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Peking University is the first institute of higher learning in modern China to conduct physical education and 

research. It has been nearly a hundred years since Peking University established its physics division in 1913. One 

hundred years on, we have experienced the hardships of pioneering, the prime time of the National Southwest 

Associated University period, the vigorous development at the foundation of the new country, and the huge 

progress brought by the execution of the Reform and the Opening Up policy. Generations of scholars here have 

consolidated the foundation for the education and research of physical science and modern science in general in 

China with their combined vision, perseverance and innovation. Today, the School of Physics, Peking University 

has become a highly renowned research and talent cultivation center for physics. 

As it embarks on its second century, the Peking University School of Physics establishes its new goal of 

developing into the world’ s first-class institution of physical education and academia. In order to achieve this 

�J�R�D�O�����Z�H���Z�L�O�O���F�D�U�U�\���R�X�W���R�X�U���G�L�V�W�L�Q�J�X�L�V�K�H�G���W�U�D�G�L�W�L�R�Q�V�����L�G�H�Q�W�L�I�\���W�K�H���V�S�H�F�L�¿�F���W�D�U�J�H�W���S�X�U�S�R�V�H�����F�R�Q�V�W�U�X�F�W���D���V�F�L�H�Q�W�L�¿�F���D�Q�G��

sustainable mechanism, attract and train the outstanding talent groups, create a free and corporative environment, 

develop a rigorous and truth-seeking academic attitude, and cultivate an exceeding and innovative scholarly 

spirit.  

The root of our work lies in promoting physical research. Based on my understanding of many colleges and 

�X�Q�L�Y�H�U�V�L�W�L�H�V���D�W���K�R�P�H���D�Q�G���D�E�U�R�D�G�����W�K�H�U�H���D�U�H���T�X�L�W�H���I�H�Z���Z�K�R�V�H���¿�H�O�G�V���R�I���V�W�X�G�\���F�D�Q���E�H���D�V���E�U�R�D�G���D�V���R�X�U�V—both spatially 

and temporally—as big as universes and galaxies, small as atoms and quarks, and as fast as attoseconds, slow as 

billion years. Research in the School of Physics is not only devoted to the frontiers of fundamental physics but 

also to the innovation of advanced technology as well as to the exploration of interdisciplinary collaborations. 

We strive to follow the development trend of physical research and expect to make continuous breakthroughs in 

the future.   

The center of our work is attracting and cultivating talents. We have been engaging ourselves in discovering, 

attracting and training leading innovative talents, including distinguished scholars and outstanding young men 

and students. We seek to provide for them favorable research and living conditions, a free and friendly working 

environment and a sustainable room to develop. It is our belief that the true meaning of our lives here at Peking 

University the School of Physics lies in the infatuated and persistent exploration into the infinite world of the 

unknown. 

To study the nature of things in order to acquire knowledge is a mission that the School of Physics, Peking 

University has undertaken for nearly a hundred years. Today, our school will continue to extend our great 

scholarly tradition of “ Diligence, Rigorousness, Truth, and Innovation” , make down-to-earth, united and 

�D�F�W�L�Y�H���Hu�R�U�W�V���L�Q���R�U�G�H�U���W�R���E�X�L�O�G���R�X�U���V�F�K�R�R�O���L�Q�W�R���D���O�H�D�G�L�Q�J���L�Q�V�W�L�W�X�W�H���R�I���S�K�\�V�L�F�D�O���H�G�X�F�D�W�L�R�Q���D�Q�G���U�H�V�H�D�U�F�K���W�K�D�W���Q�R�W���R�Q�O�\��

plays a leading role in China but also exerts an important impact on all over the world.

Xincheng Xie   
Dean of School of Physics, Peking University
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include string and cosmology, particle physics theory, hadronic physics, nuclear physics, condensed matter and 

statistical physics that cover from the scale of the universe down to microscopic scales of elementary particles.
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I. The study of spin-singlet charmonium ���F��production

The LHCb collaboration measured the �´�F production 

at the Large Hadron Collider in 2014. As the first 

measurement of spin-singlet charmonium production, 

it is very important for revealing the mechanism 

of heavy quarkonium production. Based on spin 

symmetry in the heavy quark limit, we established a 

relation between the production of spin-singlet state 

�´�F and spin-triplet state . Then in the framework of 
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nonrelativistic quantum chromodynamics (NRQCD), 

we performed the next-to-leading order calculation 

of �´�F production and found that the measured cross 

section can be well described. In our previous study, 

by including the next-to-leading order effect, we 

found that both cross section and polarization of 

the  measured at hadron colliders Tevatron and LHC 

can be explained by two linear combination of three 

color-octet long-distance matrix elements, including 

spin-singlet S-wave, spin-triplet S-wave and spin-

triplet P-wave states, which provides a solution for 

the long-standing polarization puzzle of charmonium 

production at hadron colliders. Under the assumption 

of spin symmetry, the measurement of �´�F production 

provides a new constraint for long-distance matrix 

elements of , which may fully determine all three of 

them. It will be important for future experiments to 

further constrain these long-distance matrix elements, 

to test the heavy quark spin symmetry, and to fully 

understand the production mechanism of heavy 

quarkonium. This result is published in Physical 

Review Letters 114, 092005 (2015).
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III. Precision predictions for top quark pair production

In general, quantum chromodynamic (QCD) controls 

the precision of the theoretical prediction in deep 

inelastic scattering and at the CERN large hadron 

collider (LHC). In order to compare with more precise 

experimental measurements, it is imperative to provide 

the predictions for the process with high order QCD 

corrections. The precision prediction can be achieved 

�E�\���R�E�W�D�L�Q�L�Q�J���W�K�H���K�L�J�K���¿�[�H�G���R�U�G�H�U���H�[�S�D�Q�V�L�R�Q���R�I�����R�U���W�K�H��

resummation of the logarithmic terms in the infrared 

sensitive phase space region to all order in  .   A 

tremendous effort has been devoted to the studies 

of perturbative QCD calculations.  In 2015-2016, 

Prof Chong Sheng Li’ s group has made significant 

progress on this research region and have published 

one paper in Physical Review Letters and several 

papers in Journal of High energy Physics and Physical 

Review D, respectively.  The selective achievements 

are introduced as following. 

For the fixed order calculations, Prof. Chong Sheng 

Li ’ s group present a fully differential next-to-next-

to-leading order calculation of charm quark production 

in charged-current deep-inelastic scattering, with full 

charm-quark mass dependence. The next-to-next-

to-leading order corrections in perturbative QCD 

can reduce the next-to-leading order cross sections 

by 10%  in certain kinematic regions. The results 

can be used to improve the extraction of the parton 

distribution function of a strange quark in the nucleon 

in the intermediate-x region, and relieve the tention of 

strange-quark distributions extracted from ATLAS and 

DIS experiments .The work was published in Phys.

Rev.Lett. 116, 212002 (2016).

The resummation effects for vector boson pair 

production with a jet veto at the LHC was investigated 

by Prof. Chong Sheng Li’ s group. Their results agree 

very well with the CMS data for Z productions within 

2 �³  C.L. at �� S = 8 TeV, which can explain the 2 �³  

discrepancy between the CMS experimental results 

and theoretical predictions based on NLO calculation 

with parton showers. The work was published in Phys.

Rev. D 93, 094020 (2016).  The threshold resummation 

�Hu�H�F�W�V���I�R�U���W�K�H���V�L�J�Q�D�O���E�D�F�N�J�U�R�X�Q�G���L�Q�W�H�U�I�H�U�H�Q�F�H���S�U�R�F�H�V�V��

of  , which can be used to constrain the Higgs boson 

decay width and to measure Higgs couplings to 

the SM particles.  The soft gluon resummation can 

increase the approximate NNLO result by about 10% 

at both the 8 TeV and 13 TeV LHC. After published in 

JHEP 1508, 065 (2015), this work has been cited about 

40 times. 

The top quark is being copiously produced and 

observed at the CERN Large Hadron Collider 

(LHC). This allows precision measurements of many 

important properties of the top quark, which are 

crucial for testing the Standard Model of particle 

physics and searching for possible new physics at 

higher energy scales. The progress on the experimental 

side imposes high demands on the accuracies of 

theoretical calculations. Especially, one finds that 

even at the next-to-next-to-leading order (NNLO) in 

perturbative Quantum ChromoDynamics (QCD), the 

�W�K�H�R�U�H�W�L�F�D�O���S�U�H�G�L�F�W�L�R�Q�V���I�R�U���G�Lu�H�U�H�Q�W�L�D�O���F�U�R�V�V���V�H�F�W�L�R�Q�V���R�I��

top quark pair production still have large dependence 

on the choice of unphysical renormalization and 

factorization scales. In addition, the experimental 

�U�H�V�X�O�W�V���I�R�U���W�K�H���G�Lu�H�U�H�Q�W�L�D�O���F�U�R�V�V���V�H�F�W�L�R�Q�V���F�D�Q�Q�R�W���D�J�U�H�H��

with the NNLO theoretical predictions in all kinematic 

�U�H�J�L�R�Q�V�����7�K�H�V�H���L�V�V�X�H�V���F�D�O�O���I�R�U���K�L�J�K�H�U���R�U�G�H�U���4�&�'���Hu�H�F�W�V��

to be incorporated. Recently, the group of Li-Lin Yang 

�P�D�G�H���V�L�J�Q�L�¿�F�D�Q�W���S�U�R�J�U�H�V�V���R�Q���W�K�L�V���S�U�R�E�O�H�P��

To calculate higher order QCD effects, the group 

of Li-Lin Yang employed a soft gluon resummation 

framework which they developed earlier. The high 

energy top quark pair production process is a very 

special one. Large logarithms appear in perturbative 

calculations, making the perturbative expansion badly 

convergent. The resummation method can reorganize 

the terms in the perturbative series such that higher 

order logarithmic terms can be incorporated. The 

�U�H�V�X�O�W���V�K�R�Z�V���W�K�D�W���W�K�H���U�H�V�X�P�P�D�W�L�R�Q���Hu�H�F�W�V���V�L�J�Q�L�¿�F�D�Q�W�O�\��

reduce the dependence of the theoretical prediction on 

the scale choices. Moreover, the results agree well with 

the experimental measurements in the whole phase 

�V�S�D�F�H�����D�Q�G���W�K�H���F�R�Q�À�L�F�W���E�H�W�Z�H�H�Q���W�K�H�R�U�\���D�Q�G���H�[�S�H�U�L�P�H�Q�W��

is largely alleviated. These results were published 

in Physical Review Letters 116, 202001, 2016. 

