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Welcome to the School of Physics at Peking University!

Physics is concerned with the study of the universe from the smallest to the largest scale. Discoveries in
physics have formed the foundation of countless technological advances and the contributions to solving global
problems.

It is my honor and privilege to receive an opportunity to guide the School where I was extraordinarily fortunate
to pursue my education in the 1970-80s.

The School has an outstanding historical record of impressive achievements. Our tradition of excellence has
been established by many eminent professors, lecturers and a large amount of baccalaureate and doctoral degrees
we have produced for decades, and as a result, the School is consistently top-ranked in the nation.

The School is diverse in its teaching programs and research interests that span discipline from theoretical to the
experimental. With more than 210 affiliated faculty members, 1150+ graduate and 780+ undergraduate physics
majors and 100+ postdoctoral fellows, it promotes a lively intellectual environment that everybody can thrive in,
and emphasis is placed on inspiring and encouraging our students to be at the forefront of the next generation of
leading physicists or in the science-driven high-tech industrial world. Aside from continuous degree programs,
our students’ horizons are broaden by co-curricular initiatives and activities.

The School has attracted a number of distinguished scientists with international stature in recognition of their
scientific backgrounds. The cutting-edge research are carried out by vibrant community at state-of-the-art
facilities and laboratories that bring transformative and inter-disciplinary perspectives to address fundamental
questions, to satisfy human curiosity, to promote the public understanding, and to help improve the quality of our
lives.

Motivated by a strong commitment to ensure the School will be as creative and inclusive as ever, I very much
look forward to working with everyone enthusiastic and most able in the years that followed as we collectively
enhance and realize the full potential of the School that is poised to reach greater height, and amplify the major

impacts that the School can make to science and on ever-changing society.

Dean of the School of Physics,
Peking University
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. N =) . 2019 F, MEREHACAICINR P OEX B, ERRFK=BIERLM R
K [R#H I

In 2019, the Beijing Laser Acceleration Innovation Center in Huairou Science City was officially

D eve l 0 p men tS launched and Peking University Yangtze Delta Institute of Optoelectronics was founded;

. 2019 F, MIEFRA/MERERFZITRIDE 35, KA, BHUE 2 Tl ?ﬁiﬁﬁ B
ARFESTIE 53 0, AROFMREATIE 2 01, EREARGHUSENHIE 2 51, X
MRITHERASFIE 20 ERIE 5T, AREEFR (LX) SEHRSRN E 21

In 2019, 3 program and 8 projects of national key research and development plan were approved,

H 209F 1 7, EENFREERR—BIFLER.

) ] 2 programs have been initiated. 53 National Natural Science Foundation programs were approved,
In January 2019, organized the commemoration of the 100th Birth Anniversary of Professor Hu

Jimi including 2 programs of Creative Research Groups, 2 programs of National Major Research
imin; . . .
Instrument, 2 key support programs and 5 key programs in Major Research Plan, and 2 International

(Regional) Cooperation and Exchange Program.

. 2019 F 5 B, BEFTIERRERINEZRET 90 AFRNKE

In May 2019, the 90th Anniversary Celebration for the Establishment of the Department of - e . P .
. 2019 &, YIBARBTIAE(EA E—EEMBILIEE A3 SCL L3 800 25, HEATE Science &

HFT). Nature £%|FF). PRL. PNAS ETRKIE LT E 60 28,
In 2019, more than 800 SCI papers were published by faculty and students of the School of Physics

Atmospheric Sciences at Peking University was held;

. 2019 F 6 7, ¥IE¥ A ETEEETER.

) S ) . as the first author and corresponding author; more than 60 papers were published in international
In June 2019, inaugurated the fifth administrative leadership team of the School of Physics;

leading journals such as Science series, Nature series, PRL, PNAS, etc.;

. 2019F 8 5, HALSHBLEATRRE " ARKGFSEMEBEL M FARFITE,

In August 2019, organized the commemoration of the birth centenary of Professor Huang Kun and

H 2020 F 5 B, #ARYERENTFERENB LT EAFRNE
In May 2020, held the celebration of Professor Zhao Kaihua's 90th Birthday and 70th Anniversary of

the seminar on "Specialization of Semiconductor Physics Jointly Hosted by Five Universities"; Teachi
eaching;

o 2019 ££ 9 8 A0 11 T Zs * R AE HFNE F Sz 70 B « N e N
. Q? B, 3 BAREREM I RN TAEERHEZIMHK “KEPEARHEFE7RZ 70 F ! 20204578 A, FRE “LDEFE, Fhan BHEEHSE.
z /E',\Eo

) ) ) In July to August 2020, launched the summer ideological and political practice of "Going beyond
In September 2019, 8 retirees and 11 faculty members were honored with the medals for "Celebrating

with faith in heart";
the 70th Anniversary of founding of the People's Republic of China";

. 20209 B, 5 KA MHAZKBFHEN REBLEB T HRRAM AR EXELN,

° 2019 &£ 9—10 R A R AE HAERZ 70 AFERFIEREF, DEFELR 145 7)) .
il R, ERGAREARFERL 70 BERIEXERT, URFHR BB In September 2020, the Guangdong Institute of Laser Plasma Accelerator Technology, jointly

ESMFRFTR T RERET [ HERMESERESEES, XEZPRER.

. constructed with the government of Baiyun District, Guangzhou, Guangdong Province, was officially
In September and October 2019, a total of 145 students and teachers of School of Physics attended

contracted;
and successfully accomplished the mass pageantry, square celebration and volunteer service to mark

the 70th anniversary of the founding of the People's Republic of China; L D s e AL s .
H 2020 £ 9 B, MIEFHRFARRIEE—HIF.

o s e e In September 2020, the Distinguished Colloquium of School of Physics was launched;
H 019F 11 7, AH "PRTEFH ARBFARSIERRZEEZABES.

In November 2019, hosted the "Neutrinos and the Universe" Joint Academic Conference of Future

Science Prize and Peking University.
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H 2020 F 11 B, PEREHIEKRBZREILRRKFERZHOMIL.
In November 2020, the Peking University Science Center of the Chinese Space Station Telescope
(CSST) was founded;

. 2020 F 12 B, PHIEFKFVEFIREELRERRTZRZEREST4E,
In December 2020, The Fifth Committee of the Chinese Communist Party of the School of Physics

of Peking University was elected;

H 2020 F 12 B, YEFRHFITALERKER GBI ZEEREER, 9 TBAREITAIL
RRFTEH I REIEEED A

In December 2020, the School of Physics was awarded as an Advanced Group in the Anti-COVID-19
Campaign of Peking University, while 9 administrators were honored as Advanced Individuals in the

Anti-COVID-19 Campaign of Peking University;

* 2020 F, YIEFPImEEA B —MEEMBINEE XK SCLiL XA 750 &, H P FE Science &
HTF). Nature % HFF). PRL. PNAS ZTRHRLELFTLE I LB,

In 2020, about 750 SCI papers were published by faculty and students of the School of Physics as the
first author and corresponding author; more than 90 papers were published in international leading

journals such as Science series, Nature series, PRL, PNAS, etc.;

H 2020 F, FIBERELFLOTVELTIIE 3T RA 4T, BahBB 25 FIEEXRB
ARZFESTE 35, HPERAEETFRFZESIAE 13, EXIE 1 3, EREBARM
EAHIE 23, EAMRITELZIFIE 1 3. &EHRIE 1. ELA0]E 453,
HAAEER hX) SEMRSEZRIE 45, “FEMEEEEFAHDEEHNENT. A
BREZW THIMA 1 .

In 2020, 3 programs and 4 projects of national key research and development plan were approved,
2 programs have been initiated. 43 National Natural Science Foundation programs were approved,
including one National Science Fund for Distinguished Young Scholars, 1 major program, 2 National
Major Research Instrument programs; 1 key support program, 1 Strategic Research Program and

4 key programs in Major Research Plan; 4 International (Regional) Cooperation and Exchange

Programs and 1 special program that Anti-COVID-19 related.

6 £E4R | Bi-annual Report




ASHER | General View of Personnel

TEWNAD | Divisions

N2E

General View of Personnel

M Faculty

® % A B Research Staff

® {#+ 5 Postdoctoral Fellows
fTEL A R Administrative Staff
Hfth A Others

ARl 4 Undergradutes
® fii+4 M.S.Students
844 Ph.D. Students

BAWEA B Faculty

4% professor
© FI##% associate professor
® Ui lecturer

B3 R associate

research fellow

1
22

4% full professor with tenure R R
KEER 4% associate professor with tenure

[ )
BIE 3% tenure-track assistant professor e g
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i\ 5t Research Staff

1IE 5% T2 professor of engineering
5%k T2 senior engineering

T 72V engineer

SLI5 Ui lab master

Zl#fF 52 ;A research associate professor

% ;A research assistant professor

TRERIMLY

Divisions

@Rt Teaching Center for General Physics
Eat IR #=tthis Teaching Center for Experimental Physics

B IRHT LA Institute of Theoretical Physics

B S Z W53 AT Institute of Modern Optics

BRERASYIE 5 MR IR AT 53 Institute of Condensed Matter and Material Physics
B AYIE AR Department of Technical Physics

F B IR Z AT Institute of Heavy Ton Physics

K= Z Department of Astronomy

K= 57EERZ R Department of Atmospheric and Oceanic Sciences

B F B M52 SL4 = Electron Microscopy Laboratory

£ Fl Rl International Center For Quantum Materials

Bl X~ 5 KR IERF 53 Fr The Kavli Institute for Astronomy and Astrophysics

EPEER LSRR RO

National Experimental Teaching Demonstrating Center for Experimental Physics
ATHEERMNNYEEREALRE

State key Laboratory of Artificial Microstructure and Mesoscopic Physics
BYBEERBEARERERLRE

State key Laboratory of Nuclear Physics and Technology

ERAKRYEHRT O (ERRFESEYEFRFTL)
Beijing Institute of Modern Physics (Peking University Center for High Energy Physics)

FERRFRZIBHARb

Peking University Dongguan Institute of Optoelectronics
ERRFK=AAXBRF R

Peking University Yangtze Delta Institute of Optoelectronics
I REBFNBIE B TRBARM R

Guangdong Institute of Laser Plasma Accelerator Technology
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ZEABOMNHFRE=S

RIS YIRRAT

Institute of Theoretical Physics

EYIEMRAAEEIRI 21 A, APHR (S, BIER. fIRR%F) 20 A, HRTBEARL A
TEMROEERE: BREFHY. NryE. BTYE. 2YE. BRSERSHITYES, $RAE
AFRMNFURENUEEBRERNTHEDRE.

There are 21 members in the Institute of Theoretical Physics, consisting of 20 faculty members and one

administrative staff. The research fields include string and cosmology, particle physics, hadron physics, nuclear

physics, condensed matter and statistical physics, and cover from the scale of the universe down to microscopic

scales of elementary particles.

—. a5 — BT B AR R 5 R A A

T (kWBis. #F) HARENE, X
5B AR B4 BRI R A L R Y Bl
MEXEZE, A, NRFEMWNEBERHARRE
A, AREBEEEREAERETFENNE
(quantum chromodynamics, QCD) #] 40 F£ /5194
K, MMKAREF B QCD Tt EE ST K
FHERFNEBRISNE D KEL (parton distribution
function, PDF) . JTE4F, 7f PDF N —JRIETHE
FEERBTERNRE, %321 E 74 PDF &
HE “BS8EEET k.

EETFHERT, AT EZFERBEIT
HPDF, R tEELNMEB LI LN T EE

MR, GREMARRASEEBHIER 7T XM
B, MEZAXRINBEE T RILMEREM. 12
BT 2019 FLFAE YIBITFILIIE>  (Phys. Rev,
Lett. 2019, 122, 062002)

gb5, h T 8RB MAE ST E R B PDF,
ETMERSITEES5 PDF X XA, ©
HMEMRASEEETERILIX — KB AL
WHITEZWE K, F15 M= R HHE PDF fY
K BE IR B M LB 20 R R H X PDF U5 & 12K
RTF 2021 FEz=A <HIBFLIRIR>  (Phys. Rev.
Lett. 2021, 126, 072001)

I. Exploring internal structure of hadrons based on ab initio calculation

Study of the internal structure of hadrons, like the
proton or neutron, is crucial to understand both the

nature of strong interaction and the constitutive

10 4£4R | Bi-annual Report

substance of the real world. However, this problem
is so hard that, 40 years after the establishment of the

fundamental theory of strong interaction, quantum

chromodynamics (QCD), one is still unable to fully
calculate parton distribution function (PDF) of
quarks or gluons inside of the proton based on QCD.
Significant breakthroughs of ab initio calculations
of PDF based on lattice QCD are achieved in recent
years, especially because of the new method quasi-
PDF and its generalization “lattice cross sections” .

In quantum field theory, it is needed to prove that the
quantities calculated by lattice can be multiplicatively
renormalized. Yan-Qing Ma and his collaborators
proved this property rigorously, which is an important

theoretical foundation for the new method. The result

was published in Physical Review Letters (Phys. Rev.
Lett. 2019, 122, 062002).

Besides, to extract PDF from lattice calculation,
matching coefficients between PDF and the quantities
calculated by lattice are needed. Yan-Qing Ma and his
collaborators calculated the matching coefficients to
two-loop order in perturbation theory, which improves
the precision of PDF extracted from lattice to be
comparable with that from experimental data. This
result was published in Physical Review Letters (Phys.
Rev. Lett. 2021, 126, 072001).

T BT RAALR R RO RDRL T B A Y B A

£ 7 & 3 1 % (quantum chromodynamics,
QCD) MR EZ MR T = 85818 B 1E IV EARTE
Wo AT RMEEERAEMREXRNEHE. EBIET
%, BB ER 2B ER. RREFED
h1% (s QCD) FEREBLEITEN 41K QCD i
T —FERMANBARFE—BIX QCD R4
BATERFE BRI, AMIBENE—MRIEL X B2
BHNERTE A SIEHTEE . XAEWRZT
WAL B RIVERIEZ N AE, EED
EXEEMER

BRERBAE T -W HEBFSHNEEMNIT
EMBET —EXTENF AL, BRTER4 KK
RETEMA TR PH—RI R AR, HiBig

BREBMTEXETON KT=5"REYFEER
PITTERLIWER “Mira” BEITEY, EEFR L E
REMTNIEF -WHETFEREMNESITE. MNZ
TWEHE, BEIRBMANR pion N FFERTRE
MNIERTMEHBERS 7 31, XASHEE CKM Y
ERETEENERES. M IEART <P
B REY (Phys. Rev. Lett. 2020, 124, 192002).

