm in z in 10 Hz imaging. We observed three typical 
patterns of movement of single vesicles up to the moment of exocytosis – minimal (almost 
stationary), intraboutonic, and intersynaptic movement. Intersynaptic movement sometimes 
appeared as largely unidirectional motion. Using different loading protocols, we tracked the 
dynamics of synaptic vesicles derived from either readily releasable pool (RRP) or total 
recycling pool (TRP). The vesicles from RRP were located much closer to fusion sites than 
those from TRP. This spatial disparity determines the identity of the synaptic vesicles pool. 
Also two different modes of exocytosis - full-collapse-fusion and kiss-and-run - were 
distinguished using the degree of quenching of photoluminescence by trypan blue. Vesicles 
that underwent kiss-and-run traveled shorter distances before fusion than those which 
underwent full-collapse fusion, which  support the idea that the choice between fusion modes 
is not solely determined at the last moment but depends on prior vesicle state, including 
starting position before stimulation and pool of origin. In order to determine the location of 
releasing position relative the center of the active zone, we localized the centroids of 
spectrally separable markers, FM 4-64 (presynaptic sites) and PSD 95-GFP (postsynaptic 
sites) in three dimensions using the same methods as Qdot loaded vesicles. We found that 
synaptic vesicles undergoing kiss-and-run tend to fuse close to the center of the active zone 
whereas vesicles undergoing full-collapse fusion tend to fuse all around the synapse. This 
difference of fusion mode may be related to the difference in the spatial distribution of 
AMPA and NMDA receptors, implying the relation between fusion mode and synaptic 
transmission.  
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    Neurons transmit information through spikes. Given the prevalence of correlation among 
neural spike trains experimentally observed in different brain areas 1-4, it is of interest to study 
how neurons compute correlated input. Yet how it depends on the synaptic properties and 
conductance kinetics in neuronal interaction is very little known. Through simulation of leaky 
integrate-and-fire (LIF) neurons, we studied the effects of excitatory and inhibitory synaptic 
decay times, level of background activities and conductance fluctuation on the output 
correlation of different time scales for neurons receiving correlated excitatory input, and 
provide important understanding on the mechanism of how these factors influence neural 
computation of such correlated input.  

We showed that the ratio of long-term correlation to short-term correlation (synchrony) 
increases with excitatory synaptic decay time and decreases with the level of background 
activity due to the combined effects of jittered spike time and burst firing. In particular, it is 
possible for neurons with small excitatory synaptic decay time in high conductance state to 
respond to correlated input by solely giving extra precisely timed synchronous spikes without 
exhibiting correlation of longer time scale. In addition, we showed that fluctuations of 
conductance and membrane potential lead to reduced output correlation, which can be 
explained by decrease in the prevalence of burst firing. 
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When grown on air-semisolid interface, many bacteria are able to move in groups and expand 
rapidly, in a manner called swarming1. Bacteria swarming displays rich collective behavior2. 
In this work, we focus on the interaction between swarm cells of E. coli and their fluid 
environment. Using novel tracers, we discovered large scale self-organization in E. coli 
swarming colonies that spans a distance of milimeters. This long range self-organization most 
likely results from local interactions. The results provide new insights into the collective 
behavior in active matter systems. 
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    In continuous attractor neural networks (CANNs), spatially continuous information such as 
orientation, head direction, and spatial location is represented by Gaussian-like tuning curves 
that can be displaced continuously in the space of the preferred stimuli of the neurons. We 
investigate how short-term synaptic depression (STD) can reshape the intrinsic dynamics of 
the CANN model and its responses to a single static input. In particular, CANNs with STD 
can support various complex firing patterns and chaotic behaviors. These chaotic behaviors 
have the potential to encode various stimuli in the neuronal system. This work is supported 
by the Research Grants Council of Hong Kong (grant numbers 604512, 605813 and 
N\_HKUST606/12) and the National Foundation of Natural Science of China (No. 31221003, 
No. 31261160495). 
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    Network growth models have become an indispensable part of the study of networks. In 
these models, the network grows by sequential addition of new nodes, where the connectivity 
of each newly added node is determined by the existing network connectivity and a set of 
predefined rules describing the network growth mechanisms. A number of network growth 
mechanisms has been proposed to explain the emergence of structural properties observed in 
real networks. For example, the widely-studied preferential attachment mechanism assumes 
that a newly added node is more likely to link to an existing node that is already well-
connected. Such a mechanism can explain the power-law degree distribution observed in 
complex scale-free networks [1]. However, the growth mechanisms of many networks are 
incompatible with preferential attachment. In many bipartite systems composed of two types 
of agents that interact, there exists a fundamental conflict of interests as to the preferred level 
of connectivity. For example, in an interaction network between virus (phage) and microbe 
(bacteria) where a link denotes the ability for a given phage to infect a bacteria, a high level 
of connectivity may be beneficial for a phage but detrimental to a bacteria. Recent studies 
have revealed intriguing structural properties in these infection networks. They exhibit a 
nested pattern where relatively highly-resistant bacteria are infected by generalist phages and 
relatively susceptible bacteria are infected by generalist and specialist phages [2]. In addition, 
they can exhibit modular patterns with groups consisting of phages and bacteria that interact 
strongly within the group but not between groups [3]. The mechanism for the emergence of 
these properties is not well understood. We propose a network growth model with a 
conflicting attachment mechanism inspired by the evolution of phage-bacteria interactions. 
We find that the resulting networks reproduce realistic patterns found in empirical data 
including nestedness, modularity, and a nested-modular pattern where modularity is observed 
at the network scale and nestedness is observed at the module scale. We study the role of 
conflicting interests in shaping network structure and discuss ways to incorporate greater 
realism in linking growth process to pattern. 
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P01 Observation of distinct atomic caging in Ce80Ni20 metallic melts 
- Changjiu Chen (CityU) 

 
P02  (CANCELLED) 

 
P03 Cross-Coupling of Aryl-Bromide and Porphyrin-Bromide on an Au(111) Surface 
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