Afterwards, the group of Li-Lin Yang collaborates 

with the NNLO group to give more complete 

theoretical predictions combining ingredients from 

both sides. These were published in Journal of High 

Energy Physics 1805, 149, 2018, which represents the 

state-of-the-art QCD predictions for the differential 

cross sections in top quark pair production.
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Figure 1. Schematic diagrams of the setup and the domain size evolution with growth time.

I. New world record of graphene growth rate

Graphene has a range of unique physical properties 

and could be of use in the development of a variety 

of electronic, photonic and photovoltaic devices. For 

most applications, large-area high-quality graphene 

�¿�O�P�V���D�U�H���U�H�T�X�L�U�H�G���D�Q�G���W�K�H���F�K�H�P�L�F�D�O���Y�D�S�R�X�U���G�H�S�R�V�L�W�L�R�Q��

(CVD) synthesis of graphene on copper surfaces has 

been of particular interest due to its simplicity and 

�F�R�V�W���Hv�F�L�H�Q�F�\�����+�R�Z�H�Y�H�U�����&�9�'���J�U�D�S�K�H�Q�H���J�U�R�Z�W�K���U�D�W�H�V��

on copper are less than 0.4 � m/s, and therefore the 

synthesis of large, single-crystal graphene domains 

takes at least a few hours.

Recently, Prof. E. G. Wang, Prof. D. P. Yu and Prof. K. 

H. Liu from Peking University and other collaborators 

found a new way to realize the ultrafast growth of sub-

millimeter-sized single-crystal graphene on copper foil 

with record growth rate of 60 � m/s, which is several 

orders of magnitude faster than previous record. This 

work has been published in Nature Nanotechnology by 

"Ultrafast growth of single-crystal graphene assisted 

by a continuous oxygen supply" (Xiaozhi Xu et al. 

Nature Nanotechnology 11, 930–935 (2016)).

The high growth rate is achieved by placing the 

copper foil on an oxide substrate with a gap of ~15 

� m between them. The oxide substrate provides a 

continuous supply of oxygen to the copper catalyst 

surface during the CVD growth, which significantly 

lowers the energy barrier to carbon feedstock 

decomposition and increases the growth rate. With 

the approach, they are able to grow single-crystal 

graphene domains with a lateral size of 0.3 mm in just 

5 seconds. The ultrafast growth enables a potential 

of growing inch-sized single-crystal graphene wafer 

in a few minutes for scalable high quality graphene 

applications.
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There are 63 faculty members in the institute, consisting of 5 tenured professors, 3 tenured associate professors, 

7 tenure-track faculty members, 17 full professors, 16 associate professors, and 15 engineering technicians.  

Among the senior researchers are 5 academicians of the CAS, 4 Chang Jiang scholar professors�Èand 5 national 

�G�L�V�W�L�Q�J�X�L�V�K�H�G���\�R�X�Q�J���V�F�K�R�O�D�U�V�������7�K�H���U�H�V�H�D�U�F�K���¿�H�O�G�V���F�R�Y�H�U�L�Q�J���D���Z�L�G�H���U�D�Q�J�H���L�Q�F�O�X�G�H���'�H�Y�L�F�H�V���D�Q�G���3�K�\�V�L�F�V���R�I���:�L�G�H��

gap semiconductors, Condensed Matter Physics, Nanosized Semiconductors and Optoelectronic Physics, Surface 

physics and Scanning Tunneling microscopy, Physics and Devices of High Temperature Superconductors, Low-

dimension Nanostructure and Physics, Soft Condensed Matter Physics, and Physics of Magnetism and Advanced 

Magnetic Materials.
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�n 1. �Äa�Å�¶�øv���>�¼ GaN�	�1	³��	ª�ì STEM �n �Äb�Å�N�Ò PL �ª�l �Äc�Å�Ë�“ PL �ª�l �Äd�Å�É�1�•
�-�ö�-�”�	r�@�<�<�÷ �Äe�Å�ž���…
ö�Ä	��@�0�	r�|�����r �Äf�Å�É�1�•�-�ö�	r�V�j�n �Ä

Figure 1. (a) STEM images of the MQWs structure and the inserted quasi-2D GaN layers. (b) Temperature-
dependent PL spectrum. (c) Radiation and polarization properties of the sample. (d) E-beam pumped emission 
spectrum in CW regime. (e) The dependence of output power on e-beam current in pulse-scan mode and CW 
mode. (f) The pumping scheme of the MQWs structure by an electron beam.

�,�,�����+�L�J�K���R�X�W�S�X�W���S�R�Z�H�U���H���E�H�D�P���S�X�P�S�H�G���X�O�W�U�D�Y�L�R�O�H�W���O�L�J�K�W���V�R�X�U�F�H

Al xGa1-xN-based UV light sources are currently 

considered as excellent candidates to replace excimer 

and mercury lamps, showing unique advantages of 

�K�L�J�K���Hv�F�L�H�Q�F�\�� �D�Q�G���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\�� �I�U�L�H�Q�G�O�\�� �V�R�X�U�F�H�V����

UV light sources with high performance are of great 

importance because they are promising for a wide 

variety of applications such as water/air purification, 

biological/chemical analysis, surface modification 

and so on. However, the output power and emission 

efficiency of deep-UV light sources are still much 

poorer because they suffer from several inherent 

issues, in particular the difficulty in p-type doping 

for high-Al-content AlGaN layers, and the transverse 

magnetic (TM, E//c) polarized emission involvement. 

�7�R�� �D�Y�R�L�G���W�K�H���G�Lv�F�X�O�W�\�� �L�Q���S���W�\�S�H���G�R�S�L�Q�J���� �Z�H�� �D�G�R�S�W���D�Q��

electron-beam (e-beam) pumping method instead of 

conventional electrical injection. Also, we propose a 

novel active region, i.e. quasi-two-dimensional (quasi-

2D) GaN layers inserted in Al0.75Ga0.25N matrix. In 

comparison with conventional MQWs, such quasi-

2D GaN layers show the following advantages: (1) 

The carrier localization is greatly promoted both in 

vertical and lateral directions; (2) The crystalline 

quality should be pretty good since the quasi-2D GaN 

layers are coherently grown on the AlGaN layers and 

�K�H�Q�F�H���I�U�H�H���R�I���P�L�V�¿�W���G�L�V�O�R�F�D�W�L�R�Q�V���D�Q�G�����������7�K�H���8�9���O�L�J�K�W��

emission along c-axis (TE, E�5 c) is predicted to be 

dominant.

The designed structure of quasi-2D GaN wells 

was grown by plasma-assisted MBE. The periodic 

ultrathin quasi-2D GaN layers are clearly recognized 

in the STEM image and the coherent growth of the 

GaN is confirmed. The quasi-2D GaN structure was 

deposited on a AlN/c-sapphire template. The TDD in 

the AlN template is estimated by XRD measurement 

to be around 4× 109 cm-2. The estimated IQE at RT 

is about 34% from the temperature-dependent PL 

measurements. The TE polarized light emission is 

dominate with a measured polarization degree of 

40.5%. A flip chip e-beam pumped UV light source 

was fabricated. To increase the UV light extraction 

�Hv�F�L�H�Q�F�\���W�K�U�R�X�J�K���W�K�H���V�D�S�S�K�L�U�H���$�O�1���L�Q�W�H�U�I�D�F�H���Z�H���P�D�G�H��

a network of grooves on the wafer surface in two 

orthogonal directions before coating the Al mirror. 

The e-beam pumped emission spectrum in the CW 

pumping mode at room temperature was measured 

with the emission centered at 285 nm. The maximum 

output power is ~160 mW (~39 mW) in the pulse-scan 

(CW) regime pumped at the electron energy of 20 

keV (15 keV). Our work demonstrates that the quasi-

2D GaN layers are promising for fabrication of high-

output-power deep UV light sources. This research 

work is partially supported by the MOST of China, 

the NSFC and the State Key Laboratory of Artificial 

Microstructure and Mesoscopic Physics.
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Figure 1. (a) Exciton-plasmon interaction of low-
dimensional materials. (b) Charge transfer at the 
interface of low-dimensional materials.

III. Light control of exciton-plasmon interaction in low-dimensional materials

Two-dimensional materials (2D) is a family of 

atomically thin low-dimsional materials. Since 

graphene was prepared, more and more 2D materials 

are synthesized. The family of transition-metal-

dichalcogenides (TMDs) attract great attention among 

the group of materials scientists. Monolayer MoS2 

is a member of this family, it shows unique optical 

properties compared with bulk materials, such as direct 

band-gap, multi-exciton photoluminescence (PL) and 

valley-polarized PL. However, the ultra-thin thickness 

limits the light-matter interaction of materials, which 

only absorbs less than 8% light in the visible range. 

�3�O�D�V�P�R�Q�L�F���Q�D�Q�R�V�W�U�X�F�W�X�U�H���L�Q�G�X�F�H�G���Q�H�D�U���¿�H�O�G���P�R�G�H�V���F�D�Q��

couple with exciton forming exciton-plasmon modes, 

which helps to realize the light control of exciton-

plasmon interaction in low-dimensional materials.

Recently, the group of Prof. Z. Y. Fang from Peking 

University explored the process of exciton-plasmon 

interaction by fabricating plasmonic nanostructures 

on monolayer MoS2. They ultilized plasmonic hot 

electrons doping MoS2 monolayers, and the doping 

effect changes the dielectric constant of MoS2 

resulting in spectral change. This spectroscopic 

tuning was further investigated by using different 

Au nanoparticle concentrations, excitation laser 

wavelengths and intensities. This work has been 

published in ACS Nano by “ Active Light Control 

of the MoS2 Monolayer Exciton Binding Energy”  

(ACS Nano, 9, 10158-10164 (2015) ). To realize 

homogeneous doping in a large area, they fabricated 

GQD/MoS2 heterostructures, and realized an active 

�F�R�Q�W�U�R�O�O�H�G���R�S�W�L�F�D�O���G�R�S�L�Q�J���S�U�R�F�H�V�V�����7�K�H���G�R�S�L�Q�J���Hu�H�F�W���L�V��

arising from the charge tunneling of localized surface 

plasmon of GQDs. GQDs doping effect was further 

used to modulate the degree of circular polarization 

of MoS2 monolayers. The work has been published in 

Advanced Materials by “ Graphene Quantum Dots 

Doping of MoS2 Monolayers”  (Advanced Materials, 

27, 5235-5240 (2015)). This work has demonstrated 

the charge transfer process at the interface of low-

dimensional materials, which paves the way for 

applications in biological sensing, photodetectors and 

light-emitting devices.
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�,�9�����7�K�H���I�U�H�H���H�Q�H�U�J�\���G�L�V�V�L�S�D�W�L�R�Q���L�Q���E�L�R�O�R�J�L�F�D�O���R�V�F�L�O�O�D�W�L�R�Q�V

Biological systems provide excellent examples for 

physicists studying information processing in non-

equilibrium systems. The relationship between 

biological regulatory functions and non-equilibrium 

thermodynamics has been an active research area in 

biophysics. In particular, biological oscillation serves 

as a clock for living systems by regulating time-related 

processes such as the cell cycle, the cardiac rhythm, 

and the circadian clock. However, in the micron-scale 

�F�H�O�O�X�O�D�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W���� �S�K�D�V�H�� �À�X�F�W�X�D�W�L�R�Q�V�� �L�Q�� �E�L�R�O�R�J�L�F�D�O��

oscillations can be overwhelming due to molecular 

noise and environmental stochasticity. Although the 

molecular mechanisms underlying many biological 

oscillations have been elucidated over the past years, 

how noise is controlled and the thermodynamic cost of 

noise reduction have remained elusive. 