BIBIRB A I pion RGN R ZIRIBAIITTE,
B TMNERREAZRESENEE—F. %
MTERZRT «<¥IBFIRIRIR> (Phys. Rev. Lett.
2019, 122, 022001) .

I1. Exploration in the high-intensity frontier of the particle and nuclear physics using

supercomputers

Quantum chromodynamics (QCD) is the fundamental
theory describing the strong interactions between

quarks and gluons. Because of the non-perturbative

nature of strong interaction in the low energy region,
the perturbation theory is not applicable in this case.

Using the supercomputers, lattice QCD provide a non-
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perturbative approach to solving QCD in low energy.
Through the Monte Carlo simulation of the QCD system,
one can obtain the precise theoretical predictions from
first principles and compare them with experimental
measurements. Nowadays, lattice QCD is playing
important role in many aspects in nuclear and particle
physics, such as the study of hadron internal structure and
the high-precision test of the Standard Model.

The group of Xu Feng developed a complete set of
methodology to calculate the photon-W box diagrams
using lattice QCD. They solved the key technological
difficulties in the computation and analysis of the four-
point correlation functions and performed the first lattice
QCD calculation of photon-W box diagrams using the
supercomputers, namely Tianhe-3 (prototype) at Chinese
National Supercomputer Center in Tianjin and Mira
at the Argonne Leadership Class Facility. From this
calculation, the precision of theoretical prediction for the
pion semileptonic decay rate is improved by a factor of
3, which provides important information for the high-
precision determination of the CKM matrix elements.

This work was published in Physical Review Letters

(Phys. Rev. Lett. 2020, 124, 192002).

Besides, the group of Xu Feng studied the neutrinoless
double beta decays from the two-pion system.
Neutrinoless double-beta decay is the most sensitive
laboratory probe to confirm whether neutrino is a
Majorana fermion. The observation of this decay will
demonstrate that neutrinos are Majorana fermions, shed
light on the neutrino absolute masses and mass-generation
mechanism, and give insight into leptogenesis scenarios
key to understand the matter-antimatter asymmetry
in the universe. Theoretically, the interpretation of the
experiments of neutrinoless double beta decays relies
on a seamless connection between the theory at quark
and nuclear level and reliable calculations of the nuclear
matrix elements, with robust uncertainty estimation.
The lattice QCD calculation of the neutrinoless double
beta decay amplitude performed by Feng’ s group can
be viewed as an important step moving from the quark
level towards the nuclear level. The results was published
in Physical Review Letters (Phys. Rev. Lett. 2019, 122,
022001).

A P2 e KB R o

ih 7 (axion) & 1977 £ Peccei-Quinn IF ¢ 5
fEREFBEINFFRRE CP o mBgr—FE
REEAREE . RIBRCEMR, BYRSHE
TFHYRM 8%, MRHFFE, BREMRT
B, NITMNELBYRMNE hiEEE. BT
TR EIA AR RR CP [0 AIRE Y o), Eims|
YIS Mawa/Jb=ck e RS Sy 8

HMFOUS5EFERF. CFMEMERFAEA
RIARERRIIN F A E B S NEEEA. RIE
MEERNTRE, TSI EMHLEREMTFH
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M. Sk B KBARYSF o] Eid B #2500 XENONIT
#0 PANDAX EREY) ISR #E TR R . HFEKX
PHAR S EERTREAZS, ZRERERAH
—THALIRL, WNEEEHE keV EZF. XE-
NONIT SCBG4H & 7F 2020 £ 6 B ARIITNENAIL S
(arXiv: 2006.09721) FFEH, FMEIZE 1—7 keV
K FROPERZ T, BEHRTF 23 keV,
1Z THEF 2020 £ 10 B EXX A= T <9I 118 D»
(Phys. Rev. D 2020, 102, 072004) . KPA%HF T
HIFp FREZEM, JFHEEE 5 XENONIT L1§

EpEE, AMZE Z2KF. 2208 B—&
NERE, KAMFIEDX LA BRI
W EEREENRS, ZXERXRT <PET
B93> (Phys. Rev. Lett. 2020, 125, 131804)
IMEF R R K EGER XD, XENONIT X )
ERAEEME IR BN 7 K AR
KBS AT R AT VIR IR AE R 2 T — 1 EEW
RUERE, ¥EREDRIXSRE. WRHEFFE
FEEHEEER, IMBSITEFZINESE

WA F. HFEZELEH, keVIXFHE
A keV stV F IR MM IR IE B R Bk
B, ZETRBIIINE S, Fitriss
FORRPMEN LT AEERZM, HEIZN
NIET UGB NERIIMNERNER. ZTEL
KT <IEBFFISIRIEY  (Phys. Rev. Lett. 2020, 125,
131806) , 5% XENONIT SZIS4A7F <32 1F38 DY
WX HHPATT, ERS R WR T Particle Data Group
BER 2021 FHFPIRLRIA

I11. The inverse Primakoff effect of solar axion in the liquid noble gas detector

Axion is a hypothetical pseudoscalar particle, proposed
by Peccei and Quinn in 1977 to solve the strong CP
problem in the Quantum Chromodynamics. On the
other hand, according to astrophysical observations the
dark matter has occupied 85% of the matter content.
If Axion exists and its mass is lower than eV, it can be
a natural candidate of cold dark matter. Since it can
simultaneously solve the strong CP problem and dark
matter problem, it has received lots of attention from
the particle physics community.

Axion can have feebly interaction with gluon, photon
and various fermions in the Standard Model. According
to different interactions, many different experiments
have been proposed to search for axion. For the
solar axion, it can be detected by dark matter direct
detection experiment like XENONIT and PANDAX.
Axion can be produced inside the core of the Sun,
where the temperature is about 15 million Kelvin
which corresponds to energy at keV. XENONIT group
has published an arXiv paper (arXiv: 2006.09721) at
June 2020, and pointed out, there are more electronic
recoil events than expected in energy range 1-7 keV
and is mostly accumulated between 2-3 keV. Later,
this paper formally published in Physical Review D
(Phys. Rev. D 2020, 102, 072004) in October 2020.

Since solar axion is very important theoretically and
its energy is so close to the XENONIT events, it has
been widely concerned by the community. Moreover, a
paper appeared in Physical Review Letters (Phys. Rev.
Lett. 2020, 125, 131804) in August 2020 and pointed
out that the solar axion interpretation faces severe
astrophysical constraints.

Jia Liu and the collaborators found that including
XENONIT, the past liquid noble gas direct detection
experiments have missed an important detection
channel, the inverse Primakoff process, in the
experimental analysis of the solar axion model. If
axion can interact with the photon, it can convert
into photons through the electric field of the xenon
atom. Since such experiment cannot distinguish
photon and electron energy deposit due to the fast and
similar energy loss patterns, the inverse Primakoff
effect is important and should be included. Moreover,
this effect can alleviate the constraints from the
astrophysical bounds. The work has been published
in Physical Review Letters (Phys. Rev. Lett. 2020,
125, 131806), recognized in the formal Physical
Review D paper of XENONIT, and will be included
in the Review of Particle Physics 2021 written by the
Particle Data Group (PDG).
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RSB S M RER R E T

Institute of Condensed Matter and Material Physics

BRESMESHEYEMRFAUEHNT 62 A, H, H%22 A, 81F% 20 A, TEHHEHK
®3IAN, MREARAR2 A, IRFERAR IS A, HRAEFEFERLO6 A, KIIFEZES A, B
RAREBTEI AN, WRVHBFERLETLSEDIBMRME, RBESER, PKESKEESEKNTE,
MM FZ RGBS, SEBSMR. DESHEMG, YREMEREDIE, LRRSDEMEY
W, DR BN BRI

There are 62 faculty members in the Institute of Condensed Matter and Material Physics, consisting of
22 professors, 20 associate professors, 3 tenure-track assistant professors, 2 research technicians and 15
engineering technicians. Among the senior researchers are 6 academicians of the CAS, 5 Chang Jiang scholar
professors, and 9 national distinguished young scholars. The research fields cover a wide range include wide
bandgap semiconductor physics and devices, theoretical condensed matter physics, nanosemidonductors and
semiconductor photonics, nanophotonics and near-field optics, high-temperature superconducting physics,

materials and devices, nanostructures and low-dimensional physics, soft condensed matter physics and

biophysics, and magnetism physics and advanced magnetic materials.

— . RRSE 25 48B3 i B4 8 e 3 2 )

REARGEHSTREERAEENER,
WIIREBTBRSR. 81 BfE. ER%REE,
wm, Beim LRI AREREAZEE, H
NEENEMREBER T FFHEUEKE
R Eit L, RExERREMNERETRE
HAE B AMF IR R IEEIREL, FURSAERR
o SRAMNEN. BTRAEBARSEERY
a. AN, EEREEE —EMRITRAINE, B
TRNBT Z#BEMEINNENE. BEEMIE
HREENSRREHRELANRDEM 455
MESNEAE KRR B, SI&RART. S5
HRENERFEL7 LR RTRBSRANR
FANEA B R
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TEMRIRIZ R, R R & R AR5
AWE: RELFENSESEE. AFRIELK
& B XA Cu(001), Cu(011), Cu(11l) =%, 15
PR EEER EBLRF. 2016 FDUk, XFHE
MARAESEEEECREXZEEEEZMR LG
TR 58 Cu(lll) ELHKREAEGS
BB IRINEH] S (Nat. Chem. 2019, 11, 730; Sci.
Bull. 2017, 62, 1074; Nat. Nanotechnol. 2016, 11,
930) ; FEL4B Cu(110) B & ESLID KR 4R
FRATR S S INES| % (Nature 2019, 570, 91)
S5REHHAEMAL, SESAERRtEFS
FURE 45, TR FINES & —4EMRHAR
R, i, FRBAFZFRE AR EEFREEE

R Cu(lll) B&, SEHAFRAENERNFR
HNFEHRERSE, HozdaRkE kit
HNX R, R KRFYEZENFETR
R EREFRL. SR 5 EEERBKB R
NEAEREBERBILRENRDFME HhFEEERE L,
FEEPR EEIREF BN AL B SN %
MK EH ALY AR R RPEENIE,
B /B0 RMBEEEENERIEE. B
AR IPL “Seeded growth of large single-crystal copper
foils with high-index facets” >4 8l %& 3k F<« B #A»(Nature
2020, 581, 406) o th {17388 1 45 2k Y B ) 2 T4 2R

0iE, & Cu(1l) FAMNENRBITH, TR F
HYFEFNSEREEZ RN B NFEHE
BREANES, ERZSHEHRABZY BIFKK,
HEMFEE T 2830 AMEBHERAEE. BE,
KLEYZFRR BEE B, ARSI EHNESR
fEh “FT” MEF 2 REE L, #ITIRALE,
KR THFERAARTRERFENEDEH IS,
BN, ZAERBEEE, T EECEEME
HRTHIE, BYHEBESNENZ O EE
MR ESEFEMRTEEE. RIZHNZN.

I. Seeded growth of large single-crystal copper foils with high-index facets

Copper plays an important role in the modern society
and is widely used in electronics, communications,
national defence and other fields. However, most
of the commercial copper foils on the market are
polycrystalline, and the defects in it greatly reduced
the transport efficiency of electron and phonon.
Theoretically, single-crystal copper with a perfect
crystal structure can maximize its intrinsic electrical and
thermal properties and is expected to have an important
impact on the application of low-loss and high heat-
dissipation electronic devices. Besides, with the rise of
two-dimensional materials, single-crystal copper foils
with various facets are the basis for realizing the epitaxial
growth of two-dimensional single-crystal materials with
different symmetries. Therefore, the production of large-
size single-crystal copper foil is a long-term pursuit for
the scientists.

Based on their Miller indices (hkl) , metal facets are
classified into low-index (no index greater than one) and
high-index (at least one index larger than one) ones. For a
certain metal, there are only three sets of low-index facets
( (100) , (110) and (111) ). As a comparison,

high-index facets are in principle infinite and, therefore,
could afford richer surface structures and properties.
Since 2016, Professor Kaihui Liu and his collaborators
have made a series of progress in the study of low-index
copper foils: the ultra-fast epitaxial growth of meter-scale
graphene on single-crystal Cu(111) (Nat. Chem. 2019,
11, 730; Sci. Bull. 2017, 62, 1074; Nat. Nanotechnol.
2016, 11, 930), and the epitaxial growth of single-crystal
hexagonal boron nitride on single-crystal Cu(110) (Nature
2019, 570, 91). Compared with low-index ones, high-
index copper foils can provide a richer surface structure,
which can greatly broaden the types of two-dimensional
materials grown on it. However, the synthesis of a single-
crystal metal foil with high-index facet is all the more
challenging since the formation of such facets is neither
thermodynamically nor kinetically favourable.