To understand the thermodynamic principles of 

biological oscillations, Professor Qi Ouyang’ s 

research group and Professor Yuhai Tu from IBM 

Watson Research Center (a joint Changj iang 

Professor in the School of Physics and the Center 

for Quantitative Biology at Peking University) 

collaborated on a work to lay the first theoretical 

�J�U�R�X�Q�G�V���I�R�U���W�K�H���U�H�O�D�W�L�R�Q�V�K�L�S���E�H�W�Z�H�H�Q���S�K�D�V�H���G�Lu�X�V�L�R�Q���L�Q��

biological oscillations and the free energy dissipation. 

All known oscillatory systems share three basic 

oscillation motifs as their core molecular network 

structure. The work found that across the three 

�R�V�F�L�O�O�D�W�L�R�Q���P�R�W�L�I�V���� �W�K�H�� �G�Lu�X�V�L�R�Q���F�R�Q�V�W�D�Q�W���R�I�� �W�K�H�� �S�K�D�V�H��

of oscillation maintains an inverse relationship with the 

free energy dissipated per period. This relationship and 

its range of validity were further shown analytically in 

a simple model of noisy oscillation. Micros8iuically, 

oscillations are driven by multiple irreversible cycles 

that hydrolyze fuel molecules such as ATP. The more 

free energy consumed per period, the more periods the 

phase of oscillation remains coherent. Experimental 

evidence in support of this general relationship and 

testable predictions were also presented in the work. 

The work provided theoretical evidence that life, as 

an open system, invests free energy to maintain its 

regulatory functions and remain highly ordered. It was 

published in Nature Physics with the title “ The free 

energy cost of accurate biochemical oscillations”  

(Nature Physics 2015, 11, 722–778)
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Fig. 1: In three biological networks that drives 
osci l lat ions, the phase di ffusion constant is 
inversely proportional to the free energy dissipation. 
Micros8iuically, oscillations are driven by multiple 
irreversible cycles that consume energy. The more free 
energy consumed per period, the more accurate the 
phase of oscillation remains.
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CAS-PKU Ultrafast Optics & Laser Physics Center and PKU Opto-Electronics Center. 

IMO acted the team building as the core and has developed rapidly in the past ten years through training and 

introducing a lot of outstanding young scholars. Currently, IMO has 24 faculty members (including 20 academic 

faculty members and 4 engineers). There are 9 professors, 5 associate professors, 1 tenure professor, 1 tenure 

associate professors, 4 tenure-tracking assistant professor, 1 senior engineer and 3 engineers. IMO possesses 

one Innovation Group of Optics Discipline of Mathematical and Physics Department in the National Natural 

Science Foundation of China, and one Innovation Team in Key Areas of Ministry of Science and Technology. 

There are 1 academician of the Chinese Academy of Science, 3 distinguished professor fellowship of Changjiang 

�6�F�K�R�O�D�U���3�U�R�J�U�D�P���� ���� �F�K�L�H�I�� �V�F�L�H�Q�W�L�V�W�V���R�I�� �������� �S�U�R�M�H�F�W�V���� ���� �O�H�D�G�L�Q�J�� �W�D�O�H�Q�W�V���L�Q���V�F�L�H�Q�W�L�¿�F���D�Q�G���W�H�F�K�Q�R�O�R�J�L�F�D�O���L�Q�Q�R�Y�D�W�L�R�Q��

of Ten thousand people project. 5 faculties won the National Science Foundation of China (NSFC) support for 

Distinguished Young Scholars and 5 others won the Excellent Young Scholars from NSFC. There are totally 

7 faculties elected into the Program for New Century Excellent Talents in University from the Ministry of 

Education of China. One faculty won Beijing Science and Technology New Star. Many faculties have received 

great achievements and obtained great recognitions in their research fields. One faculty was elected to the 

American Optical Society (OSA) and the British Physical Society (IoP) Fellow. Many faculty members were 

elected as editorial committee or vice editor-in-chief of the journals including Optics Letters, Advanced Optical 

Materials, Chemical Physics Letters, and China Series G. Many faculty members were elected as president of the 

international academic conferences including Nonlinear Optical Phenomena and Applications �ÄSPIE�Å�È  Asian 

Conference on Ultrafast Phenomena.      

In 2016, professor Qihuang Gong won Electronic Information Technology Award of "He Liang He Li Foundation 

Science and Technology Progress Award". Yunquan Liu won the second batch Leading Talents in Science and 

Technology Innovation under the National "Ten Thousands Project". Professor Gong Qihuang presided over the 

�Q�D�W�L�R�Q�D�O���P�D�M�R�U���V�F�L�H�Q�W�L�¿�F���U�H�V�H�D�U�F�K���L�Q�V�W�U�X�P�H�Q�W���G�H�Y�H�O�R�S�P�H�Q�W���S�U�R�M�H�F�W�����I�H�P�W�R�V�H�F�R�Q�G���Q�D�Q�R�P�H�W�H�U���V�S�D�F�H���W�L�P�H���U�H�V�R�O�X�W�L�R�Q��

�R�S�W�L�F�D�O���H�[�S�H�U�L�P�H�Q�W�D�O���V�\�V�W�H�P�������Z�K�L�F�K���Rv�F�L�D�O�O�\���O�D�X�Q�F�K�H�G���L�Q���������������5�H�V�H�D�U�F�K���D�F�K�L�H�Y�H�P�H�Q�W�V���L�Q���W�K�H���S�U�R�M�H�F�W���R�I��“ Study 

�R�Q���+�L�J�K���(v�F�L�H�Q�F�\���2�U�J�D�Q�L�F���%�O�X�H���/�L�J�K�W���H�P�L�W�W�L�Q�J���0�D�W�H�U�L�D�O�V���D�Q�G���0�H�V�R�V�F�R�S�L�F���6�W�U�X�F�W�X�U�D�O���/�L�J�K�W���H�P�L�W�W�L�Q�J���'�H�Y�L�F�H�V”  

carried by Professor Qihuang Gong and Lixin Xiao’ �V�� �J�U�R�X�S�V�� �Z�R�Q�� �W�K�H�� �¿�U�V�W���S�U�L�]�H�� �R�I�� �+�L�J�K�� �(�G�X�F�D�W�L�R�Q�� �1�D�W�X�U�D�O��

Science Award of China.

Since inception, IMO has committed itself to explore new frontiers in optics and tackle global challenges in 

optical science. The institute has established well recognized research directions including femto-science and 

intense optical physics, mesoscopic optics and nano-photonics, functional opto-electronic devices and quantum 

information. With its increasing impact in global optical society, IMO has become globally competitive institute 

for research and education in optical science.

�n 1�Ö�	�1�@���9�Ñ�-�Ý�� - �-�Ý	Â��	X�$�W�ì�ª
×	��î�9�#�Ø�‡ �È�j�Ñ�p�P�Å�¦�<�9	³�‡ �Ä 

�n 2�Ö�2�@�–���Ï�r	G
z�Ü�#�-�Ý�����k�N�Å �Ä

Fig. 1: The schematic diagram of the emitter-plasmon coupling system. 

Fig. 2: Spontaneous emission rates with varying the size of metallic nanorod. 
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By putting the quantum emitter into the nanoscale gap 

�I�R�U�P�H�G���E�\�� �P�H�W�D�O�O�L�F�� �Q�D�Q�R�U�R�G���D�Q�G���Q�D�Q�R�¿�O�P���� �3�U�R�I�����<�L�Q�J��

Gu’ s group in the team of Academician Qihuang 

Gong theoretically demonstrated the high-efficiency 

emission and collection of single photons at micro/

nano scale, which makes a substantial step to the on-

chip single photons sources. The work was published 

in Phys. Rev. Lett. 114, 193002 (2015) entitled 

“ Efficient Single Photon Emission and Collection 

Based on Excitation of Gap Surface Plasmons” . The 

detailed information can refer to the website: http://

dx.doi.org/10.1103/PhysRevLett.114.193002.

The s tudy  o f  s ing le  photon  emiss ion  is  o f 

fundamental interest for research in cavity quantum 

electrodynamics, single photon sources, and cavity-

based lasing processes. For the requirement of on-

chip devices,based on the principle of the Purcell 

effect, various nanophotonic structures have been 

proposed to tailor the emission rates and the collection 

efficiency of radiated light. Overcoming the limit of 

weak spontaneous emission of quantum emitter in 

dielectric structures, plasmon nanostructures were 

proposed to greatly enhance the emission of single 

photons. Here, through combining the advantages 

of gap surface plasmon polaritons with the low-

loss nanofibers, they demonstrated theoretically the 

efficient photon emission of a single dipole emitter 

and one-dimensional nanoscale guiding in metallic 

nanorod-coupled nanofilm structures coupled to 

dielectric nanofibers (Fig. 1). They found that total 

decay rates can be larger more than one order of 

that in metallic nanofilms.  For the requirement of 

practical applications, propagating single photons 

with decay rates of 290�¤ 0–770�¤ 0 are guided into 

�W�K�H���S�K�D�V�H���P�D�W�F�K�H�G���O�R�Z���O�R�V�V���Q�D�Q�R�¿�E�H�U�V�����7�K�H���S�U�R�S�R�V�H�G��

mechanism promises to have an important impact on 

metal-based optical cavities, on-chip bright single 

photon sources and plasmon-based nanolasers. 

The work was supported by the Creative Research 

Group project of the National Science Foundation of 

China, and the National Basic Research Program of 

China.

�,�,�����7�K�H�R�U�H�W�L�F�D�O���6�W�X�G�L�H�V���R�Q���8�O�W�U�D�I�D�V�W���'�\�Q�D�P�L�F�V���R�I���$�W�R�P�V���D�Q�G���0�R�O�H�F�X�O�H�V���L�Q���/�D�V�H�U���¿�H�O�G�V

In the years of 2015-2016, important progress on 

several topics has been made in the ultrafast dynamics 

�R�I���D�W�R�P�V���D�Q�G���P�R�O�H�F�X�O�H�V���L�Q���O�D�V�H�U���¿�H�O�G�V���E�\���R�X�U���I�D�F�X�O�W�L�H�V��

in the Institute of Modern Optics. First of all, the 

team led by Prof. Liang-You Peng and Prof. Qihuang 

Gong investigated the nonadiabaticity in the electron 
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Figures: a) On-chip triggered all-optical switch. b) Thematic evaluation by the science and technology website 
‘ Materials Views China’ of Wiley Publishing Group. c) Thematic evaluation by the journal of National 
Science Review.

a b c

The on-chip integration of micro-nano photonic 

devices is the basis for the realization of ultrawide-

band and ultrahigh-speed information processing 

chips. Its basic requirements are unified material 

platform, ultralow energy consumption, ultrafast 

response, and on-chip trigger. This is also a major 

challenge for photon integration.

Xiaoyong Hu and Qihuang Gong proposed a new 

mechanism to realize ultrafast and large third-order 

nonlinear nanocomposite materials in the near-infrared 

and optical communication range by using compound 

enhancement of nonlinearity, and fabricated multi-

component nanocomposite nano-Au:(IR140:PDTP-

DFBT). Furthermore, they combined the advantages of 

�¿�H�O�G���F�R�Q�¿�Q�H�P�H�Q�W���Hu�H�F�W���R�I�� �S�O�D�V�P�R�Q�L�F�V���D�Q�G���O�R�Z���O�R�V�V�H�V��

properties of dielectric photonics to construct on-chip 

2x2 all-optical switch. Plasmonic nanocavities having 

strong light localization and field confinement effect 

were used as the switching units, and the low-loss SiN 

slot waveguides were used as the access waveguides. 

The on-chip 2x2 all-optical switch was constructed by 

four plasmonic nanocavities interconnected with SiN 

slot waveguides. The evanescent field of the upper 

control waveguides was used to trigger the switching 

units so as to realize the optical switch function. 

The threshold pump light power was reduced by 4 

orders, and the threshold pump light intensity was 

reduced to 450 kW/cm2. An ultrafast response time 

of 63 ps was maintained simultaneously. Thus, an 

on-chip-triggered all-optical switch with an ultralow 

energy consumption, ultrafast response, and multiple 

operating wavelengths was realized. This work was 

published in Advance Optical Materials (Advanced 

Optical Materials 4, 1159 (2016)), and was selected 

as the Cover Article. The scientific web Materials 

Views China of WILEY publishing group thematically 

evaluated this work using the title ‘ Fusion of surface 

plasmons and photonics: new breakthroughs in 

ultrafast all-optical switching on the chip’  as: “ This 

work provides a new way to overcome the bottleneck 

problem of material faced by integrated photonic 

devices, help to promote the practical research of 

ultralarge-scale integrated on-chip optical switching, 

but also provides a way for the realization of ultrahigh 
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in some previous work. These important results were 

published in Phys. Rev. Lett. 114, 069301 (2015) and 

Phys. Rev. A 92, 023409 (2015).

Finally, because of important progress in recent 

years made by the team lead by Prof. Peng and Prof. 

Gong in strong field and attosecond physics, they 

were invited by the Editor of Physics Reports to 

contribute a review article. In the 71-page review, they 

summarized main results in different topics in this 

�¿�H�O�G���� �V�X�F�K�� �D�V�� �W�K�H�R�U�H�W�L�F�D�O���D�Q�G���F�R�P�S�X�W�D�W�L�R�Q�D�O���P�H�W�K�R�G�V����

attosecond light sources, the probe and control of the 

electronic motion and the electron-electron correlation, 

photoionization time-delay, and perspectives of 

attosecond physics, etc. This review was published at 

Physics Reports 575, 1 (2015).
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speed three-dimensional integrated photonic logic 

processing chips” . 

They also proposed a new method to realize giant 

metamaterial  induced transparency based on 

unidirectional coupling of surface plasmon radiation 

modes to non-radiation modes. Gold nanoprism dimer 

was used as the meta-molecule. The group refractive 

index was increased to 4000, which is enlarged by 

one order, through adjusting the spacing between 

two nano-prisms. Moreover, the threshold pump 

light intensity for the all-optical tunable transparency 

window was reduced to 1.5 kW/cm2, which means 

that the threshold pump light power was reduced by 

six orders. An ultrafast response time of 42.3 ps was 

maintained simultaneously. Therefore, an ultrafast all-

optical tunable metamaterial induced transparency 

with ultralow energy consumption was realized. This 

work was published in the journal of Light: Science & 

Applications�ÄLight: Science & Applications 4�Èe302

�Ä2015�Å�Å . This work was thematically evaluated by 

the journal of National Science Review using the title 

“ New development in integrated photonic devices”  

as: “ this work provides a platform for the study of 

nonlinear optics and quantum optics” .
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The discipline of nuclear science and technology at Peking University has been grown up from the Physical 

Laboratory which was founded in 1955 (Renamed to Department of Technical physics later). In past several 

decades, more than ten thousands talents have been cultivated including 15 academicians. It insists developing 

science and engineering simultaneously, developing interdisciplinary and serving to the national vital demand 

for a long time and has become an important unit for research and talent cultivation of nuclear science and 

technology in China. Institute of Heavy Ion Physics has established a high-level faculty team with reasonable 

�D�J�H���V�W�U�X�F�W�X�U�H�����7�K�H�U�H���D�U�H���������V�W�Du���P�H�P�E�H�U�V�����L�Q���Z�K�L�F�K���K�H�U�H���D�U�H�������D�F�D�G�H�P�L�F�L�D�Q���R�I���&�K�L�Q�H�V�H���$�F�D�G�H�P�\���R�I���6�F�L�H�Q�F�H�V��������

scholar of “ high level Experts overseas” , 6 outstanding young scientists of “ Hundred young talents plan of 

Peking University” , 12 professors and 27 doctoral supervisors. 
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energies increased by a factor of only 1.5. Moreover, the
shape of the carbon spectra deviates from monotonically
decaying, especially at around 70% of the maximum
energy. Similar observations have previously been asso-
ciated with RPA[11,12]. Further support for this inter-
pretation is that the energy per nucleon of carbon ions
increases more rapidly than the proton energy and even-
tually becomes comparable; i.e., the fastest ions travel with
similar velocities[3]. It is also noteworthy that the observed
maximum carbon energy� 20 MeV=u is, to the best of our
knowledge, the highest value for carbon ions demonstrated
from a Gemini-class laser system to date.

For the above discussion, it is important to note that
although carbon ions were observed when irradiating
freestanding CNF targets, their energy and number were
insignificant. In the detectable spectral range of
2� 50 MeV=u, no proton trace was observed, and only
carbon ions with lower maximum energy of about
3.5 MeV=u with � 103 lower yield were observed, sug-
gesting that the role of the CNF is, indeed, mainly to provide
a medium for modifying the laser pulse to the desired shape.
By contrast, linearly polarized (LP) laser pulses result in
invariably monotonically decaying spectra, both for protons
and carbon ions. One example is shown in Fig.3(b), where
the difference in the spectrum of C6� ions with different
polarizations is clearly visible. Again, the energies increased
with increasing CNF thickness. Here, proton energies were
enhanced more strongly from 12 to 29 MeV by a factor of
2.4, while C6� energies by a smaller factor of 1.7.

To validate our hypothesis further, we performed
detailed 3D PIC simulations. Because of the multiscale

nature of the problem, i.e., micrometer-long plasma with
low density and a nanometer-thin, high-density foil, we
needed to simplify the problem by dividing the simulation
into two steps. First, the propagation of the Gemini-laser
pulse through a NCD plasma with electron density of2nc
(resembling the CNF plasma) was simulated, and the
complete resulting electromagnetic field was extracted at
different depths within the NCD plasma. This field was
then fed into a second simulation with a single DLC foil. A
high-density plasma slab (60 nm,100nc, C� H � 9� 1 in
number density, initial temperature of 1 keV) was used to
represent a DLC foil with the reduced density allowing for
any initial decompression during the early stages of the
interaction and also reducing the computational require-
ments. In the second series, the simulation box was
subdivided into a grid of200× 200× 4000cells to resolve
the DLC thickness.

The limitation of this approach is that fast electrons
produced within the NCD plasma do not contribute to the
ion acceleration at the DLC foil. Consequently, we may
underestimate the sheath fields at the rear, which would
preferentially accelerate the protons via the TNSA mecha-
nism. However, the good agreement of our current simu-
lations with the data described below suggests that the
approximation inherent in our numerical approach only has
a minor impact.

In agreement with the experimental results, we observe a
significant increase of the maximum C6� ion energy with
increasing CNF thickness. The ratio of these energies to the
energy obtained for a plain DLC foil defines the enhance-
ment factor� and is plotted against CNF thickness in
Fig. 4(a). The general trend of both the experiment and
simulation results agrees very well and suggests that we
have not even explored the full capacity of the scheme in
the parameter range accessed in our experiment. Our
simulations predict a fourfold increase in energy obtainable

FIG. 2 (color online). On-axis intensity-envelope distribution
extracted from 3D PIC simulations at different times. The
circularly polarized ASTRA Gemini-laser pulse propagates
through a NCD plasma with electron densityne � 2nc (yellow
area). The pulse rise time shortens to� 4 fs. The peak intensity
multiplies by a factor of 10, mainly due to relativistic self-
focusing as shown in the 2D intensity map att � 125 fs (inset).
Placing a micron-scale layer of NCD in front of a DLC foil (inset)
allows the enhanced pulse to be exploited for laser ion
acceleration.

FIG. 3 (color). (a) Energy distributions of C6� ions (solid
curves) and protons (dashed curves) registered from DLC foils
combined with CNF targets of varying thicknesses irradiated by
circularly polarized laser pulses. (b) C6� ion spectrum under best
conditions for CP (red) and LP (blue).
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pretation is that the energy per nucleon of carbon ions
increases more rapidly than the proton energy and even-
tually becomes comparable; i.e., the fastest ions travel with
similar velocities[3]. It is also noteworthy that the observed
maximum carbon energy� 20 MeV=u is, to the best of our
knowledge, the highest value for carbon ions demonstrated
from a Gemini-class laser system to date.