To address this problem, A team of Peking
University researchers leaded by Academician
Enge Wang, Academician Dapeng Yu, Professor
Kaihui Liu and their collaborators have focused
on the thermodynamics and kinetics control of the

recrystallization process. They realized the fabrication
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a library of A4 paper-size (30 X 21 cm?2) single-crystal
copper (Cu) foils with more than 30 kinds of facets
by a designed seeded abnormal grain growth from
originally polycrystalline Cu foils. Their work was
published on Nature entitled by “Seeded growth of
large single-crystal copper foils with high-index facets”

(Nature 2020, 581, 406). By applying the special pre-
treatment process, the Cu(111) facet is no longer the only
thermodynamically favourable facet, and the abnormal
high-index grain is obtained. Kinetically, the large
abnormal grain consumes the surrounding small normal
grains and eliminates the grain boundaries in the Cu
foil which leading to the formation of the large single-
crystal copper foil. By repeating the procedure, more than

30 kinds of single-crystal Cu foils with various facets

have been prepared. What’ s more, in analogy with the
"inheritance" in biology, researchers further proposed a
facet ‘transfer’ method to copy the facet of the obtained
high-index single crystals. First, a small piece of a high-
index single-crystal Cu cut from a large single-crystal Cu
foil was placed on a large polycrystalline Cu foil to serve
as a new seed. When annealed at a high temperature, the
polycrystalline Cu foil transferred into a single crystal
with the same facet as the seed. Besides Cu, they have
demonstrated that the technique is potentially applicable
to produce libraries of other single-crystal foils. The
fundamental exploration and technical applications
of these large high-index single-crystal metal foils are

therefore of highly expectation.
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Figurel. Single-crystal Cu foils of A4 paper size with various facet indices
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L a5 ROt

RS RMREICFE FIRMEM, JCR RS
BREBERS. 2R KFREETRS. 5
CERBA R T — MR FFIE: e
KR GYe X— R ETFLEI O] SR I HOL XA
SHAEMEERNEE. B REEELHAEME
MRt R EE R E &80t (VCSEL) ,
BREEREBAFBRCEFTEL TR SRR
= (DBR) ks, XFEESEHEIZEZ,
FNMEEARZR. S{CBRBMALI T 48 Rk
TR EIVLHEIFF LI T FH IR FMES RO MBET
EHPNELERE, EHRENCRFARER
EAELTEL, AEAFEDBRET LY S
NEEEFAEM. o, IMFEFCRERR
BHBOK. B, 20K, 24K, EBEZR
TUFEREGFFEXBEREIE, 2REHB
HEHHI 8IS 36 dB. IXLEMEEE S LBk
BN, R EEE IRMAX T VARE, HBinHeE
ZHN BB R ZHRIIERETT <BAH
KXARlH»  (Nat. Nanotechnol. 2020, 15, 67-72) . H
I, THRFNEF R, DLEBURBMART B B ie -
HEFERINA RSN CBEINEHITRFIE, =
W7 MRt RER Cer, FHAI T EHHIFRF
EAGEEEZNRIAHEEFE——XNNX
o HXMRIIELRE <HOIETIRRR>  (Phys.

Rev. Lett. 2020, 125, 013903) , F#ik A RmiEHER
WX A\ o

HYEZH, By Ot mH%) FiF
TERRBENEAINEBRBMLREN, AT
NHBEHLER TRFEZNER. S1LCB0RTA
HEFMR—NEXNRAZREN T FASINBRE
HE, BREARTETALRENTREINE,
MEFEFHRETUTENREAERE—FENK
IS, MEREE THREARAFENNELE,
T 7 R EDRMR SN TR HE R TR H X —F
U= (B . BAMRIERRT <KBEAY
I#» (Nat. Phys. 2020, 16, 571-578) , H KB T
49 j& Winter Colloquium on the Physics of Quantum
Electronics x{EfgEHRK ,

HEBHERMEEEEREBHRFE, BES
HALK F—BERELI. SCERALSETR
RERRANEIEEREI 7 BIERREEE
HENVEP KRR R, BIE T BB S EH
£, 14 140 KWiem® . EE—RHNZ, BHTHE
MHEERY, ZHAEHEERNET 6 MEE
MARRFERIFNIEMRE. HXMRIMELRE
F «B%» (Nature 2020, 581, 401-405) , F A%
2020 FEHPEFSETAHRER,

II. Microscale field manupulation and laser physics

Topological insulators are materials that behave as
insulators in the bulk and as conductors at the edge or
surface due to the particular configuration of their bulk
band dispersion. However, up to date possible practical
applications of this band topology on materials’ bulk
properties have remained abstract. Ren-Min Ma’ s
group proposes and experimentally demonstrates a
topological bulk laser (Nat. Nanotechnol. 2020, 15, 67-

72). They pattern semiconductor nanodisk arrays to
form a photonic crystal cavity showing topological band
inversion between its interior and cladding area. In-plane
light waves are reflected at topological edges forming
an effective cavity feedback for lasing. The band-
inversion-induced confinement occurs in a small range
of wave vectors around the I" point that provides a novel

lasing mode selection mechanism and renders emission
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directionality. They also report an emerging out-of-plane
radiation feature of spin-momentum locking in a non-
Hermitian topological photonic system and demonstrate
a high performance topological vortex laser based on it.
This work is published in Physical Review Letters (Phys.
Rev. Lett. 2020, 125, 013903), and is selected as Editor” s
Suggestion and Cover Article of Physical Review Letters.
The radiation of electromagnetic and mechanical
waves depends not only on the intrinsic properties of
the emitter but also on the surrounding environment. In
the conventional wisdom, the environment is defined
exclusively by its eigenstates, and an emitter radiates into
and interacts with these eigenstates. Ren-Min Ma et al.
show experimentally that this scenario breaks down at
a non-Hermitian degeneracy known as an exceptional
point. They find a chirality-reversal phenomenon in a
ring cavity where the radiation field reveals the missing
dimension of the Hilbert space, known as the Jordan
vector. The work is published in Nature physics (Nat.
Phys. 2020, 16, 571-578), and win the Best Abstract

Award in 49th Winter Colloquium on the Physics of
Quantum Electronics

Plasmonic materials with a lower loss than noble metals
have long been sought. Ren-Min Ma et al. present
stable sodium-based plasmonic nanolasers with state-
of-the-art performance at near-infrared wavelengths.
The sodium-based plasmonic nanolaser is with a
record low threshold of 140 kW/cm® among plasmonic
nanolasers at near-infrared wavelengths. The results
indicate that the performance of plasmonic nanolasers
can be significantly improved beyond that of noble
metal limits, which provides tremendous opportunities
for plasmonics, nanophotonics and metamaterials. This
work is collaborated with Prof. Jia Zhu, Prof. Lin Zhou
and Prof. Shi-Ning Zhu of Nanjing University. The
work is published in Nature (Nature 2020, 581, 401-
405) and is selected as “China’s Top 10 Breakthroughs in

Semiconductor 2020” .
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Figure 1. Chirality-reversal radiation at an exceptional point. (a) Radiation field from a single emitter inside a
normal ring cavity. (b) Schematic of a ring cavity operating at an exceptional point, where the two eigenstates
coalesce. (c¢) A single emitter can become fully decoupled from the coalesced eigenstate and radiate to the

missing dimension with the opposite handedness.
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=, Karva g iinitE TS mis st R

BT ARGFRINEZAERZIN, N FERE
R 2R FE. BN FEBEDNETEN=
MHEEEBEMENETEEXR, TUEERA
BHH=HX0. REE BN T8 RIS
MU, YN trEeBRETHERTRFAE
RERNHIINRYEE, HFEBIZHRIMRITPIRK
JURFES, EREFZHINVEMER.

BRESUREATFREK N BRI EEA
SEFREEFEHAERERSHE. MIIEYRT
¥ & CdAs, K I EF E RN NN F A
NETERBSFALIETHENE, X8
7 Berry I MIFE, BHE TN RFEEBRATS
FFIME R SEGIE SR, BARRERT <HE TR
$R4%» (Phys. Rev. Lett. 2019, 122, 036602) . i
—3F, TREEN ez, £ 7TXMERF
HIMRESHER—EPERFMN, FELEERE
WAREE, LI T Bl BIRAFTF RN, &
ETHNmFEEF ERREERNFRASHE
WiEHR, MAMREART <PEFILRIEY (Phys
Rev. Lett. 2020, 124, 116802) . 7Eile T ERIERE
F, MR TN RFrEB—BSIEPHER, &
W7 4n AHRNBSER, BT ZERPFED
AR NT R, H—PIFEME, ANEBSFHFE
KR T SR T — MR AE, X5FHKIN
KASEIN TS BEEERANSBER 8. XL

W R B Sim 5 R A TR 2 DA M IR
%, fam T IINRESBSERNNET IR,
HEFRT «BR BN (Nat. Commun. 2020, 11,
1150) . BB, AXNMABEARERRF, 1
NABBSEFTIWR, BN TSR
FEEBEKE, RN TEBSBRANZEESE 4R
|7, BE—HRFMEISNEE % ENERITE,
RETSHEINFLEBEFSNIWIERE, BXK
RERT <IEJFILRIR»  (Phys. Rev. Lett. 2020,
124, 156601)

jri)

a:

B gmT

B L 3k Rrse 28 CdiAs, 29K F 0B R TRE T
EFTSRNRE—EL5SERENBSERR.
Figurel. The SQUID-like pattern in a Nb-Dirac
semimetal Cd,As, nanoplate-Nb Josephson junction
suggests that the supercurrent is strongly confined to
the 1D edges of the junction.

ITII. Quantum transport properties of topological electronic states in Dirac semimetals

Dirac electronic materials beyond graphene and
topological insulators have recently attracted
considerable attention. Cd,As, is a newly booming
Dirac semimetal with linear dispersion along all three
momentum directions and can be viewed as 3D analog of
graphene. As breaking of either time reversal symmetry

or spatial inversion symmetry, the Dirac semimetal is

believed to transform into Weyl semimetal with exotic
chiral anomaly effect. Topological surface states with
Fermi arcs are predicted on the surface and have been
observed by angle-resolved photoemission spectroscopy
experiments.

The team led by Zhi-Min Liao of Peking University

has achieved the first experimental evidence for the
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topologically non-trivial nature of surface states in a
topological Dirac semimetal (Phys. Rev. Lett. 2019, 122,
036602). It is a significant advance upon recent related
QHE measurements in Cd,As,. They have also provided
direct evidence of the spin-polarized Fermi arc states
in Dirac semimetals by transport measurements. The
nonlocal spin signals can be completely switched off,
owing to a gate-induced topological phase transition of
the surface states, providing a deep understanding of the
topological surface states of Dirac semimetals (Phys.
Rev. Lett. 2020, 124, 116802). They further construct the
Nb-Dirac semimetal Cd;As,-Nb Josephson junctions.
Contrary to the minimum normal-state conductance, the

Fermi-arc carried supercurrent shows a maximum critical

U, Si )i I GaN JEZy i BHFn 251

GaN EBFHHFSHEEFHRK. HFBHS.
WANBTFEBREASRR, AH—RBEABE.
SCHBNSNHARTEZENATS, YERK
SEALXBMERZAEBTEER . BTHRZX
SR GaN 28 R 3K, GaN B SRR FNE 4+
BAESFREEINEAK, Si K ESNE GaN FE
BART RBARS TFEREMHS, BAEEX
SRR R B ELENR ST

BB FGINMEAKPSIHEFTER
Si(111) ¥k, HEBRFEMH=FHF], TAN
F7 45 GaN SMER N EXFRFR E L Si(100) F4
K SiEMBEREANERTE, KB Si(100) 3
JR-E GaN SMNESE R TSI GaN g0 Si =5 -1
EREXRER. Rif, Si(100) FKERFAHENE,
SNEAKETTEBRLE; toh, Si(100) FREFE
“REMK, 5% GaN BN ENFERFMREEGE
KB, 125 ERR EIRAREESTIARE Si(100) /K £
B8 GaN EEMIEA K. BEHLESEMRFO
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value near the Dirac point, which is consistent with the
fact that the Fermi arcs have maximum density of state
at the Dirac point. Moreover, the critical current exhibits
periodic oscillations with a parallel magnetic field, which
is well understood by considering the in-plane orbital
effect from the surface states (Nat. Commun. 2020, 11,
1150). Using superconducting quantum interference, they
have demonstrated the transport dimensional reduction
from a 3D bulk to a 2D surface, and then to 1D hinge
states by increasing the geometry size in a proximity-
induced superconducting Cd,As, nanoplate, providing
evidence of 1D hinge states and thus the higher-order
topological semimetal of Cd,As, (Phys. Rev. Lett. 2020,
124, 156601).

WK~ BHEMRBA SN FEREAL. FHIORE
BEECEMFERERAERENEHE, HiR
JE Si(100) FHJiE L LT T B2 & GaNSEEEAIMNE A 1K,
HARGHIR T A 2E L GaN SMNE I AAZA ERFNSNE
HLHl. 1ZRBE AN GaN 22145 Si S OERME
T REEA, mEXNHETER LN IERTIR
R F DRINE A KFD GaN B M arH i 61 B
BEZENRSNE. BXITIERRT Stiutzheess
#£»  (Adv. Funct. Mater. 2019, 29, 1905056) .
FEA—IIIEFR, MAIERT Si(111) 3 EXELL
A GaN BEERER, 2 T = T, Z£4EKT
EoINSRE Ga =, FANBERETHERN
BN R MARFTER I, HIFE Si(111) K L5
f) GaN SMERES I E Sk 102 ume FERLEAL £
ST EEEZEM GaN HREE ZRE, XA
10°, HEFRREXBHESE. BETEEXERT <9
B AELy  (Phys. Rev. Mater. 2020, 4, 073402) .

IV. GaN Based Power Devices and Materials on Si Substrates

GaN based materials and power devices have attracted
much attentions due to their promising applications
in next generation power supply, and mobile
communications, thanks to the properties of wide band
gap, high breakdown field, and high electron velocity.
Because native bulk GaN substrates are not available at
low cost yet, GaN based materials are usually grown on
foreign substrates. Due to the advantages of large-wafer
size, low cost, and the great potential of the compatibility
with existing processing technologies developed for
Si integrated circuits, GaN based materials and power
devices grown on Si substrates have attracted much more
attentions.

The main Si substrates for GaN epitaxy is based on
Si(111), which exhibits a surface with three-fold
symmetry and can provide the six-fold symmetry
orientation for wurtzite GaN epitaxy. However, the
monolithic integration of GaN with current CMOS
devices requires the growth of single-crystalline GaN on
Si(100), the most foundational materials for ICs. Si(100)
possesses a 4-fold symmetry and generates asymmetric
surface domains due to surface reconstruction. GaN
based materials directly grown on Si(100) exhibits 12-
fold symmetry with rough surface due to the two-domain
structure duplicated from Si(100) surface. Up to now,
there has been no report yet to achieve epitaxial single-
domain GaN directly on standard Si(100) substrates.

Bo Shen and Xuelin Yang’ group at Research Center
for Widegap Semiconductor in School of Physics,
collaborated with Kaihui Liu” group and Xizhen
Li’ group in School of Physics, in School of Physics
have demonstrated the epitaxy of single-crystalline GaN
film on Si(100) substrate by utilizing single-crystalline
graphene as a buffer layer. The nucleation mechanisms

and domain evolutions are further clarified by surface

science exploration and first-principle calculations. The
work lays the foundation for the integration of GaN-
based devices into Si-based integrated circuits, and
also broadens the choice for the epitaxy of nitrides on
unconventional amorphous or flexible substrates. The
work was published in Advanced Functional Materials
(Adv. Funct. Mater. 2019, 29, 1905056).

In addition, in order to address the challenging in
growing thick GaN layer on Si (111) substrates, they
have proposed a vacancy engineering, by intentionally
introduced Ga vacancies during growth, which leads
to dislocation inclination and annihilation in GaN. In
addition, this dislocation inclination can proceed without
relaxing the compressive lattice stress. Thus, a thick and
crack-free GaN layer with a thickness of 10.2 um has
been achieved on Si(111) substrates. With these advances,
a quasi-vertical GaN Schottky barrier diode with the
highest on/off ratio of 10'° has been demonstrated. The
work was published in Physical Review Materials (Phys.
Rev. Mater. 2020, 4, 073402).
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Figure 1. Epitaxial growth of single-crystalline GaN film on
Si(100)
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T, WK REERLANE 1S5 R 70 Hr P 3R AL &2 i

EEMKAFFRNEE, BRI RMALRY
LR T MZMRENE . BRTEHEEMcHR
I BEAIHIGRIS, SBPIKEMEEBIELKR
FEEA S REEIER, LRIl R
&5 . EBEEHTEBFENEUES, TUE
EWANERERNICHINE, REXNFSEE, ReE
FERITM B ZRSRE . BT BB ARG 0% S
TCEPTHRER, IR 2N BT EA S
AR, Ik B ZARHRC 2SR ED T TRE.
FIATHARENBREBFR, MAMMNEHHIHEIR
FEERIE, JUREURT KR E FRERET
TSR

BEBESEEEEYWE FAHENE LR
SR, RATBFELFHRENHRAEYRD
HEERBEAEENR . FEFRAAF BSH
FRRENEHMERESG, EWARE LRIESBEHAK
LHNTFHEN BESEE, ESWAKRERII
T 93% NFMRESEE, RIMNEMETEE5
WSe, NE &L, WSe, (VRS IR 78R,
AFMEREEAIES, WE 1 Fim. ZERERA
WRFUEFHRICTE, WEXFRERMICLS ==
TN BR‘TBERNSE. EAMRRRLRT

K2l RFR»  (Nano Lett. 2019, 19, 775)

X BRI KM RIANZITR R, AEFIREAE
G N A ANSIR A WAL T —F B /A HAE
Ze—BoNet, LI 7 KL T B IEFFEH
B¥>. BTUIAESR, BXEMRITRrARR,
HENBIRFE MERHITBIH ARG EIENF
>, [ERSF) A A ASE B 4K LA A e
FHEREM. FIFH BoNet, $H3imipxkECIEME
Tt IERr 7T HIERRR (CD=1), XK
F#ET T OENEFMERXRAE, FHFWRENRILE
FMHT TN SHRE. HAMRRELRT <2
TEEREY  (Phys. Rev. Lett. 2019, 123,213902) .

RE\EBFHBARRE, AEFRAAHR T —H
MABSNHETREESBE BRI TRARNES
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FMRERNF A E. WE 2 Fix, Mg LR
T 7 BN TR E AR KL S h-BN/ WSey/h-BN 1)
B/ NREEWMKEN, FAAFHBFRIBEERKT
WK RENRARIRERBUARS, BILHAHEE
EREMRRELI T HREM R AR HERE,
BEGEAE BB T SRAEEN K S0nm A SLIIARAE “FF F1
X7, PAK 100nm EIARMS R . 12 T IER A
T —MARMRAESREFR, ARTEKSBE T
FHR. ABBERERMNAKNE FEERERMHET
TR 1) AR R AR Z R T<B R8BI (Nat.
Commun. 2021, 12,291)
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Figure 1. The cathodoluminescence characterization

of chiral photonic local density of states and
photoluminescence spectra of Au/WSe, hybrid structure

V. Nanoscale Resolved Characterization and Applications of Nanophotonic Structures

With the development of nanophotonics, artificial
nanostructures with characteristic properties inspire
wide interest for researches and applications. With the
exploitation of plasmonic light localization and field
enhancement effects, metallic nanostructures exhibit
unprecedented talents for the manipulation of light-
matter interactions at the nanoscale, such as enhancing
light absorption and emission. Intriguingly, abundant
electromagnetic modes of metallic nanostructures
also provide a versatile platform for tailoring the
photonic environment and increasing the local
density of states (LDOS), thus allowing the flexible
control of spontaneous decay rate. As a nanoscale
characterization technique, cathodoluminescence
(CL) microscopy which breaks through the optical
diffraction limit, has been successfully used for
plasmonic electromagnetic field investigation and
the detection of radiative LDOS. Under the electron-
beam stimulation, surface plasmon modes of metallic
nanostructures can be effectively excited, contributing
to CL signals, which can realize the detection
of optical and quantum phenomena at deep sub-
nanoscale.

The chiral radiative properties of quantum emitters
strongly depend on the photonic environment, which
can be drastically altered by plasmonic nanostructures
with a high LDOS. Hence, precise knowledge of
the chiral photonic environment is essential for
manipulating the chirality of light-matter interactions.
The research team led by Professor Zheyu Fang
has imaged chiral radiative LDOS distributions of
single plasmonic nanostructures at the nanoscale
by using CL nanoscopy. Radiative LDOS hot-spots
with the chirality larger than 93% are obtained by

properly designing chiral plasmonic modes of Au

nanoantennas. After forming monolayered WSe,
nanodisks/Au hybrid structures, the chiral radiative
properties of WSe, are significantly modified, leading
to chiral photoluminescence, shown as Figure 1. Our
experimental concept and method facilitate future
applications in chiral quantum nanophotonics such as
single-photon sources and light emission devices. This
work has been published in Nano Letters (Nano Lett.
2019, 19, 775).

To satisfy increasing demands for structure designs,
Fang’s Group presented a self-consistent framework of
BoNet [Bayesian optimization (BO) and convolutional
neural network (CNN)] for self-learning perfect
optical chirality. With parameterizing structure
designs into features, BoNet directly learns electric
field distributions and reflection spectra properties.
Meanwhile, BO is performed to optimize circular
dichroism in the far-field. Utilizing this self-consistent
framework, optical chirality in the reflection spectra
is optimized and approaches its theoretical maximum
(CD=1). After measuring their spectra and analyzing
the corresponding electric-field distributions, a detailed
physics explanation for the origin of obtained strong
CD is given. The related work has been published in
Physical Review Letters (Phys. Rev. Lett. 2019, 123,
213902).

Recently, Fang’ s Group reported a new method to
manipulate valley polarization of low-dimensional
quantum material via metallic surface plasmon excited
by an electron beam with a high spatial resolution.
As shown in Figure 2, researchers firstly designed
achiral nanoantenna and h-BN/WSe,/h-BN hybrid
nanostructure and precisely excited the circularly
polarized dipole modes in Au nanoantenna by

the incident electron beam. The control of valley
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polarization of low-dimensional material at the polarization, which offers exciting opportunities
nanoscale by near-field interaction can be realized, for deep subwavelength valleytronics investigation,
leading to the switch of ‘on” and ‘off” state of valley  optoelectronic circuits integration and future quantum
polarization within a 50 nm move of electron beam information technologies. This work has been
excitation position, as well as the reverse of valley  published in Nature Communications (Nat. Commun.
polarization state within about 100 nm. This report 2021, 12, 291).

provides a near-field excitation methodology of valley
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Figure 2. Schematic illustration of h-BN/WSe,/h-BN and Au rectangle nanoantenna hybrid structure and experimental
measured valley polarization degree
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Materials. Optics Letters. Chemical Physics Letters £ [E| A 4} 28 2 7% 75 45 Z 0 Photonics Asia, Nonlinear
Optical Phenomena and Applications (SPIE) , Asian Conference on Ultrafast Phenomena 25~ R <Y = EE5EH .

2019—2020 £ &, BARICHEMRAMBRIT A5 SCI X 130 RFE, HF, 2019 FERBKHARA. &
TEIEHH% )\ 4H & 37 Nature Reviews Materials FARIB X —F/; 2020 F HRIEHFE. REEBF AN LR
Nature Communications RPN —F. AAIEZFEAE, 2019 FAzeHIB U EPEFFESS+, 2019
FEIUBARARGERREMICFR ZER, 2020 FFHBTARPELFZFEST, 20200 FH =
IEHBHFEGESER YR, SERFFE, 2019 58 BERIFHRETAITFAENFE, 2019 F5
HEIZIREEFRPI MR ZEA KRS (ATTO2019) F4BIRE. WRICEMRALUIZES 6IF8E H R E
EREAFTRATE, MBR—AZRABR, EZFENRAREM L, BEENTEAFEMEEAN
MAFEEWRNFF. IWRZEEFEME. EFEFEEFER. BRRFSHTFYE. SBEINRE
DTFEMRNFHEZS IR EERNIINIERDEREN, 2R 7T EBEREFE IRNEFEMET
SHFYOERFMBENEEEM. SHESIRARK “W—R" EREH T EEM.

The modern optics research at Peking University (PKU) was initiated by Mr. Yutai Rao in 1933. It has a long
history and a good research foundation. The Institute of Modern Optics (IMO) was established in May 2001,
based on the previous Optics discipline of Department of Physics at PKU. The present director is Professor
Qihuang Gong, who is an academician of the Chinese Academy of Sciences (CAS). The optics discipline
at IMO is a National Key Discipline, and is a key construction content of “211 Project” , “985 Project” , and

“The Double First Class” . IMO constitutes one of the two research branches in the State Key Laboratory for
Artificial Microstructure and Mesoscopic Physics. IMO has established several joint research centers, such as
the CAS-PKU Ultrafast Optics & Laser Physics Center. In 2020, Peking University Yangtze Delta Institute of
Optoelectronics was jointly established by PKU and Nantong Municipal People's Government in order to serve
the strategic orientation of “implementing innovation driven strategy and building an innovative country” , and
respond to the national strategic deployment of “Yangtze River Delta integration” . IMO has two secondary
disciplines of optics and atomic/molecular physics. IMO always adheres to constructing a high-quality scientific

research team, and possesses the Optics Discipline Innovation Group of the National Natural Science Foundation

££4R | Bi-annual Report 25



FHDINRRSS | Highlights

ARAIPLNARER

Highlights

of China (NSFC) and the Key Fields Innovation Team of the Ministry of Science and Technology of China. The
research team has developed rapidly in the past ten years through training and introducing a lot of outstanding
young scholars. By the end of 2020, IMO has 26 faculty members (including 22 academic faculty members and
4 engineers). There are 12 professors (including 1 Boya Chair Professor, 6 Boya Distinguished Professors),
6 Boya Young Scholars, 2 Associate Professors, 1 senior engineer with the rank of professor, 1 senior engineer
and 2 engineers. There are 1 academician of the CAS, 5 Changjiang Scholars, 2 Chief Scientists of 973 projects,
3 Leading Talents in Scientific and Technological Innovation of Ten Thousand People project. Seven faculties
won the Distinguished Young Scholars of NSFC. Seven faculties won the Excellent Young Scholars of NSFC.
Many faculties have received great achievements and obtained great recognitions in their research fields.
Several faculties were elected as the American Optical Society (OSA) Fellow, International Society for Optical
Engineering (SPIE) Fellow, and the Institute of Physics (IoP) Fellow. Many faculty members were elected as
editorial committee or vice editor-in-chief of the journals including Advanced Optical Materials, Optics Letters,
and Chemical Physics Letters. Many faculty members were elected as president of the international academic
conferences including Photonics Asia, Nonlinear Optical Phenomena and Applications (SPIE), Asian Conference
on Ultrafast Phenomena.

During 2019-2020, IMO faculties have published more than 130 papers. In 2019, Professors Rui Zhu and
Qihuang Gong published a paper in Nature Reviews Materials. In 2020, Professors Yunfeng Xiao and Qihuang
Gong published a paper in Nature Communications. In the aspect of talent development, Professor Yunquan Liu
was elected as the Chinese Optical Society Fellow in 2019. Professor Jianwei Wang won the second prize of Rao
Yutai basic optics Award in 2019. Professor Yan Li was elected as the Chinese Optical Society Fellow in 2020.
Professor Yunfeng Xiao won the Chen Jiageng Award for Youth Science. In the aspect of student development,
Meng Han won the Student Poster Award at the International Congress of attosecond science and technology
(ATTO2019) in 2019.

IMO takes improving the innovation ability and serving the major needs of the country as the responsibility, and
takes building a first-class discipline as the goal. Based on many years of scientific research, IMO has condensed
and formed many research directions with remarkable characteristics and advantages, including mesoscopic
optics and nanophotonics, femtosecond science and nonlinear optics, quantum optics and quantum information,
strong field atom and molecular physics, optoelectronic functional materials and devices. With its increasing
international impact, IMO has become globally competitive basis for research and education in optical science,
and atom and molecule physics. The Optics discipline has made important contributions to the “double first

class” construction of PKU.
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Figurel. Femtosecond-nanometer temporospatial

resolution measurement of ultrafast electron cooling and
relaxation dynamics of single layer WS,

I. Research progress of femtosecond-nanometer ultrahigh temporospatial resolution

photonics

Femtosecond-nanometer ultrahigh temporospatial
resolution photonics is one of the research frontiers
and international competition focus, having great
significance to promote the exploration of new physics
and photonic device research. CAS Academician
Qihuang Gong’ s group has successfully developed
femtosecond-nanometer ultrahigh temporospatial

resolution experimental system under the support

of national major scientific instrument development
project. This experimental system has a ultrahigh
time resolution of several femtoseconds and ultrahigh
spatial resolution of four nanometers, becoming
a powerful experimental measurement method
for the research of mesoscopic optics and micro/
nano photonics. For the first time, the research

group revealed the inherent correlation between
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near-field enhancement and decoherence time of
localized surface plasmon polarization from the near-
field microscopic point of view by using ultrahigh
temporospatial resolution photoemission electron
microscopy (PEEM). These results were published
in Physical Review Letters (Nano Lett. 2020, 20,
3747). Moreover, for the first time, the research
group revealed the cooling and relaxation dynamics
of ultrafast electrons in monolayer WS, from two
dimensions of time and energy population evolution.
These results were published in Physical Review
Letters (Nano Lett. 2020, 20, 3747) .