For the above discussion, it is important to note that
although carbon ions were observed when irradiating
freestanding CNF targets, their energy and number were
insignificant. In the detectable spectral range of
2� 50 MeV=u, no proton trace was observed, and only
carbon ions with lower maximum energy of about
3.5 MeV=u with � 103 lower yield were observed, sug-
gesting that the role of the CNF is, indeed, mainly to provide
a medium for modifying the laser pulse to the desired shape.
By contrast, linearly polarized (LP) laser pulses result in
invariably monotonically decaying spectra, both for protons
and carbon ions. One example is shown in Fig.3(b), where
the difference in the spectrum of C6� ions with different
polarizations is clearly visible. Again, the energies increased
with increasing CNF thickness. Here, proton energies were
enhanced more strongly from 12 to 29 MeV by a factor of
2.4, while C6� energies by a smaller factor of 1.7.

To validate our hypothesis further, we performed
detailed 3D PIC simulations. Because of the multiscale

nature of the problem, i.e., micrometer-long plasma with
low density and a nanometer-thin, high-density foil, we
needed to simplify the problem by dividing the simulation
into two steps. First, the propagation of the Gemini-laser
pulse through a NCD plasma with electron density of2nc
(resembling the CNF plasma) was simulated, and the
complete resulting electromagnetic field was extracted at
different depths within the NCD plasma. This field was
then fed into a second simulation with a single DLC foil. A
high-density plasma slab (60 nm,100nc, C� H � 9� 1 in
number density, initial temperature of 1 keV) was used to
represent a DLC foil with the reduced density allowing for
any initial decompression during the early stages of the
interaction and also reducing the computational require-
ments. In the second series, the simulation box was
subdivided into a grid of200× 200× 4000cells to resolve
the DLC thickness.

The limitation of this approach is that fast electrons
produced within the NCD plasma do not contribute to the
ion acceleration at the DLC foil. Consequently, we may
underestimate the sheath fields at the rear, which would
preferentially accelerate the protons via the TNSA mecha-
nism. However, the good agreement of our current simu-
lations with the data described below suggests that the
approximation inherent in our numerical approach only has
a minor impact.

In agreement with the experimental results, we observe a
significant increase of the maximum C6� ion energy with
increasing CNF thickness. The ratio of these energies to the
energy obtained for a plain DLC foil defines the enhance-
ment factor� and is plotted against CNF thickness in
Fig. 4(a). The general trend of both the experiment and
simulation results agrees very well and suggests that we
have not even explored the full capacity of the scheme in
the parameter range accessed in our experiment. Our
simulations predict a fourfold increase in energy obtainable

FIG. 2 (color online). On-axis intensity-envelope distribution
extracted from 3D PIC simulations at different times. The
circularly polarized ASTRA Gemini-laser pulse propagates
through a NCD plasma with electron densityne � 2nc (yellow
area). The pulse rise time shortens to� 4 fs. The peak intensity
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dense high-energy ion bunches for the applications in 

hadron therapy and high-energy-density physics. The 

current focus of laser ion acceleration is to generate 

high-energy and high-quality ion beam with limited 

laser energy supported by state-of-art laser technology.

Prof. Yan firstly propose that a “ plasma lens” , 

made of ultrathin near-critical-density plasma slab, 

can lead to a higher laser intensity at focus spot and 

meanwhile steepen the pulse (PRL 107, 265002, 

(2011)). When the laser pulse passing through the 

plasma lens interacts with an ultrathin foil, the energy 

of generated ions can be greatly enhanced (PHYSICS 

OF PLASMAS 20, 013101 ,( 2013)). Dr. Ma, a young 

assistant professor in PKU, succeeded to produce such 

plasma lens for the first time by employing carbon 

nanotube foam (CNF). The density of such foam lies 

in the range of 1%-5% solid density, e.g., in the critical 

density region. The experiments by using such foam 

�F�R�Q�¿�U�P�H�G���W�K�H���V�H�O�I���I�R�F�X�V�L�Q�J�� �D�Q�G���V�H�O�I���V�W�H�H�S�H�Q�L�Q�J�� �Hu�H�F�W��

of plasma lens. Energetic carbon ions with energy of 

20MeV/u were generated by irradiating CNF-DLC 

double-layer targets with circular polarized pulses. The 

carbon and proton energy was boosted by a factor of 3 

and 1.5 respectively.

T h i s  w o r k  o f  “ I o n  A c c e l e r a t i o n  U s i n g 

Relativistic Pulse Shaping in Near-Critical-Density 

Plasmas” [PRL 115, 064801, (2015)] was published 

on Physical Review Letters as Editor Suggestion and 

aroused great interests. A news titled as “ Bringing 

Ions up to Speed”  was reported by APS. Science 

Daily, MedicalPhysicsWeb also reported this work. 

This work was supported by the guiding projects for 

key scientific problems (973A), national key lab for 

nuclear physics and technology. The team of Prof. 

Joerg Schreiber and Rutherford Appleton Laboratory 

are the collaborators.

�>��	��À DC-SRF ��Ç��ï��
8�[�Û�Ø�Õ THz �–���… UED �ú	ï

���Õ�Ò�ž �ÄSRF�Å��Ç�
W�Â�4�Û�Ý
)�A=
ö

�Ä�p �ÄCW�Å�É�1�• �È���T	>�	�¶� 	F�M���j��
8

�[�N�2�ú	ï �Ä�¯���Õ�Ò�ž�Ñ�2�¯�É�1	��<
\�6�G�2

�÷�ú�@�¦ DC-SRF�<�}	���Ç� �È �ï���º	´
&��

�<�}	��Ñ�Ò�ž9�¦	Z¹� �Ú�6 �È�Y�M�D�Ø�è���•��

�œ�È ��|���É�1�•�@�	���º 3 MeV�È �Ý
)�A=��

�º 1 mA�È�j
��¶�Û�Ø�°�Õ�r �Ã�¯�@���� �Ã ���ž��

�ª�,�Å �È�¶�#�=�X�¦�Œ�©.	à �Ä

���� DC-SRF �<�}	���Ç��•�A�ï
ð�Ñ	Ê�œ�(

Ç�ú	ï�¦	��%�	 �È	³�‡�Ï���ã�ë�…�@�	�«�Å �È
\�6

�G�"	:�r	z��	È�¯�C�ü�F�Ü�ú�¦�I�p�–� �Ã�C�ò�…

�M�6�j	å �Ã �C�G�2�Æ�º	��M‚�ï�G�ï�¦	Æ�Y THz

�–���ø [X. Wen et al., NIMA 820, 75~79 (2016)]�Ä�M

���Ð�Z�W�«�Å DC-SRF��Ç��¦	G�Ï�N�Ë�…�É�1�•

�/�|�î	r�–�• �È	��¥���¢�ž���>�Ý
)���r�L�w�º 4.4 

mW�Ã �Ð�•�Õ�r�� 0.24-0.42 THz �T�·�>
W�Ù �Ã �|


{���º 15%�¦ THz �Ò�–�� �ÄÃ�n 1 �ï�V �Å�Ä    


ç�© DC-SRF��Ç��5���¦�Û�×�Ê�É�1�• �È
\

�6�G�Ï
8�[���T	>�	�o�R�y�•�& �ÄMHz�Å�Ø�°�Õ�r �Ã

MeV �@�	�¦�Ò
z�É�1���� �ÄUED�Å �M�� [L. Feng 

et al., Appl. Phys. Lett. 107, 224101 (2015)]�ÈÃ�n 1

�ï�V �Ä�„�C�ñ
Ù���¤�M���[�V�� DC-SRF��Ç��Â

�4�¦�Û�Ø�°�Õ�r�É�1�•�� UED �Œ�©�[�ì�¦�«�^ �Ä

�´�2=�Ù�¦�_ �È�Û�Ø�Õ�º�R
•�#�e�5�����ø�w�¦
f

�Æ�|
{ �È �z�O MHz MeV UED ���Ã�Â�4�¦�É�1�•


��¶	��Û�¦�I	X�…�@�	�Ø�è�  �È�„���À	} UED �t

�P�r�x	Ê�Á�•�F�g�ñ	��ø
z�_�Á�2�Ø�2�¦ �Ä

�n 1 	��À DC-SRF��Ç��Â�4�¦�Û�Ø�Õ�É�1�•�A �È
8�[ THz �p�–��Ò�–���… UED �M���ú	ï �Ä�Q�n �Ö��
�ƒ�^�É�1�•�@�	�0�ª�¥�¦�p�–��Ò�–���Õ�÷ �È�É�1�•�Ø�°�Õ�r 27 MHz�Ä�¸�n �Ö(a) �‡	×	Â�u�¦�É�1����
�n�# �× (b) � 	×�i�u�¦�É�1�����n�# �Ä�É�1�•�Ø�°�Õ�r 812.5 kHz�È�����n�#�‘�#�I	X 200 ms�Ä

Fig. 1. THz superadiant radiation and UED experiments with the high-repetition-rate electron beam from the 
�'�&���6�5�)���S�K�R�W�R�L�Q�M�H�F�W�R�U�����/�H�I�W�����P�H�D�V�X�U�H�G���7�+�]���V�X�S�H�U�D�G�L�D�Q�W���X�Q�G�X�O�D�W�R�U���U�D�G�L�D�W�L�R�Q���V�S�H�F�W�U�D���Z�L�W�K���G�Lu�H�U�H�Q�W���H�O�H�F�W�U�R�Q���E�H�D�P��
�H�Q�H�U�J�L�H�V�����5�L�J�K�W�����P�H�D�V�X�U�H�G���H�O�H�F�W�U�R�Q���G�Lu�U�D�F�W�L�R�Q���S�D�W�W�H�U�Q�V���I�U�R�P���D���V�L�Q�J�O�H���F�U�\�V�W�D�O�O�L�Q�H���$�X���I�R�L�O�����D�����D�Q�G���D���S�R�O�\�F�U�\�V�W�D�O�O�L�Q�H��
Al foil (b) taken at 812.5 kHz repetition rate with an integration time of 200 ms.

�,�,�����+�L�J�K���U�H�S�H�W�L�W�L�R�Q���U�D�W�H���7�+�]���U�D�G�L�D�W�L�R�Q���D�Q�G���8�(�'���V�W�X�G�\���E�D�V�H�G���R�Q���W�K�H���'�&���6�5�)���S�K�R�W�R�L�Q�M�H�F�W�R�U��

Superconducting radio-frequency (SRF) photoinjector 

has the potential to deliver high average current, 

continuous-wave (CW) electron beam and has been 

developed in several laboratories worldwide. At Peking 

University, SRF’ s group proposed and developed the 

DC-SRF photoinjector, which successfully avoids the 

contamination of semiconductor photocathode material 

in the SRF cavity. Now it can produce stable electron 

beam with the average current of ~1 mA and normalized 

emittance ~1.5 mm-mrad. It is widely believed that 

this kind of injector is one of the most hopeful SRF 

photoinjector to provide electron beam with high average 

current, low emittance, and short pulse duration. 