In the experiment of surface plasmonics, the near-field
distribution of localized surface plasmon modes in
gold nanostructure dimer arrays was observed directly
by using the advantage of high spatial resolution of
PEEM. Through the measurement of optical emission
intensity depended on the wavelength of excitation
light and the autocorrelation measurement of optical
emission based on ultrashort laser pulse, the near-
field enhancement and decoherent time of identical
gold nanostructure was obtained separately. It was
found that the correlation depended on the interval of
gold nanostructure dimer and polarization direction
of excitation light. For the first time, it was revealed

that the correlation was jointly determined by the

coupling between near-field and far-field, and the
nanostructure localization. This research work was
very important for the study of surface plasmonics.
During the research of ultrafast electron cooling and
relaxation dynamics of single layer WS,, it was found
that there existed two time-scale ultrafast dynamics
processes with a relaxation time of 0.3 ps and 3 ps
respectively (as shown in Figure 1). It was also found
that the first process corresponded to the cooling of
electrons in conduction band, and the second process
corresponded to the relaxation of electrons in the
bottom of conduction band based on the energy
resolution PEEM measurement. It was revealed that
the relaxation process was mainly related to the defect
states through comparing the PEEM measurement
results of suspended single-layer WS, and combining
fluorescence and Raman spectroscopy characterization.
This research work revealed the dynamic process
of ultrafast electron cooling and defect trapping in
single-layer WS, based on the multiple dimensional
resolution energy in space, time and energy of PEEM.
It was also found that the generation of defect states
was related to the light illumination in vacuum, which
was very important for the study of two-dimensional

materials and their applications.
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Figure 1. (a) The laser fields in the improved attoclock.
A perturbative linearly-polarized 400-nm light field (blue
curve or arrow) is used to mark the ionization instant (black
dot) in the attoclock constructed by an intense circularly-
polarized 800-nm light field (red curve or dots). The
green curve represents the synthesized light field. (b, c)
The measured photoelectron momentum distributions in
the polarization plane without and with the 400 nm field,
respectively
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II. Unifying Tunneling Pictures of Strong-Field Ionization with an Improved Attoclock

The issue of tunneling time, i.e., how long a particle
passes through a potential barrier, is replete with
controversy and paradoxes since the birth of quantum
mechanics. The controversy stems from the fact
that time is not a quantum operator. Advances
in laser technology have led to the generation of
ultrashort intense laser pulses. The light electric field
is comparable and is even much stronger than the
Coulomb potential in atoms, rekindling the passion
of solving the puzzle by means of the laser-induced

tunneling in strong-field regime. It has been shown

that hundreds of attoseconds of time delay with non-
vanishing exit momenta exist in tunneling ionization
according to the Wigner formalism. The finite tunneling
time delay is further validated by the numerical virtual
detector method and the experiments, including the
experiment performed with a gas mixture of argon and
krypton atoms. However, why does the same issue
have the two wildly different conclusions? Both seem
to be convincing.

Recently, the group lead by Prof. Yunquan Liu have

demonstrated a novel attoclock. In this geometry,
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they added a perturbative linearly polarized light field
at 400 nm to calibrate the attoclock constructed by
an intense circularly polarized field at 800 nm. This
approach can be directly implemented to analyze the
recent hot and controversial topics involving strong-
field tunneling ionization. The generally accepted
picture is that tunneling ionization is instantaneous
and that the tunneling probability synchronizes
with the laser electric field. Alternatively, recently it
was described in the Wigner picture that tunneling
ionization would occur with a certain of time delay.

They unified the two seemingly opposite viewpoints
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within one theoretical framework, i.e., the strong-
field approximation (SFA). They illustrated that both
the instantaneous tunneling picture and the Wigner
time delay picture that are derived from the SFA can
interpret the measurement well. The results show that
the finite tunneling delay will accompany nonzero
exit longitudinal momenta. This is not the case for
the instantaneous tunneling picture, where the most
probable exit longitudinal momentum would be zero.
This work has been published onPhysical Review
Letters (Phys. Rev. Lett. 2019, 123, 073201).
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#&>» (Phys. Rev. Lett. 2019, 122, 053201)
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II1. Theoretical progresses in strong field physics

The interaction of short laser pulses with atoms
and molecules will induce many novel nonlinear
phenomena. On one hand, by using specifically

designed laser pulses or pump-probe experiments, one

can examine the structure and dynamics inside atoms
and molecules. On the other hand, one can characterize
many important parameters of laser pulses themselves

by measuring appropriate physical observables. The
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research team led by Prof. Liang-You Peng and Prof.
Qihuang Gong have made several progresses in the
years of 2019-2020.

By utilizing the ultrashort laser pulses, people can
control of the electron position inside atomic and
molecular targets. However, the precise measurement
of such a tiny displacement of electron is beyond the
current technologies. Using the double-slit interference
of time domain in strong field ionization, the team
theoretically proposed a method to achieve such a goal
with a spatial resolution of 0.01 nm. In this scheme,
a target short pulse of arbitrary waveform is placed
between two time-delayed counter-rotating circularly
polarized pulses, which will launch two ionizing
electronic wave packets with a certain time interval.
One can observe vortex structures in the ionized
electron momentum spectrum. Should there be no
target pulse, the angular distribution of the vortex is
evenly distributed. On the contrary, an extra phase will
be added to the first electronic wave packets due to the
existence of the target pulse, which will change the
angular structures into uneven distributions. The team
found that it is possible to accurately extract the tiny
electron displacement caused by the target pulse from
the uneven angular distributions. In addition, they
showed that their method is robust against the laser
focusing effects and the jitter of the carrier envelope
phase of the circular laser pulses. This work has been
published in Physical Review Letters (Phys. Rev. Lett.
2019, 122, 053201).

The ellipticity of a strong laser pulse is an important
parameter in strong field physics. However, its
acquisition is usually based on optical methods,
which are especially not accurate at a high ellipticity.
The team closely collaborated with a team lead by
Prof. Dajun Ding in Jilin University, proposing and
demonstrating an in-situ measurement method. In this

method, two counter-rotating but otherwise identical
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elliptically polarized pulses are used to ionize Xe in
the gas phase. By finely tuning the time delay of the
two pulses within a laser cycle, the ionized electron
spectrum and the yield of the singly charged Xe ion
will be delicately modulated, which will truthfully
reflect the maximum and the minimum of the strength
of electric field synthesized by the two pulses. They
identified that it is possible to accurately extract the
ellipticity of each pulse. They found this method
is applicable in a wide range and is robust against
the fluctuations of laser parameters. This work was
published in Physical Review Letters (Phys. Rev. Lett.
2019, 122, 013203).

Helium is the simplest multiple-electron system and
a realm to study the electron-electron correlation in
strong field physics. In 2020, the team collaborated
with colleagues from Frankfurt, Vienna, and
Shenzhen made some progress in double ionization
of He. Nowadays, many labs and large facilities
aim to build many versatile and novel light sources,
with the expectations of identifying new physical
phenomena in different regime of light parameters.
In recent years, intense lasers in short wavelengths
have attracted much attention. In such a regime, the
nondipole effects cannot be neglected, which pose
significant challenges in theoretical simulations and
experimental measurements. The team have extended
their numerical methods for the two-electron system
to include such effects and to be able to deal with the
cases of intense xuv pulses, respectively. With the
consideration of nondipole terms in the Hamiltonian,
it is possible to investigate the transfer and partition
of the photon linear momentum among the ion
and the two electrons. For the simplest one-photon
double ionization, the team accurately calculated the
differential and integral spectra relevant to the many-
body breakup, which excellently agree with recent

experimental measurements by the group led by Prof.

Doérner in Frankfurt. Subsequent analysis showed
that the law of the photon linear momentum transfer
in He has some similarities with that of H, but with
significant effects induced by the electron-electron
correlation. In addition, they found that the momentum
gained by the ion is opposite to the direction of the
light propagation. This work opened the study of
photon momentum transfer in many-electron system
and was published in Physical Review Letters (Phys.
Rev. Lett. 2020, 124, 043201).

In addition, a joint theoretical effort has been made by
this team with colleagues from Shenzhen and Vienna,
to investigate the two-photon double ionization of

helium by extremely intense xuv pulses. In this study,

EETUEA R

they found a novel interference pattern of two-electron
interference. Based on a sequential picture proposed
earlier by the team (Phys. Rev. Lett. 2015, 115,
153002), they established a semi-analytical model to
successfully explain the features in the interference
and the underlying physical mechanisms. Their studies
showed that the grid-like interferences originate from
the interplays of the multiple ionization pathways,
the dynamical interference effects, and the exchange
symmetry of the two electrons. They pointed out it is
easier to observe the dynamical interferences in the
two-electron than in the single-electron system. This
work has been published in Physical Review Letters
(Phys. Rev. Lett. 2020, 124, 043203).

Institute of Heavy lon Physics
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Peking University has long been leading the development of accelerator science in China. As the first nuclear
science facility based in a Chinese university, the Institute of Heavy Ion Physics led by Prof. Chen Jiaer has long
been standing at the forefront of both research and training. Over the past few decades, more than 5000 senior
nuclear science talents have graduated, including Zhu Guangya and Qian Shaojun and 20 other academicians of
the Chinese Academy of Sciences. In the current era, facing the major issues in energy and health, the Institute
of Heavy lon Physics continues to develop cutting-edge accelerator technologies and apply them to challenging
issues such as nuclear energy and cancer radiotherapy, and to build an international base for top nuclear science
research and training.

In recent years, important breakthroughs have been made in laser acceleration, superconducting acceleration,
nuclear physics and nuclear magnetic resonance technology, which have received the continuous attention of
General Secretary Xi Jinping. In the past five years, the institute has undertaken 48 national scientific research
projects, including 10 National Key R&D Plans and Major Scientific Instrument and Equipment Development
Projects, bringing in funds totaling 600 million RMB. More than 400 papers have been published in Nature,
Physical Review Letters and other high-impact journals, and the institute has won more than 20 international and
domestic awards. The discipline boasts a highly qualified teaching staff with a healthy age structure, including 3
academicians (1 double employed), 2 overseas high-level talents, 4 national outstanding young talents, 6 national
young talents and an NSFC innovation group team. Graduate students mainly come from excellent graduates
of key universities in China. A series of balanced courses and quality instruments are available for the students
majoring in nuclear science. Most graduates enter universities, well-known institutions and large enterprises
around the world. More than 100 of these are working in important national units, and some have gained great
success in these units. Many other graduates are working in the national economy or the health services, bringing
benefits to society.

Many teachers have served in important roles in academic organizations as vice presidents or directors, and
many academic awards have been gained in recent years. Prof. Chen Jiaer was the president of the Chinese
Physical Society and vice chairman of the International Union of Pure and Applied Physics (IUPAP). Prof. Yan

Xueqing won the international accelerator community’ s 2019 Hogil Kim Award and the 2020 Ho Leung Ho Lee
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Foundation Award for scientific and technological progress. Prof. Gao Jiahong is the chairman of the international
Organization for Human Brain Mapping (OHBM) — the first Asian to serve as chairman since the establishment
of the organization 25 years ago. Prof. Qin Qing is the director of the European Synchrotron Radiation Facility
(ESRF) Accelerator and Source Division (ASD). Prof. Wang Yugang is the executive vice chairman of the
International Committee on Nuclear Tracks and Radiometry. Excellent young scientists are constantly emerging,
such as Qiao Bin, Guo Zhibin and Gong Zheng, who won the Asia Pacific Young Researcher Award for plasma
physics, the René Pellat Memorial Festival Prize, and the Asia Pacific U30 Scientist and Student Award for

plasma physics, respectively. The Peking University Nuclear Science Forum has become a well-known series of

academic lectures in China, and in recent years our discipline has hosted conferences such as the International

High Energy Density Physics Conference and the High Energy Density Physics Youth Forum.
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R
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2.6 5, MXMRERT <PEIFRIRIR> (Phys.
Rev. Lett. 2019, 122, 014803) . #({EiEHl3kAE, #2
SRR I REB E A K EEP R BN KD
REBTFTEEKEHEM 10T FUBRF @7, I
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B, KEMBTF=EXEERTHE BRI, #Him
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BASAEB FHRFEKNENBICAEEER,
EMINEI T T MeV B X FRI~4E, B/~
ZMK. SEEAERE, SXEMRARHITH
X Im 3 E K B S P CE R A R
M, KFESBENXYES, BXHREK
KF «EBFEHIEY  (Phys. Plasmas 2019, 26,
033109) . BFHAEHRNAKELETBILRE

IR G INEDE MeV 84, BT ELEE
ERXTEFRIEORE, #HI2id—EEEEE
SWA XL SRET, YEAE —ZHW R A,
A5 BB FREFEEREWMEE. XFHH
ZHREETREEZMRETFHNAE, 2IHETHE
SRERNMNEES, THTRRE Xy TR
BEIBRBTHR. KEZAENIE TEHAR
WEER, WEE AT E 5K 200 keV,
HFFHEESTERER.

I. Laser ion acceleration and radiation generation based on nano-targets

Ultra-intense lasers of relativistic intensity (I>10"®
W/ecm?) can collectively drive a large number of
electrons by interacting with specific targets, resulting
extremely strong longitudinal electric and transverse
electromagnetic fields to accelerate and wiggle charged
particles. As a new acceleration method with great
potential, its acceleration gradient can be 10°-10° times
higher than that of conventional accelerators. The laser
acceleration process takes place in the micrometer-
femtosecond space-time scale when the laser interacts
with the target. The key problem is how to accelerate
and wiggle the charged particles by virtual of the
nonlinear interaction between the laser and the targets.
Conventional targets include inert gases and foils
made of common solid materials, which cannot realize
delicate and complex acceleration processes due to
their simple structures.

Based on his deep understanding of laser acceleration
physics, Prof. Wenjun Ma has made a major
breakthrough in the field of laser ion acceleration
and radiation generation by using advanced
nanotechnology to build acceleration structures at the
nano-micron scale.

Based on his previous work, he recently developed
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a sub-critical-density nanotarget made of carbon
nanotubes. Such target consists of a large number
of single/double-walled carbon nanotube bundles,
resulting a large number of hollow structures at
nanoscale, yet highly homogeneous at the micron
scale. In collaboration with Prof. Xueqing Yan, he
experimentally generated carbon ions with a maximum
energy of 580 MeV (48 MeV/u) using a double-layer
composite target composed of carbon nanotubes and
nanofilms, enhancing the previous record carbon ion
energy by 2.6 time utilizing femtosecond lasers (Phys.
Rev. Lett. 2019, 122, 014803). Numerical simulations
show that the ultra-intense laser propagating in a
sub-critical-density carbon nanotube target drives
a large number of electrons to move collectively to
form an ultra-intense magnetic field of 10° T. Some
of the electrons can be accelerated to up to 100 MeV
by the resonant direct acceleration process under
the confinement of the self-generated magnetic field
and gather at the tail of the laser. When the laser
propagates through the carbon nanotube layer and
reaches the solid film, a large number of carbon ions
will be pushed out of the solid target by the radiation

pressure, and then accelerated to hundreds of MeV

in the long-lived accelerating electric field formed by
the subsequent high-energy electrons from the carbon
nanotube target. This cascade acceleration process, by
separating the two processes of high-energy electron
generation and heavy ion injection, solves the difficult
in heavy ion injection and prolongs the acceleration
time, and opens up a feasible path for laser-driven
acceleration of heavy and super-heavy ions, and lays
an important foundation for laser nuclear physics
and high-energy density physics research based on
laser-accelerated ion beams (see figure). After the
publication of this work, it was awarded as the 2019
Research Highlight Work of Peking University, and
Wenjun Ma was invited to give presentations at several
important international conferences, including the
European Advanced Concept Accelerator Symposium
(EAAC) and the Asia-Pacific Plasma Conference
(AAPPS).

In addition to being used for ion acceleration, carbon
nanotube targets can also be used for the generation
of high-brightness radiation. High-energy electrons
can undergo nonlinear Compton scattering by
interacting with a counter-propagating super-intense
laser pulse, producing high-energy gamma photons.
Experimentally, the generation of tens of MeV
gamma photons has been successfully demonstrated
by colliding laser-wakefield accelerated electrons
with counter-propagating laser pulses, but the yield
is low. In contrast to existing schemes, Prof. Wenjun
Ma proposed that a double-layer target composed
of sub-critical-density carbon nanotube target and
a nanofilm could be used to generate high flux x/y
radiation (Phys. Plasmas 2019, 26, 033109). Electrons
are firstly accelerated to the order of a hundred MeV
in the carbon nanotube target through resonant direct
acceleration mechanism. Since the laser’ s group

velocity is higher than the electrons’ forward velocity,

the laser propagates ahead of these high-energy
electrons after a certain time. When it is reflected at the
second solid layer, nonlinear Compton scattering from
the forward electrons will produces high-brightness
x/y radiation. This scheme has higher photon yield
and energy conversion efficiency as compared to
existing scheme, and can be used for large-field x/
v photon imaging and photonuclear transmutation
studies. Experiments based on this scheme have
been successfully completed recently. The measured
average photon energy is as high as 200 keV, and the
photon yield is significantly higher than the reported

results.
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Figure 1. Summary of laser-driven heavy ion acceleration
results, ¥y results for this result.
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SIEER#EZ (Major Disruption) o #I, #HEME
E PR A% B2 T SIS (International Thermonuclear
Experimental Reactor, ITER) Ay ELM & & A7 & L
FIEURIREEZ A 100 MW/m’, 1 B 812 M 81R
IR R AR B A MM 10 MW/m®, —
FEHE—THER. XTREN LU RBEETER
KRk TFEK, lV\]%E%%‘EEfEK
KRHPERU T AERLELEH T HRETT UHEA—
MILFITESIRE, B QH R (Qulescent H-mode) -
W ETER A QH RV L GBI A A BRI HARE S T
B RAN— P RERF M. QH HEILHR
HRNERAEESEZRRMEZMEHRE (BR.
[Es2. MEBES) £EFFHRILEKNHE.

BEWHRRIERADSITING X EE FAmn
MERMEM L, BRET —MARERFFRBEK
BEARANFTFR—REEBSEL, £X—
ERERT, fIRLH: 1) HERTBERHE
5% 6 B IR 1 59 BUR HE K SE I AR B, ELM 3
%, SEFRHENELM-H R A; 2) 2R E#
B BT EAN R ARE X ) B =R e K B AT 52
WHARR, DRENSHIENRSS (Edge Harmonic
Oscillation, EHO) 44 , MififEE s TR
QH #R7S. IMEWIRAALNES FIRIA G KD
R BEHmRERFRERNIESTL LEEX
RIER (ME) @ 1) BRARBHEE, =Rk
BHEEANAREMLR (K%) <4 7% ELM
LR (BE) &M, i RFE R T ELM-H 2R,
2) BIAFRBHHE, B ZRERKSEIXN
TREMDLR (46) BEELMILR (B6) £,
R RGN T QH RS XKLL AKREL
BARBBETRAYVERITNIEHREBEEN
ESR X AXMRTIETRRT CHEITIRRRY
(Phys. Rev. Lett. 2020, 125, 255003) .

I1. Progress in High-confinement Mode Research of Magnetically Confined Plasmas

H-mode (H: High performance) is a standard scenario
of future nuclear fusion reactor. The ELMy H mode
(ELM: Edge Localized Mode) and QH mode (Q:
Quiescent) are two principal favorable operating
scenarios of future burning plasma devices, e.g., the
ITER (International Thermonuclear Experimental
Reactor). In the ELMy H mode, the thermal energy
is released in a highly transient, episodic way, and
the induced heat load may erode plasma facing
components and degrade performance. In contrast to

the large crash of the pressure profile in the ELMy H
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mode, the edge pressure profile finds a steady weak
oscillatory state in the QH mode, so impurities are
expelled effectively and the plasma facing components
are not eroded. Thus, the QH mode is an attractive
scenario for a fusion reactor. The most challenge issue
in QH-mode theory is how to treat the synergetic
interaction of multi-free energy sources (current
density, pressure gradient, vorticity gradient, etc.).

Through a deep analysis of the edge plasma turbulence,
Guo’ s group proposed a new approach to study
edge MHD modes (MHD: Magnetohydrodynamic)

by considering the phase coupling of vortex waves
produced by different sources. While vorticity
dephases radial velocity and displacement, and so
is stabilizing, a new finding here is that vorticity
gradient tends to synchronize the radial velocity and
displacement, and so destabilizes edge MHD mode. As
a highlighted result, they analytically demonstrate that
vorticity gradient can destabilize an otherwise stable
kink mode, and so form a joint vortex- kink mode. The
synergetic effects of vorticity and its gradient in edge
MHD extend the familiar flow shearing paradigm. This
theory thus explains the experimental findings that
a deeper vorticity- ‘well’ may aggravate edge MHD,
and so trigger the formation of the edge harmonic
oscillation. This work is published in Physical Review
Letters (Phys. Rev. Lett. 2020, 125, 255003).
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Figure 1. Path of joint vortex mode and the formation of
QH mode
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Figure 1. large grain superconducting cavities
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4. BSEENRE
Figure 4. Vertical Test System

III. SXFEL Project Passed National Acceptance

Soft X-ray Free Electron Laser experiment facility
(SXFEL) of the national major science and technology
infrastructure projects passed the national acceptance
in November 2020. SXFEL is constructed by
Shanghai Institute of Applied Physics, CAS and
Peking University. SRF accelerator group of State Key
Laboratory of Nuclear Physics and Technology (Peking
University) successfully finished all the research tasks,
including development of 9-cell superconducting
cavities, SRF accelerating cryomodule, surface
treatment device and vertical test system. The group
has mastered the key technology of SRF cryomodule,
obtained a series of important technical breakthrough
and realized full domestic production of SRF cavities.
The construction achievements greatly benefit the
development of free electron laser facility in China,
especially, providing the technology for the hard X-ray
FEL Facility (SHINE), one of the national major
science and technology infrastructure projects of the
13th five-year plan.

SRF technology is high-tech in the field of particle
accelerators and is the indispensable technology for
high current and high energy accelerators, especially
for continuous wave XFEL. SRF cavity is the key
component of superconducting accelerators. SRF
group successfully finished a series of large grain
9-cell niobium superconducting cavities by mastering
of the critical technology of surface treatment (Figure
1.). After buffered chemical polishing and high
temperature treatment, all of the accelerating gradients
(Eacc) of six 9-cell cavities are larger than 25 MV/m
and the Q, values at 2 K are 1.6-2.4 X 10" at 16 MV/
m (the running gradient of hard X-ray free electron
and Q, reached

international advanced level in statistics.

laser facility), see Figure 2.. Both E

acc

The self-designed SRF cryomodule adopting
279-cell structure, including main power coupler,
superfluid helium two phase tube, frequency tuner,
thermal shield, magnetic shield and low level RF
control system, etc. (Figure 3.). SRF group finished
the manufacture, assembly and horizontal test of the
SRF cryomodule by systematic researches of low
temperature thermal conductivity, high precision
amplitude and phase control, stable helium pressure
control, etc. The Eacc of cryomodule reaches 21.0—
23.5 MV/m and the static heat loss is 7.5 W, which is
the same level with the similar device in the world.
The vertical test system (Figure 4.) has the cooling
capacity of 200 W at 2 K temperature and the remnant
magnetic field in the vertical test dewar is less than
5 mGs, which is beneficial for testing of high Q
superconducting cavities at 2 K, 1.8 K and 1.6 K.

The SRF accelerating cryomodule has been in
operation. It can provide electron beams with energy
of 10—20 MeV and is used in the first generating
of high repetition THz radiation in China. Based on
the SRF technology, SRF group has provided a 2°9-
cell cryomodule for the pre-research of high energy
XFEL in China Academy of Engineering Physics.
The surface treatment device and vertical test system
are also in operation, which provides a platform
of high temperature treatment and nitrogen doping
researches for Peking University, Shanghai Advanced
Institute, Institute of High Energy Physics, Institute
of Modern Physics of CAS and China Academy
of Engineering Physics. The construction of SRF
accelerating cryomodule pushes the development of
a series of high-tech companies, especially for the

industrialization of superconducting cavities in China.
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Department of Technical Physics

BAYERABGHRATILA, HPHEERSA (BB 1A, XE3IAN) , ERESATED LA,
BEIR6A, KEBRZRIA (BABELA, BREEFELAN) , TBHEZRI A (FEREEE
B3N, BIFRR LA, SAIRIT1IA, MIRIF6 A. TRABBFELBZRESED. BIRZED.
SREXEME. PTEEZER. NARYE. BHBHP. RUSHLAAZETE. ZRAAE—1ITRT
RFHRMERE. —MYPEHFLRE. X ZMNKERDET L. ZREHERBRANBLRE,
SREWMHEEBINGEE. 2X 1T MV SFI0ERE . BH 8T E2RHEMN X HEPT S ER T EAZREN
BEH & R, RMENNIRFE, TERTEARYERR (REMESZEARER) -

BAYERE “RYBEZEAERESALRE" NEZAMIY, HELEW —FZYEER A
MZHBEERZHRE N, HREBEZHERERARE . BB ZHNERINEGE, BIFTE ‘T Bib
YERH AT (CUSTIPEN); 7ESae# 27 B 5RO LHC F0ic 5 BEPC-BES R &1F; AZYEHAESHAK
RIKEN-RIBF. =/t HIRFL #14t3¢ CIAE §1E5M&1E; EAABFRAE T 2008 F5HAEUEERN
Nishina School, F 2016 £ 5£E MSU & & AP EBSES F 354 PKU-FRIB B+ 5T B%.

There are 31 faculty members in the Department of Technical Physics, including 8 full professors (including 1
academician of the CAS and 3 National Outstanding Young Scientists), 1 professorship engineer, 6 associate
professors, 4 tenured Associate Professors (including 1 National Outstanding Junior Young Scientist and 1 Boya
Young Scholar), 4 tenure-track Assistant Professors (including 3 Boya Young Scholars), 1 associate research
fellow, 1 senior engineer, and 6 engineers. The research fields 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 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 X 1.7 MV tandem accelerator, transmission electron
microscope, X-ray diffractometer for the study of structural materials and ion beam materials.

The department is an important part of the State Key Laboratory of Nuclear Physics and Technology. 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 researchers have undertaken
a number of national research projects. 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 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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Rev. Lett. 2020, 124, 192501) .
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Figure 1. Comparison between experimental and

theoretical results for relative cluster decay widths related
to each member state.

I. Observation of the Positive-parity Linear-chain Molecular Structure in '°C

Unstable nuclei cover the majority of the nuclear
chart. Over the past decades they have gradually been
produced in the laboratories and exhibit some exotic
structures and dynamic properties, indicating also
possible new applications. Among them, the extremely
intriguing linear-chain molecular configurations in

neutron-rich isotopes have been theoretically predicted

for years, whereas their experimental observations
seem very challenging due to the required multiple
evidences. Previously, individual evidences have
been reported by several research groups worldwide.
Recently, the Peking University group has selected
a more neutron-rich candidate, the '°C, as the target

to study the linear-chain structure, by systematically
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investigating the Q-value, energy level, spin as
well as the characteristic decay scheme. A linear-
chain molecular structure with positive-parity
n’o’configuration has been identified.