Based upon a detailed study of the beam dynamics for the 

DC-SRF photoinjector, and in combination with velocity 

bunching and electron energy optimization, SRF’ s 

group designed and built a very compact THz radiation 

source, comprising only a 10-period permanent-magnet 

undulator, a solenoid, and a set of self-made quadrupole 

coils [X. Wen et al., NIMA 820, 75~79 (2016)]. Through 

optimizing the SRF cavity phase and the parameters 

for the electron beam optics, SRF’ s group obtained in 

experiments THz superradiant radiation with a maximum 

average power of 4.4 mW (in the macro pulse), the 

central frequency tunable from 0.24 THz to 0.42 THz, 

and a bandwidth ~15% (as shown in Fig. 1).

Using the high-quality electron pulses from the DC-SRF 

photoinjector, SRF’ s group have also experimentally 

�G�H�P�R�Q�V�W�U�D�W�H�G���0�H�9���H�O�H�F�W�U�R�Q���G�Lu�U�D�F�W�L�R�Q���D�W���0�+�]���U�H�S�H�W�L�W�L�R�Q��

rate for the first time, as shown in Fig. 1 [L. Feng et 

al., Appl. Phys. Lett. 107, 224101 (2015)]. This proof-

of-principle experiment shows the potential of high 

repetition rate pulses from the DC-SRF photoinjector for 

�D�S�S�O�L�F�D�W�L�R�Q�V���L�Q���X�O�W�U�D�I�D�V�W���H�O�H�F�W�U�R�Q���G�Lu�U�D�F�W�L�R�Q�����8�(�'�������,�W���L�V��

worth pointing out that the high repetition rate provides 

a large control bandwidth for the feedback system, and 

therefore, the MHz MeV UED facility allows to produce 

an electron beam with very high timing and energy 

stability, crucial for pushing the temporal resolution to 

the tens of femtoseconds regime. 
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�,�,�,�����3�.�8���K�L�J�K���L�Q�W�H�Q�V�L�W�\���'�&���S�U�R�W�R�Q���V�R�X�U�F�H���F�U�H�D�W�H�V���D���Q�H�Z���U�H�F�R�U�G���I�R�U���O�R�Q�J���W�H�U�P���V�W�D�E�L�O�L�W�\��
���������������D�Q�G���U�H�O�L�D�E�L�O�L�W�\

Ion source is the very front section that delivers 

ion beam for a facility, such as an accelerator. The 

beam generation ability, stability and reliability of 

an ion source and its beam availability are extremely 

�V�L�J�Q�L�¿�F�D�Q�W�� �I�R�U�� �W�K�H�� �H�Q�W�L�U�H�� �H�T�X�L�S�P�H�Q�W���� �7�K�H�V�H�� �L�V�V�X�H�V��

are even more important especially for those DC ion 

beam devices that require long-term stable operation. 

Therefore, the 973 Program (No. 2014CB845500), 

which focuses on cutting-edge research, proposes the 

goal of developing a high-quality, high-current DC 

2.45 GHz ECR proton source. The ion source not only 

has the ability of generating a 100 mA proton beam, 

but also achieves a stable operation of 50 mA @ 50 

keV DC proton beam for 300 hours, and the number 

of transient interruptions during stable operation is 

less than 5 times. The ion source team led by Peking 

University's Peng Shixiang took on this research task.

Only CEA/Saclay, France and LANL, USA launched 

this kind of research in the World. The 2.45GHZ ECR 

ion source developed by CEA/Saclay group that named 

as SILHI has the ability to deliver 140 mA proton 

beam and the longest non-interrupted CW running 

period is 113 hours operation at 95keV with 75mA 

H+ in late 1999 �ÄEPAC 2002, 1712-1714(2002). 

To qualify the ECR ion source for LEDA project at 

Los Alamos, a 170-hour continuous run of their 2.45 

GHz ECR source with 60–65 mA H+ beam at 47 keV 

was performed in 1996. Ion beam downtime caused 

by sparks in the high voltage column of extraction 

�V�\�V�W�H�P���D�Q�G���R�Q�H���J�D�V���À�R�Z���F�R�Q�W�U�R�O���S�U�R�E�O�H�P���D�S�S�H�D�U�H�G���D�Q�G��

�W�K�H�� �O�R�Q�J�H�V�W�� �X�Q�L�Q�W�H�U�U�X�S�W�H�G�� �U�X�Q�� �W�L�P�H�� �Z�D�V�� �¿�Y�H�� �K�R�X�U�V�� ���-����

Sherman, IEEE 1996, 867-870). Therefore, developing 

a 2.45GHz ECR ion source that has the ability to 

produce a stability 50mA@50keV CW proton beam 

within 300 hours continuous operation with limited 

�E�H�D�P���Ru�V���L�V���D���E�L�J���F�K�D�O�O�H�Q�J�H����

To meet the requirement, attentions were paid on 

eliminating the uncertainties that may caused beam 

trips or sparks. A DC proton beam of 50–55 mA 

with energy of 35 keV has been run for 306 hours 

continuously at the beginning of 2015. Total beam 



�#�ï�Ð�•�ú	ï���Å�! �#�ï�Ð�•�ú	ï���Å�!Highlights Highlights 

�ª
×�1�9�ÿ
Ù�Ñ
��N�ú	ï�ï
Institute of Plasma Physics and Fusion Studies05

�ª
×�1�9�ÿ
Ù�Ñ
��N�ú	ï�ï�À 2008�N 12 �� 26 ±�Ÿ�U�ï
ì �È �§�l�Ò	ž�rª�ï�Ê �Ä�#.�ª
×�1�9�ÿ


Ù�Ñ
��N�ú	ï�ï���¶ 6 § �È���d�Ð
T�þ�þ�W �Ä�¡�Ø �Å1 § �È�� ���w�å§ ” 3 § �Ä�#.�����q�W�4 28 �� �Ã

�¬�W�4 4 �� �Ä

�ª
×�1�ÿ
Ù�Ñ
��N�ú	ï�ï�ï
ì�\
  �È �÷�2���I���•�ª
×�1�9 �Ã 
c	X�ª
×�1�9�[�`
8�[
Ù�ƒ�t�� �Ã

�w�@���•�µ���F �È �\	$�M���•
�t���ª�ú	ï �Ä �L	Î�Ï��
��N�‘���[�F�[�ì
8�[�þ�U �Ä �N�2�ú	ï�ï�U

�� Nature Physics�ÃPhysics Review Letters�ÃNuclear Fusion�ÃPhysics of Plasmas�ÃJournal of Geophysics 

Research�ª�T	>�÷�2�Ñ�•
=�ÿ�	�@�W�ƒ�Ô 40 �Æ�Ê�Ä�â�ï�6�«�ö�…�…�–�Ñ
T	0�‡�T	F�I���•
��@���\ �Ã


\�6 �Ã�T	F�2—
T�Ñ	�	Â�¿�Ø�Å�\�#�…�ì�	�\�# �Ã	ž�ã�‡�q�W�Å	�	Â�ª	Î 20 �\ �Ä2015�N��	Ù�w�Ñ�5��

�¦�‚
6�•
Y	��`�I�Ç�‘���Ž�[�F ——“ 	��<
×�1�•�F	����• ” �\�#	��¥�T�>�^�œ�¦�w
ð�§�ü �È�w���ï�õ �Ã

�ÿ
Ù�Ñ�þ�Ø
×�1�ï� �å�ú	ï�õ	��¥�T	F�I���•
��N�@�@�[�ú	ï���\�¦§�•�\�#�(�ú �È�j�…ª 2015�N��

�T	F�I���•
��N�@�@�[�ú	ï���\§�•�\�# " �I���•
��N�ÿ
Ù.��	��%�Ú�6�ú	ï ” �\�#�o��
T�Ñ	F �Ä 

�ª
×�1�ÿ
Ù�Ñ
��N�ú	ï�ï�Ñ�N�2���w�ú	ï�‡�Ë �Ä��	Ù�w�Ñ
��N���F�Ð�• �Ã�Œ�©�ÿ
Ù�Ð�• �Ã
T�¼
Ù�@

�Ô�Ñ�@�9�ÿ
Ù�ú	ï�ï �Ã�º
c�Ñ�þ�ª �Å�Ã 	$�T�>�”
��N�Ñ�ª
×�1�ÿ
Ù�ú	ï§�õ	z
ì�Ê�ú�¶�s�¦�‡�U�2�# �È

	Î�N
 �ª
×�1�ÿ
Ù�Ñ
��N�ú	ï�ï���ú	ï�4�¢�"�[�ì�ï	��Ç— �È���T�>�”�Y�¶���…�–�Z �Ä� �¾�¢	ž�r�¸�ž

�¦��	s�^�Ñ 2015�N���¼ 24 	¾�T	>�ª
×�1�9�•�µ���F�÷�q�T�w�÷�%i��L2015�àç!+€kÆ2015	Î�N



�#�ï�Ð�•�ú	ï���Å�! �#�ï�Ð�•�ú	ï���Å�!Highlights Highlights 

�,�����7�K�H���/�D�V�H�U���D�F�F�H�O�H�U�D�W�H�G���,�R�Q���E�H�D�P���7�U�D�F�H���3�U�R�E�H�����/�,�7�3�������D���1�H�Z���'�L�D�J�Q�R�V�W�L�F�V���P�H�W�K�R�G���R�I�����'��
�S�U�R�¿�O�H�V���R�I���W�K�H���S�R�O�R�L�G�D�O���P�D�J�Q�H�W�L�F���D�Q�G���U�D�G�L�D�O���H�O�H�F�W�U�L�F���¿�H�O�G���L�Q���W�R�N�R�P�D�N�V

�3�R�O�R�L�G�D�O�� �P�D�J�Q�H�W�L�F�� �¿�H�O�G�� �L�V�� �R�Q�H�� �R�I�� �W�K�H�� �E�D�V�L�F�� �S�D�U�D�P�H�W�H�U��

�L�Q���W�K�H���P�D�J�Q�H�W�L�F���F�R�Q�¿�Q�H�G���I�X�V�L�R�Q�����0�&�)���� �V�W�X�G�L�H�V���� �%�D�V�L�F��

equilibrium profiles in plasma are determined by 

the poloidal magnetic profile. Plasma potential or 

�H�O�H�F�W�U�L�F�� �¿�O�H�G�� �L�V�� �D�Q�R�W�K�H�U�� �L�P�S�R�U�W�D�Q�W���S�D�U�D�P�H�W�H�U�� �L�Q�� �0�&�)����

Electric field determines perpendicular motion of 

guiding centers, including zonal flow, streamer, and 

drift waves. The radial electric field in the pedestal 

region is one of the key point of the L-H transition. 