An inelastic excitation and cluster-decay experiment
2H (°C, ‘He + ""Be or ‘He + '"Be) *H was carried out
at HIRFL-RIBLL1 facility. Secondary ion beam of
16C at 23.5 MeV/nucleon and with an intensity of
about 1.5%10* pps was produced from a 59.6 MeV/
nucleon O primary beam impinging on a 4.5 mm
thick “Be target. A triple coincident detection with
high efficiency was realized thanks to a multi-layer-
silicon telescope at zero degrees combined with eight
position-sensitive silicon detectors at larger angles
(Figure 1). For the first time, decay-paths from the
'°C resonances to various states of the final nuclei

were determined, taking full advantages of the well-

resolved Q-value spectra obtained from the three-
fold coincident measurement. The close-threshold
resonance at 16.5 MeV is assigned as the 0+ band
head of the predicted positive-parity linear-chain
molecular band with =°s> configuration, according
to the associated angular correlation and decay
analysis. Other members of this band were found at
17.3, 19.4, and 21.6 MeV based on their selective
decay properties, being consistent with the theoretical
predictions (Figure 2). Another intriguing high-lying
state was observed at 27.2 MeV which decays almost
exclusively to “He +'’Be (~6 MeV) final channel,
corresponding well to another predicted linear-chain
structure with the pure s-bond configuration.

The results were published at Physics Review Letters
(Phys. Rev. Lett. 2020, 124, 192501).
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II. New Application of Ion Beam Technology: Significant Progress in Irradiation-

modified Triboelectric Nanogenerator

With the rapid development of the Internet
of Things, a large number of sensors and
microelectronic devices are urgently needed to
support this huge information network. At the
same time, there are growing demands for batteries
and energy harvesting technology in the power
supply system of mobile devices. Since the advent
of Triboelectric nanogenerator (TENG) in 2012,
with its versatility, low cost and high efficiency, it
has gradually become the mainstream technology
in the field of energy harvesting. It has also been
applied in sensors and microelectronics to support
huge Internet of Things. The core element of
TENG is friction nanomaterials, but the existing
friction nanomaterials have insufficient interface
charge transfer capability, which greatly limits its
application. Therefore, the focus of current research
is how to improve the interface charge transfer
capability and its stability of the materials through
surface modification.

The research team led by Professor Engang Fu
from the School of Physics of Peking University
and the research group of Professor Xiangyu
Chen and Academician Zhonglin Wang of Beijing

Institute of Nanoenergy and Nanosystems had

cooperation on the new application direction of ion
beam. They combined energy-carrying ion beams
with triboelectric nanomaterials for the first time,
proposed the strategy and method of low-energy and
high-density helium ion irradiation to control the
triboelectric surface charge density of polymers, and
successfully obtained super positive electrification
materials. Related work was published on Energy
& Environmental Science (Energy Environ.
Sci.2020, 13, 896) with the title "Manipulating the
triboelectric surface charge density of polymers by
low-energy helium irradiation/implantation”, and
was selected as a highly cited paper. The study has
found that the impact of low-energy ion irradiation
on the micro-scale surface roughness and mechanical
flexibility of the target polymer is negligible, but
the electrical properties of the polymers could
be improved stably. By systematically studying
the chemical structure changes of four different
polymers caused by ion irradiation, they have
deeply understood and revealed the interaction law
and mechanism between different chemical groups
and electrical properties. They found that the two
functional groups, which are electron-donating

group and electron-withdrawing group, have an
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important effect on the transfer charge density of the
triboelectric process. Among them, the polyimide
film showed some unprecedented properties after
ion irradiation modification, such as high surface
charge transport density (332uC/m?), excellent
stability and ultrahigh high electron donor ability
(Figure 1). This not only creates a new electronic
record, but also breaks through the traditional
idea of surface structure modification, opens up
a new way, provides brand-new strategies and
methods for the design and development of new
electrification materials, and brings breakthrough
progress. It also provides a guiding template
for adjusting the corresponding properties of
materials from the chemical basic structure level.
At the same time, this functional group regulation
mechanism also opens up new application
directions and fields for traditional ion irradiation
technology. It can be expected that in the future,
there will be many polymer materials with
different excellent properties controlled by ion
irradiation, serving new energy and other fields

with special performance requirements.
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Figure 1. The mechanism and electrical properties of
polymer materials modified by ion beam irradiation. (a)
Schematic diagram of ion beam irradiated materials; (b)
Schematic diagram of the formation of electron-donating
functional groups in Kapton materials caused by irradiation;
(c) The TEM and EDS images of the surface structure of
the modified materials; (d) The comparison shows that the
effective charge transport density of the material enhances
significantly after appropriate dose of ion irradiation.
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ZMELEE L “First Measurements of Absolute

Branching Fractions of the ' Baryon at Belle” H 5%
TT <PEF AR (Phys. Rev. Lett. 2019, 122,
082001) ,

IIL.First Measurements of Absolute Branching Fractions of the = Baryon at Belle

The measurement and calculation of baryons and
baryonic excited states are important since they
offer an excellent laboratory for testing heavy-quark
symmetry or light quarks chiral symmetry. Weak
decays of charmed baryons containing one charmed
quark provide an useful test of many competing
theoretical models and approaches. Up to present, the
properties of the Z, baryons, which contains one u or
d, one s and one c quark, are still poorly known due
to limited experimental data. No absolute branching
fractions of E, decays have been measured yet. A study
of E, baryons will provide important insight of the
structure and dynamics in hadron.

In an analysis, Prof Ban Yong’ s group, working
with collaborators, performed a model independent

measurement of the absolute branching fractions

of " =E™n", ﬂ_—‘ﬂh 7" and "D-'PK Koot decays
based on 772X 106 BB pairs data collected by the Belle

detector at the KEKB asymmetric energy electron-

RXFF

Department of Astronomy

positron collider. These are the first absolute branching
fraction measurements since £, baryons were found 30
years ago. This work is published in Physical Review
Letters (Phys. Rev. Lett. 2019, 122, 082001).
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Figure 1.. The E'r' baryon was reconstructed with a fit to

the recoil mass of 4 in tagged B+ decays.
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The Department of Astronomy of PKU was founded in 2000, based on the Astrophysics Division in the
Department of Geophysics established in 1960. The Department of Astronomy became a 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. Recently, astronomy major was selected as the construction point of national
first-class undergraduate major in 2020. The Department of Astronomy has 7 full-time faculty members
consisting of 3 full professors, 3 tenured associate professors and 1 assistant professor. Among them, there are 2
NSFC “Distinguished Youth Award” winners, 1 State Council Government special allowance awardee and 1 “Ten
Thousand Talent Program”  youth top-notch talent. In addition, the Department of Astronomy has over 10 joint
faculty members including one academician of CAS. The Department of Astronomy has 7 postdocs, 85 post-
graduate students, 102 undergraduates, and 2 administrative staffs. The main research fields include cosmology
and galaxy formation, high-energy astrophysics, interstellar medium, stellar and planetary systems, and
particle astrophysics, involving astronomical phenomena and astrophysical processes at all scales and various

astrophysical environments.
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Figure 1. Both Primary and secondary black holes accrete the circum-binary gas. The accretion disk of the

secondary, as an absorber, absorbs the light emitted from the accretion disk of the primary, which produces an
effective drag force on the secondary. Credit: The Astrophysical Journal Letters.
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I. A New Path to Grow Supermassive Black Holes

One recent work lead by Dr. Xian Chen from the
Astronomy Department of the School of Physics
suggests that the behavior of the dust particles
in the solar system could help us understand the
growth of the supermassive black holes occupying
the centers of quasars. This result was published
in the Astrophysical Journal Letters (Astrophys.
J. Lett.2020,893, L15), and soon highlighted by
Nature Astronomy.

Supermassive black holes are normally a million to

a billion times more massive than our Sun. From

the 1970s, people had realized that these objects
are the central engines of the distant, luminous
quasars. Observations in the recent 2-3 decades
further discovered that normal, quiescent galaxies
also harbor supermassive black holes in their
centers, which are likely the relics of exhausted
quasars. Since it is known that big galaxies grow
by successive mergers, it is likely that two massive
black holes would enter the same galaxy. Interaction
with the surrounding stars and gas would cause

such supermassive black hole binaries to merge,
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generating the most powerful gravitational wave
radiation in the universe.

Xian Chen and his collaborators noticed that besides
stars and gas, light (or electromagnetic radiation)
is a third medium that could interact with the
supermassive black hole binaries and lead to their
coalescence. This idea originates from the formation
mechanism of the zodiac light in our solar system:
the dust particles in the elliptic scatter the light of
the sun and, in this way, feel an effect drag force
and fall into the sun. This mechanism also applies
to binary black holes. On one hand, black hole
themselves could be luminous light sources. In fact,
the supermassive black holes in merging galaxies
could acquire gas from their hosts, igniting quasars.
On the other hand, the gas, before falling into a

black hole, forms a disk first, called “accretion disk”
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(See Figure 1). Such a disk significantly enhances
the cross section for the black hole to absorb light.

Xian Chen and his collaborators made an interesting
analogy. They regard one ignited supermassive
black hole as playing the role of the sun, and the
other accreting black hole as a dust particle in the
solar system. In this way they can calculate the
drag force using known formulae. The result shows
that the drag force is the most efficient when the
masses of the two black holes are very different.
The implication is that a supermassive black hole
could clear the surrounding small black holes by
merging with them, and it happens before the gas
in the quasar is exhausted. This finding points to a
new path for supermassive black holes to grow and

gravitational-wave sources to form.
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I1. Dense Matter and its Manifestations in Astrophysics

It is well known that atoms and molecules are the
building blocks of normal matter in the daily life, and
an atom consists of a nucleus and electron(s) outside.
What if this matter is compressed so tightly that
atomic nuclei come into close contact? This question
has been asked since 1930s, to be relevant to quarks (as
fundamental particles) and the interaction in-between,
but is yet answered. The practical significance of this
problem is related to the rump left behind after a core-
collapse supernova of a massive evolved star: the core
self-gravity is so strong that dense matter is produced
at density as high as the nuclear saturation density,
being manifested in the form of pulsars observed.

A pulsar is made of densest matter in the Universe,
whose equation of state is a hot topic in both
astronomy and physics, particularly in the multi-
messenger era after the discovery of gravitational
wave. It is conventionally believed that pulsar’ s
matter is neutron-rich (i.e., the neutron star model),
however, different manifestations of massive pulsars,

magnetospheric activity as well as bursts/flares could

be naturally understood in a strangeon star model
proposed by Dr. Renxin’ s group. It is found that the
tidal deformability of a strangeon star is low, being
consistent with the observation of gravitational wave
event GW170817 (Eur. Phys. J. A 2019, 55, 60),
though its maximum mass could still be as high as 3
solar masses. In view of the sharp surface difference
between neutron and strangeon stars, the authors
parameterize the equation of state in a polytropic
model (Mon. Not. R. Astron. So0c.2020, 499, 4526),
concluding that neutron stars could hardly have
small tidal deformability as low as the constraint of
GW170817 if its mass-limit is larger than 2.3 solar
masses, but a strangeon star has no such difficulty. It
is, therefore, strong evidence for strangeon star if one
measures a pulsar’ s mass higher than 2.3 solar masses
in the future. Finally, it is worth noting that a census of
pulsar mass would effectively be carried out by taking
advantage of the China’s Five-hundred-meter Aperture
Spherical radio Telescope (FAST), with extremely

high timing precision.
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III.Discovery of a new Luminous Blue Variable in the outskirt of the Andromeda Galaxy

A study by the research group led by Prof. Huawei
Zhang from Department of Astronomy, Peking
University and collaborators from Yunnan University
report the discovery of a new Luminous Blue Variable
(LBV) in the outskirt of the Andromeda Galaxy (M31),
using data from the LAMOST spectroscopic surveys,
the Xinglong NAOC 2.16 m, Lijiang YNAO 2.4 m
optical telescopes, Hale Sm telescope, as well as
archival data.

LBVs are hot, unstable, massive (> 25 — 30 solar mass)
and extremely luminous (10° — 107 solar luminosity)
evolved stars in the upper left parts of the Hertzsprung-
Russell (HR) diagram. During the LBV phase, massive
stars undergo episodes of eruptive mass-loss (10~ —
10 solar mass per year), accompanied by spectacular
photometric and spectral variabilities, on timescales of
years to decades or longer. The origin of the eruptions
is not yet well understood, partly due to the limited
number of confirmed LBVs and the rareness of the
eruptions. From the quiescence to the outburst (or
eruptive) stage, the brightness of an LBV increases
by 1—2 mag in the visual band and the spectrum type
changes from O/early B-type to A/F.

At present, the LBV is either considered as a transition
phase between the main sequence massive stars and the
Wolf-Rayet stars or is an intermediate precursor of a
supernova. More recently, some studies show evidence
propose that LBVs could be evolved blue stragglers,
i.e. the products of binary evolution, although this is
still hot debated. Discovery of new LBVs is therefore
of vital importance for understanding the origin of the
eruptions and the role LBVs play in stellar evolution.
Currently, only six LBVs are identified and all of
them are located in the spiral arms or star forming
rings of the M31 disk (see Figure 1). Using the optical
light curve, the multi-epoch spectra and the near-
infrared color-color diagram, the seventh LBV of M31
are identified. More interestingly, this new LBV is
located near the south-western corner of M31 with an
unexpectedly large projection distance of 22 kpc from
the center. Follow-up observations of this special LBV
and its environment may provide vital constraints on
the evolutionary status of LBVs.

This result was published in the Astrophysical Journal
Letters (Astrophys. J. Lett.2019,894, L7).

& 1. a5k BEEE AR LAMOST J0037+4016, a) Herschel SPIRE 250 K4l 4MNE], B PGB xR~
M3l FHEMNRTETEMNE, BEIEAN LAMOST J0037+4016 ATAM & ; b) Galex 125N (NUV) B
KEG; ) DSS =@ 5 MMAFE; d) Herschel SPIRE 250 KL SNARE; e) 21 em JF ST
BARKE. MAKENEARZH K NSE a fEEERRE.

Figure 1. Images in the different bands showing the location and environment of LAMOSTJ0037+4016.
Panel a: Herschel SPIRE 250um image. The image scale is shown near the mid-bottom. The six blue circles
mark the locations of the previously known LBVs in M31. The white box of size 20" X 30’ is centred at this
newly discovered LBV. The four images on the top zoom in on the area (of the same size of the white box) of
LAMOSTJ0037+4016 in Galex NUV band (panel b); in DSS blue, red and infrared color composite image (panel
¢); in Herschel SPIRE 250um image (panel d) and in 21cm line image (panel e).
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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 was ranked A+ in the fourth
round of disciplinary evaluation by the Ministry of Education. AOS has two second-tier focal disciplines
(Meteorology and Atmospheric Physics and Environment), and two more second-tier disciplines (Climatology
and Physical Oceanography). In 1993, AOS was selected in the first group of “National Natural Science Basic
Scientific Research and Teaching Training Base — 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” . In 2019 and 2020, AOS was selected as a first-
class undergraduate program and a leading Student Training Base in Atmospheric Sciences, respectively, by the
Ministry of Education.