And plasma potential plays an important role in the 

�W�X�U�E�X�O�H�Q�W���S�O�D�V�P�D���W�U�D�Q�V�S�R�U�W�����6�R���H�O�H�F�W�U�L�F���¿�H�O�G���G�L�D�J�Q�R�V�W�L�F��

can contribute to plasma turbulence and transport 

importantly.

Some diagnose methods of poloidal magnetic file 

and radial electric field, such as the motional stark 

effect (MSE) and the polarimeter, are the popular 

poloidal magnetic field diagnose method, and the 

cross-polarization scattering is a method for magnetic 

field perturbation diagnostic. The Heavy Ion Beam 

Probe (HIBP) is a directly diagnose method of the 

plasma potential field. While all of the diagnostic 

method mentioned has a limited temporal and spatial 

�U�H�Y�R�O�X�W�L�R�Q�� �D�Q�G�� �D�U�H�� �G�Lv�F�X�O�W���I�R�U�� �D�� ���'�� �G�L�D�J�Q�R�V�H���� �Z�K�L�F�K��

prevent the development of physics understanding 

�D�Q�G���H�Q�J�L�Q�H�H�U���W�H�F�K�Q�R�O�R�J�\���� �6�R�� �D�� ���'�� �P�D�J�Q�H�W�L�F�� �¿�H�O�G���D�Q�G��

�H�O�H�F�W�U�L�F���¿�H�O�G���G�L�D�J�Q�R�V�W�L�F���Z�L�W�K���K�L�J�K���W�H�P�S�R�U�D�O���D�Q�G���V�S�D�W�L�D�O��

resolution are in need.

Recently, the plasma research group in Peking 

University and their collaborators propose a new 

method, named as the Laser-driven Ion-beam Trace 

Probe (LITP), to diagnose both the poloidal magnetic 

field and radial electric field. By taking use of four 

characters of the laser-driven ion beam: large energy 

spread, large pinch angle distribution, extremely 

short pulse and multiple charge state, the LITP can 

diagnose a 2D profile of both poloidal magnetic 

field and radial electric field. In the LITP method, 

ion beams are generated in the vacuum chamber 

and then injected into plasma. The ion traces are 

�L�Q�À�X�H�Q�F�H�G���E�\���W�K�H���W�K�H���P�D�J�Q�H�W�L�F���¿�H�O�G���D�Q�G���H�O�H�F�W�U�L�F���¿�H�O�G����

So the poloidal magnetic field can cause a toroidal 

displacement, yet the radial electric field can cause 

a poloidal displacement. By measuring the ion’ s 

trace displacements, the poloidal magnetic field and 

�U�D�G�L�D�O���H�O�H�F�W�U�L�F���¿�H�O�G���S�U�R�¿�O�H�V���F�D�Q���E�H���U�H�F�R�Q�V�W�U�X�F�W�H�G���X�V�L�Q�J��

tomography method. 

�:�H���K�D�Y�H���¿�Q�L�V�K�H�G���W�K�H���F�D�O�F�X�O�D�W�L�R�Q�V���R�I���W�K�H���E�D�V�L�F���S�U�L�Q�F�L�S�O�H��

of LITP, some preliminary simulation results, and 

experimental preparation to test the basic principle 

of LITP. (Rev. Sci. Instru., 2014, 85(11): 11E429., 

11D860., Rev. Sci. Instru., 2016, 87(11): 11D608)
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There are 28 faculty members in the department, including 8 full professors(including 3 National Outstanding 

Young Scientists), 1 professorship engineer, 7 associate professors, 2 tenured Associate Professors (including 

1 National Outstanding Junior Young Scientist), 3 tenure-track Assistant Professors (including 2 “ National 

Young QianRen Project” ���U�H�V�H�D�U�F�K���S�U�R�I�H�V�V�R�U�����������V�H�Q�L�R�U���H�Q�J�L�Q�H�H�U���������O�H�F�W�X�U�H�U���D�Q�G�������H�Q�J�L�Q�H�H�U�V�����7�K�H���U�H�V�H�D�U�F�K���¿�H�O�G�V��

cover experimental nuclear reaction and structure, theoretical nuclear structure, experimental high-energy 

physics, theoretical intermediate and high-energy physics, applied nuclear physics, radiation protection, detector 

technique and nuclear electronics. The department is an important part of the State Key Laboratory of Nuclear 

Physics and Technology. The department has a subatomic particle detection laboratory, an education laboratory 

for nuclear physics, and a PKU-Lanzhou joint center for nuclear physics. The department also has nuclear 

technology application laboratory, which is equipped with critical facilities such as arch melting system, 2× 1.7 

MV tandem accelerator, transmission electron microscope, X-ray diffractometer for the study of structural 

materials and ion beam materials. It is the only department in the universities of China, which is supported by the 

national project for fostering talents of nuclear science and by the national project of defense in nuclear physics. 

The researches are supported by 973-project and several key projects from national natural science foundation 

(NSFC). The department has established many international and national collaborations, including the China-U.

S. Theory Institute for Physics with Exotic Nuclei (CUSTIPEN), high-energy physics collaboration with LHC-

CMS in Europe and BEPC-BES in Beijing, nuclear physics collaboration with RIKEN-RIBF in Japan, HIRFL 

in Lanzhou and CIAE in Beijing. In terms of talent training, an undergraduate education program named the 

Nishina School has been established with RIKEN in Japan since 2008, and a PKU-FRIB postdoctoral program 

supported by CSC was established with MSU since 2016.
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The Department of Astronomy (DoA) was founded in 2000, based on the Astronomy Division in the Department 

of Geophysics established in 1960. It became a family member of the School of Physics when the latter was 

created in 2001. PKU Astronomy was given the status of National Key Discipline by Ministry of Education 

in 2001. DoA has 9 full-time faculty members consisting of 5 professors and 4 associate professors. Among 

them, there are 1  Cheung Kong Scholar chair professor and 3 NSFC “ Distinguished Youth Award”  winners. 

DoA has 19 joint faculty members including 2 academicians.  Moreover, DoA has 9 post-doctors, 62 post-

graduate students, 118 undergraduates and 1 secretary.  The main research fields include Cosmology and 

Galaxy Formation, High Energy Astrophysics, Interstellar Medium, Stellar and Planet System, and Astroparticle 

Physics, involving astronomical phenomena and astrophysical processes at all scales and various astrophysical 

environments.
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Figure 1: Comparisons of the spectra of the new 
quasar, J0100+2802, taken with the 2.4 m Lijiang 
telescope at Yunnan Observatory, the MMT, and the 
LBT, with the spectrum of the most luminous high-
redshift quasar previously known, J1148+5251 (the 
spectra of the 2.4m and the MMT have been shifted 
up by 2 units and 1 unit, respectively).

�n 2: �Ž�@�D
Ì�“�9  J0100+2802 �Ñ��ò�Y�ª�¤�N
5.7 �\�	
Ì�“�9�¦�’�ô�Ê�	�…�<���¦�2	¡ �Ä��	à�º

â	• 2.4 �Ý��ú	å�ö�å�…�@
c �Å.

Figure 2: Comparison of the black hole mass and 
luminosity of the new quasar, J0100+2802, with 
those of other, previously known z > 5.7 quasars (the 
background photo is the 2.4 m Lijiang telescope dome 
and the sky at that location).

�,�����'�L�V�F�R�Y�H�U�L�Q�J���W�K�H���P�R�V�W���O�X�P�L�Q�R�X�V���R�E�M�H�F�W���Z�L�W�K���W�K�H���P�R�V�W���P�D�V�V�L�Y�H���E�O�D�F�N���K�R�O�H���L�Q���W�K�H���H�D�U�O�\��
���������8�Q�L�Y�H�U�V�H

Based on initial observations with a domestic telescope 

and follow-up observations using several telescopes 

outside China, an international team led by Prof. Xue-

Bing WU from Peking University announced the 

discovery of an ultra-luminous object containing the 

most massive black hole in the early Universe. It is 

located at a distance of 12.8 billion light-years from 

the Earth, and has a power that is 430 trillion times 

greater than the power of the Sun. 

In the center of this object, there is a giant black hole 

with a mass of 12 billion solar masses. The paper 

was published in Nature on 26 February 2015 and 

was highlighted as one of the four papers on the 

issue’ s cover. Nature issued a press release entitled 

“ Young black hole had monstrous growth spurt”  

on 25 February 2015 and invited a German scientist 

to write a News and Views article, “ Young black 

hole had monstrous growth spurt”  in the same issue 

to introduce the discovery. Hundreds of news media, 

including CNN, Time, the Washington Post, the LA 

Times, National Geographic, Discovery Channel, 

�D�Q�G���6�F�L�H�Q�W�L�¿�F���$�P�H�U�L�F�D�Q���L�Q�� �W�K�H�� �8�6�$���� �5�H�X�W�H�U�V�� �D�Q�G���W�K�H��
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Guardian in the UK, Der Spiegel and Bild in Germany, 

as well as CCTV, Xinhua Net, the People’ s Daily, 

Guangming Daily, China Daily, and China Science 

Daily, all reported this discovery as important news.

This object belongs to a class of quasars, which 

look very similar to the stars in our Milky Way in 

optical morphology, but are actually very distant and 

luminous objects. Their huge power comes from the 

released gravitational energy of the matter surrounding 

the massive black holes in the centers of quasars. In 

recent years, a team led by Prof. Wu has developed 

a new method to select candidates of quasars with 

redshifts greater than 5 based on optical and infrared 

photometric data and discovered many high-redshift 

quasars using spectroscopic observations with several 

telescopes. Among them, SDSS J0100+2802, is the 

quasar with the highest redshift in their program. 

The first spectrum of it was taken on 29 December 

2013 with the 2.4m Lijiang telescope of Yunnan 

Observatory, Chinese Academy of Sciences, and it 

was identified as a quasar at a redshift higher than 

6.2. Follow-up observations done with the MMT, the 

Large Binocular Telescope (LBT), and the Gemini and 

�0�D�J�H�O�O�D�Q���W�H�O�H�V�F�R�S�H�V�����R�X�W�V�L�G�H���&�K�L�Q�D���� �F�R�Q�¿�U�P�H�G���W�K�D�W���L�W��

is a quasar at a redshift of 6.30. Using spectroscopic 

data, the team estimated that the luminosity of this 

new quasar is 430 trillion times greater than the solar 

luminosity and seven times higher than the luminosity 

of the most distant quasar (at a distance of 13 billion 

light-years from the Earth). The central black hole 

mass was estimated at 12 billion solar masses, making 

it the most luminous quasar with the most massive 

black hole in the early Universe. The discovery of 

this ultra-luminous object provides us with a unique 

chance to study the structure of the early Universe. 

The existence of such a black hole with a mass of 12 

billion solar masses at redshift 6.3 presents challenges 

to theories of black hole formation and growth and the 

evolution of galaxies in the early Universe.

This work was supported by NSFC key and general 

grants, the pilot-B program of the Chinese Academy 

of Sciences, and the 973 program of the Ministry of 

Science and Technology in China.
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Liu, Xiangkun; Li, Baojiu; Zhao, Gong-Bo; Chiu, 

Mu-Chen; Fang, Wei; Pan, Chuzhong; Wang, Qiao; 

Du, Wei; Yuan, Shuo; Fu, Liping; Fan, Zuhui, Physical 

Review Letters, (2016), 117, 051101

 Constraining f(R) Gravity Theory Using 

CFHTLenSWeak Lensing Peak Statistics
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http://www.sciencemag.org/news/2016/07/

attempt-explain-away-dark-energy-takes-hit
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�,�,�����&�R�Q�V�W�U�D�L�Q�L�Q�J���P�R�G�L�¿�H�G���J�U�D�Y�L�W�\���I�U�R�P���Z�H�D�N���O�H�Q�V�L�Q�J���S�H�D�N���V�W�D�W�L�V�W�L�F�V

The observed cosmic acceleration has posed a great 

challenge to our understanding about the Universe. It 

requires either introducing a dark energy component, 

which possesses an equivalent negative pressure, into 

the matter content of the Universe, or modifying the 

general relativity theory of gravity on cosmological 

scales. Either one can have profound impact physically 

and cosmologically.

Among different theories of modified gravity 

attempting to explain the accelerating expansion of the 

Universe, f(R) theory is a representative one. Unlike 

in general relativity where the space-time bends to 

minimize its curvature R, in f(R), an extra function 

of R is introduced and the minimization is done for 

R+f(R). With the suitable choice of f(R), this theory 

might explain the cosmic acceleration while still 

passing the solar system tests on the law of gravity 

�R�Z�L�Q�J���W�R���W�K�H���F�K�D�P�H�O�H�R�Q���Hu�H�F�W�����+�R�Z�H�Y�H�U�����W�K�H���V�W�U�X�F�W�X�U�H��

formation on cosmological scales can be affected 

significantly. Therefore observations of large-scale 

structures are critical in scrutinizing the underlying 

mechanism driving the global cosmic acceleration, and 

thus deepening our view of fundamental physics and 

cosmology.

Arising from the light deflection by large-scale 

structures in the Universe, as illustrated in the upper 
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from CFHTLenS; Upper right: peak counts distribution from CFHTlenS; Lower right: the derived constraints on 
log|fR0|

left panel of Fig.1, the weak lensing (WL) effect 

has been recognized as one of the key cosmological 

probes. With CFHTLenS WL observations (http://

www.cfhtlens.org), a team, led by Prof. Zuhui Fan of 

Peking University and consisting of members from 

Peking University, Durham University (UK), National 

Astronomical Observatories, Chinese Academy of 

Sciences, and Shanghai Normal University, carried 

out detailed WL peak analyses and obtained stringent 

constraints on the Hu-Sawicki f(R) gravity theory. 

High peaks in WL maps are closely related to massive 

halos along lines of sight. The lower left panel of Fig.1 

shows an example of the WL convergence map we 

obtained from CFHTLenS data. Peaks are seen very 

clearly there, and they have good correspondences 

with known clusters shown in black circles. Their 

abundance is therefore sensitive to halo formation 

and evolution, which in turn is sensitive to the law 

of gravity. Comparing to cosmological studies using 

optical, X-ray or Sunyaev-Zeldovich clusters, which 

rely heavily on baryonic observable–mass relations, 

�:�/���S�H�D�N���V�W�D�W�L�V�W�L�F�V���D�U�H���P�X�F�K���O�H�V�V���Du�H�F�W�H�G���E�\���E�D�U�\�R�Q�L�F��

physics, the major systemic effect concerned in 

normal cluster studies. On the other hand, WL peak 

studies have their own systematics. How to predict 

accurately the cosmological dependence of WL peak 

abundance is a challenging task. Considering carefully 

�W�K�H���Q�R�L�V�H���Hu�H�F�W���D�U�L�V�L�Q�J���I�U�R�P���L�Q�W�U�L�Q�V�L�F���V�K�D�S�H�V���R�I���V�R�X�U�F�H��

galaxies, we have developed an analyzing pipe line 

for cosmological studies using WL high peaks, from 

theoretical modeling, mock simulation calibrations, to 

a fast computing platform. 

By applying it using CFHTLenS with priors from 

WMAP and Planck CMB observations, the team 

has derived tight constraints on the Hu-Sawicki 

f(R) theory, for the first time, from WL high peak 

abundance. In the right panels of Fig.1, we show the 

peak counts from CFHTlenS in the upper, and the 

constraints on the log|fR0| parameter in the lower. 

We obtain a tight constraint with log|fR0|<5.16 (2�³  

and Planck prior). No derivations from the general 

relativity theory are detected. 

Our study demonstrates clearly the promising potential 

of WL peak analyses. With on-going and future large 

observations with much improved data quantity and 

quality, we expect WL peak analyses will result in 

much better cosmological constraints. Low statistical 

errors in future observations ask for tighter systematic 

controls in cosmological observables. We have 
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The Department of Atmospheric and Oceanic Sciences (AOS) at Peking University originated from a 

meteorological program established in 1929, and has a long and prestigious history of academic excellence. 

Over the past 90 years, many prominent scholars have taught or studied at AOS.  Immersed in an environment 

of academic freedom, rigor and innovation, AOS scholars have made extraordinary contributions to education, 

fundamental research, and applications of atmospheric and oceanic sciences to the betterment of society.

AOS has the only first-tier focal discipline in atmospheric sciences in China. It has two second-tier focal 

disciplines (meteorology, atmospheric physics and atmospheric environment), and two more second-tier 

�G�L�V�F�L�S�O�L�Q�H�V�����F�O�L�P�D�W�R�O�R�J�\���D�Q�G���S�K�\�V�L�F�D�O���R�F�H�D�Q�R�J�U�D�S�K�\���������,�Q���������������$�2�6���Z�D�V���V�H�O�H�F�W�H�G���L�Q���W�K�H���¿�U�V�W���J�U�R�X�S���R�I��“ National 

�1�D�W�X�U�D�O���6�F�L�H�Q�F�H���%�D�V�L�F���6�F�L�H�Q�W�L�¿�F���5�H�V�H�D�U�F�K���D�Q�G���7�H�D�F�K�L�Q�J���7�U�D�L�Q�L�Q�J���%�D�V�H��— Atmospheric Science Base” . In 2008, 

AOS established jointly with other Earth Science disciplines at PKU the national-level “ Earth Science Teaching 

and Experiment Center — Atmospheric Science Laboratory” . In 2010, AOS added the Physical Oceanography 

program, and established the “ Laboratory for Climate and Ocean-Atmosphere Studies” .

AOS employs a total of 28 full-time faculty members, including 3 National Outstanding Early-Career Scientists, 

2 National Outstanding Early-Career Scientist, 1 Qing Nian Ba Jian Scholar, and 5 Early-Career Thousand-

�7�D�O�H�Q�W���6�F�K�R�O�D�U�V�����5�H�V�H�D�U�F�K���¿�H�O�G�V���Z�L�W�K�L�Q���$�2�6���F�R�Y�H�U���P�H�W�H�R�U�R�O�R�J�\�����F�O�L�P�D�W�R�O�R�J�\�����D�W�P�R�V�S�K�H�U�L�F���S�K�\�V�L�F�V�����D�W�P�R�V�S�K�H�U�L�F��
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Figure 1. Global production- and consumption-based radiative forcing of SIOA+POA (a, scattering aerosols) 
and BC (b, absorbing aerosol) for 10 source regions. For any region, RFp (upper bar) and RFc (lower bar) are 
summed from the RF imposed above (grey) and outside (blue in a and red in b) their territories. For any region, 
the percentage value indicates the relative change from RFp to RFc, and the value in the parenthesis is the 
associated error (2�³ ). Source: Lin et al., Nature Geoscience, 2016.
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Source: Lin et al., Nature Geoscience, 2016.
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Production of goods for consumption and associated 

economic activities (transportation, power generation, 

etc.) result in tremendous amounts of air pollutant 

emissions. And atmospheric transport of air pollutants 

allow regional emissions to have a global impact, a 

well-recognized environmental problem. Furthermore, 

international trade allows a country to import goods 

from other countries; therefore it alters the location 

�R�I�� �S�U�R�G�X�F�W�L�R�Q�� �D�Q�G�� �W�K�X�V�� �Du�H�F�W�V�� �W�K�H�� �V�S�D�W�L�D�O�� �G�L�V�W�U�L�E�X�W�L�R�Q��

of emissions. As the amount of emissions from 

�S�U�R�G�X�F�W�L�R�Q���R�I�� �D���S�D�U�W�L�F�X�O�D�U���S�U�R�G�X�F�W���G�Lu�H�U�V���V�L�J�Q�L�¿�F�D�Q�W�O�\��

between countries, due to differences in economic 

structure, energy structure and emission control 

levels, economic trade may also change the total 

amount of global emissions. The coupling of trade and 

atmospheric transport not only means substantial re-

distribution of air pollution at the global scale, but it 

also has a major impact on regional contributions to 

climate forcing and climate change. 

Since 2014, an international team co-led by Professor 

Jintai Lin has published a series of studies quantifying 

the impacts of pollution transfer associated with trade 

and atmospheric processes on ambient air quality, 

public health and climate forcing on a regional 

or global scale. In their pioneering work (Lin et 

al., PNAS, 2014) that won the prestigious PNAS 

Cozzarelli Prize and has been downloaded by over 

180,000 times, the team first presented the coupling 

�Hu�H�F�W���R�I���W�U�D�G�H���D�Q�G���D�W�P�R�V�S�K�H�U�L�F���S�U�R�F�H�V�V�H�V���R�Q���&�K�L�Q�D’ s 

pollution and its global impacts. They revealed 

�W�U�H�P�H�Q�G�R�X�V���L�Q�À�X�H�Q�F�H�V���R�I���H�F�R�Q�R�P�L�F���W�U�D�G�H���L�Q���U�H�O�R�F�D�W�L�Q�J��

pollution, much more than the effect of atmospheric 

transport alone. They also showed that the U.S. 

outsourcing manufacturing to China reduced emissions 

produced in the United States with a significant 

increase in emissions produced in China and thus an 

increase in pollution transported from China. The two 

factors compensated for each othe