AOS employs a total of 28 full-time faculty members with 4 staff. Research fields within AOS include severe
weather and climate change, atmospheric physics and environment, physical oceanography, and paleoclimate and
planetary atmospheres. AOS actively pursues fundamental and cutting-edge research, promotes multidisciplinary
collaborations on the basis of independent research, and strives to become a world-leading institution in
atmospheric and oceanic sciences. In each of recent years, each faculty member received about 800,000 RMB

research funds and published 4.7 SCI papers.
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Figure 1: Transition from open ocean world to snowball
world. On the planets, white areas indicate sea ice, and
blue areas indicate open ocean.
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I. Transition from eyeball to snowball driven by sea-ice drift on tidally locked terrestrial

planets

A recent study of Dr. Jun Yang and his team revealed
that on tidally locked planets, with the effect of sea-ice
drift, the open ocean shrinks and can even disappear,
turning the planet into a snowball state, see Figure 1.
This work (Transition from eyeball to snowball driven
by sea-ice drift on tidally locked terrestrial planets)
has been published on Nature Astronomy.
More than 4000 exoplanets have been confirmed since
1992. There are about 20 planets that have similar size
and receive similar stellar radiation compared with
Earth, indicating that there may exist stable liquid
water on such planets. Liquid water is essential for all
life on Earth and is also one important criterion of the
habitability of a planet, so that these planets are called
“potentially habitable planets”. Most of the exoplanets
that have been found are orbiting around M dwarfs
which are smaller and colder than the sun, and they
are ten times closer to the host star than the Earth. As
a result, the tidal force is very strong for these planets,
so that they are likely to get tidally locked to the host
star, a situation similar to the moon or Mercury. For
1:1 tidally locked planets, one side of the planets
permanently face the host star which is called the
“permanent day side” , and the other side receives no
stellar radiation which is called the “permanent night
side”, which is similar to the orbit that the moon orbits
the Earth.
Previous studies showed that there can be an open
ocean area near the substellar point with other
regions covered by sea ice, because only the stellar
flux near the substellar point can result in a surface
temperature higher than 273 K. This open ocean is an
ideal environment for photosynthesis. However, these
studies did not seriously consider the effect of sea ice

dynamics. Using 3-dimensional coupled atmosphere-
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ocean-sea-ice-land simulations, Jun et al. show that
when sea ice drift is taken into consideration, the
open ocean near the substellar point cannot be stably
sustained. Sea ice forms on the night side and is
transported continuously to the day side by wind and
ocean currents, decreasing the surface temperature by
increasing surface albedo and absorbing heat when it
melts near the substellar point (Figure 2), and turning
the whole planets into an icy world that the whole
ocean is covered by sea ice.

Besides the effect of sea ice dynamics in shrinking
the open ocean area, this work also found that ocean
heat transport acts in the opposite way-increasing
the open ocean area. For planets with smaller stellar
radiation or lower greenhouse gas concentration, the
effect of sea ice dynamics dominates, while for planets
with lager stellar radiation or higher greenhouse

gas concentration, the effect of sea ice dynamics

dominates.
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Figure 2. Sea ice drift (arrows), heat release from sea ice
formation (yellow shading) and heat absorption from
sea ice melting (blue shading). The red dot indicates the
substellar point. The x-axis is longitude from 0 to 360 and
the y-axis is latitude from 90S to 90N.
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I1. Regional patterns of extreme rainfall sensitivity to global warming

Extreme precipitation weather can cause devastating
natural disasters such as floods and landslides, casting
great impacts on the social economy and ecological
environment. For example, in July 2010, persisting
heavy rains in northern Pakistan caused a record-
breaking flood, affecting about one-fifth of the country
area and more than 20 million populations. In China,
extreme precipitation is also one of the most damaging
meteorological disasters. Every year, economic
losses caused by heavy rains and floods account for
37% of the total losses of meteorological disasters,
and the death toll accounts for 12% of the total. In
recent years, under global warming, the occurrence
probability and intensity of extreme rainfall in many
regions of the world have increased significantly,

posing a severe challenge to society's disaster response

capabilities. The climate response to extreme rainfall
has strong regional characteristics (Figure 1), and it is
important to understand these regional characteristics
and their physical mechanisms.

Assistant Professor Ji Nie led a research group in the
Department of Atmospheric and Ocean Sciences, and
made significant advances in studying the extreme
weathers under the changing climate in recent years.
In April 2020, the research team published a research
paper entitled "Dry and moist dynamics shape regional
patterns of extreme precipitation sensitivity" on
PNAS (Proc. Natl. Acad. Sci., 2020,117, 8757-8763.).
Responses of extreme precipitation to global warming
are of great importance to society and ecosystems.
Although observations and climate projections indicate

a general intensification of extreme precipitation
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with warming on global scale, there are significant
variations on the regional scale, mainly due to
changes in the vertical motion associated with extreme
precipitation. Here, we apply Quasi-Geostrophic
diagnostics on climate-model simulations to
understand the changes in vertical motion, quantifying
the roles of dry (large-scale adiabatic flow) and moist
(small-scale convection) dynamics in shaping the
regional patterns of extreme precipitation sensitivity
(EPS). The dry component weakens in the subtropics
but strengthens in the middle and high latitudes; the
moist component accounts for the positive centers
of EPS in the low latitudes and also contributes to
the negative centers in the subtropics. A theoretical
model depicts a nonlinear relationship between
the diabatic heating feedback (e ) and precipitable
water, indicating high sensitivity of a (thus, EPS)
over climatological moist regions (Figure 2). The
model also captures the change of due to competing

effects of increases in precipitable water and dry static

(a) R=0.86, RMSD=0.92

1981-2000
% Painiiis 2081-2100
0.017 x H
aw ————+ 033
6 1-0017x H
0.013 x H

V=TT T s

Wra
o0 10 20 30 40 50 60 70 80
precipitable water (mm)

stability under global warming. Thus, the dry/moist
decomposition provides a quantitive and intuitive

explanation of the main regional features of EPS.
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Figure 1. The regional patterns of extreme precipitation
sensitivity to global warming.
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Figure 2. (a) The observational data and theoretical curves of diabatic heating feedback math well. (b) The

geographic distribution of diabatic heating feedback.
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I11. Mechanism for the Large Equatorial Seasonal Cycle during Snowball Earth Events

Yonggang Liu and collaborators propose a new
mechanism for the large equatorial seasonal cycle
during snowball earth events. The work is published
by Science Advances (Sci. Adv. 2020, 6, 2471).

Due to the weak seasonal variation of solar insolation,
the difference between monthly mean surface
temperature of the warmest and coldest months near

the equator is less than 10°C on the modern Earth.
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However, during the Late Neoproterozoic global Traditionally, seasonal cycle of surface climate is
glaciation events (i.e., snowball Earth events (Fig. attributed to the obliquity of the Earth's rotational
1), occurred twice between approximately 720-635  axis. To have large seasonal cycle near the equator,
million years ago), this temperature difference could the so-called high obliquity hypothesis proposes that
have been greater than 20°C or even 30°C. This is  the obliquity of Earth must have been very large
because large sand wedges (Fig. 2) have been found (>54°) during that time. When the obliquity is large,
near the paleo-equator in the sedimentary layer the annual mean surface temperature of the paleo-
associated with the snowball Earth events. These equator would be much lower than that near the poles.
sand wedges form in cold and dry regions, mostly in  Therefore, this hypothesis thinks that the global mean
the high-latitude region on the modern Earth. During  surface temperature was not necessarily very low, and
late autumn and early winter, surface temperature  snowball Earth events did not happen. This hypothesis
drops quickly and the ground cracks due to thermal can explain the large equatorial seasonal cycle
contraction. Wind-blown dust will then fill the crack.  represented by the sand wedges, but because it cannot
The crack will open again in the years to follow, and provide a mechanism for the returning of Earth's

eventually form a large wedge. obliquity to present-day value, its validity has been
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Figure 1. Three hypotheses for snowball Earth events: soft snowball Earth (top left; also called waterbelt Earth
or slushball Earth), hard snowball Earth (top right) and high obliquity Earth (bottom). White regions in the upper
two panels are sea-ice-covered oceans, blue regions are oceans with no ice; pinkish regions are land-ice-covered
continents. The thickness of sea ice in a hard snowball Earth is around 1000 m with a global mean surface
temperature of about -50 °C. In the high obliquity hypothesis, equatorial region is colder than polar regions; land
ice may form near the equator while the polar regions may remain ice free.
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under question for a long time. However, no other
alternative mechanism has been brought up to explain
the formation of sand wedges near the paleo-equator.

In fact, the seasonal cycle of solar insolation near
the equator is also significantly affected by the
eccentricity of the Earth's orbit. Its influence is often
ignored because the eccentricity of present-day Earth
orbit is very small. The eccentricity of Earth” s orbit
varies with time between 0.016 and 0.0679 on a
timescale of approximately 100,000 years, and can
thus be much greater than present-day value from
time to time. How this variation of eccentricity might
affect the seasonal cycle of surface temperature during
snowball Earth events was tested by Yonggang Liu
and collaborators, using a state-of-the-science climate
model. They found that the equatorial seasonal cycle
of surface temperature could indeed be greater than
30°C when the eccentricity was large, if the event was
a hard snowball Earth (i.e. top right panel of Figure 1).
Thus, their study renders the high obliquity hypothesis
completely unnecessary. Moreover, their simulations
showed that the equatorial seasonal cycle was smaller

than 20°C no matter how large the eccentricity was if

a soft snowball Earth had occurred (top left panel of
Figure 1). This is mainly because the surface was wet
and had large thermal inertia in this situation.

Yonggang Liu and collaborators further calculated
the soil intensity, stress and cracking of the ground
during snowball Earth events. Their results indicated
that the simulated seasonal cycle by the climate
model was large enough to form deep sand wedges
in a hard snowball Earth. In such extreme climate
state, the temperature was very low even near the
equator, the ground was thus brittle and apt to form
deep cracks. For soft snowball Earth, the soil was not
so brittle due to its much warmer temperature and
seasonal cycle was also weaker, deep cracks were
thus very unlikely to occur. Therefore, their study not
only provides a more reasonable mechanism for the
observed large equatorial seasonal cycle, supporting
the hard snowball Earth hypothesis, but also strongly
discouraged the other two hypotheses (soft snowball
Earth and high obliquity). It helps resolve the debate
on the intensity and severity of the glaciation during

the Neoproterozoic snowball Earth events.

2. EXREIE (REXE) NrEE. LENPBIAZEMUNEE, EHRTERE (LWRK) B
ERTEFISASRMNABTR, FETUEMZEIR (WAR) « RNDERETDUAT 3 K
PE (tbansmmafiiimEnb#) , ABEEENNTRUAR 3 KM L, TFE/NLA LTEF M.
Figure 2. Illustration of sand wedges (grey) in sedimentary layers (orange). Actual sand wedges can be distorted
into complex shapes due to ground deformation and/or water flow. Sand wedges can form within old ones (left).
Both the width and the depth of sand wedges can reach over 3 m, taking hundreds to thousands of years to form.
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Teaching Center for General Physics
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The Teaching Center for General Physics is a branch of School of Physics at Peking University. Previously, it was
called the Teaching and Research Section of the Physics Department. The main task of the Center is to supervise
all the teaching programs of general physics courses, such as mechanics, electrodynamics, thermodynamics and
optics, for the sciences major undergraduate students of Peking University. It is also responsible for organizing
seminars and arranging foreign exchange activities, which are closely related to teaching and learning. All the
members of the Teaching Center have full teaching load each semester. They are heavily involved in making
and managing the entire teaching schedule at School of Physics, too. The Teaching Center has one laboratory for
demonstration and 10 teaching groups. Each of them is led by a moderator and is dedicated to teaching a specific
subject. Their duties cover the whole Physics 01-05 series. Each year, more than 2,000 undergraduate students
take these courses. It is equivalent to a working load of 222,000 teaching units (number of students times class
hours) per year.Since its establishment, the Center has set very high standards for each course and made great
effort to achieve teaching excellence, as the Teaching and Research Section of the Physics Department did
traditionally in the old days. As far as the teaching faculties are concerned, except several full-time members,
many professors from other departments of School of Physics participate also in teaching general physics. Since
these lecturers are experienced researchers, they make their classes more interesting and illuminating to the
students. On the other hand, the Center invites also some retired teachers to be senior advisors. Therefore, each
teaching group has an ideal structure with respect to the distributions of faculty ages, specialties, professional
ranks and teaching experiences. These teams perform at very high professional levels which are compatible
with the academic stature of School of Physics at Peking University. The Teaching Center for General Physics is

dedicated to sustain such high teaching standards in future.
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I. The ETA Physical Cognitive Model And The ETA Physics Teaching Method Are

Proposed

For a long time, domestic physics teaching methods
are originated abroad, and the teaching and research
of physics have less connection than expected.
The reason is the lack of deep understanding of the
fundamental laws of the physical cognition.

In order to find the cognition laws, Liangzhu Mu, a
teacher from the Center for General Physics Teaching,
has independently studied this subject for nearly 20
years, and finally proposes the ETA physical cognitive
model. This model is composed of experimental
physical cognition (E), theoretical physical cognition
(T) and applied physical cognition (A). From the
model, physical methods and physicists’ spirits are
derived. Physical cognition, physical methods and
physicists”  spirits are the central elements of physical

culture.

Based on the model, the ETA physics teaching method
is proposed. According to the cognitive law, the
physical knowledge is reorganized into enlightening
cognitive cases. The teaching process is the same
as the research process, in which students get the
necessary scientific research training. This pedagogy
not only solves the problems of what to teach and how
to teach, but also develops a practical way to train
innovative talents for the nation.

The model and the method have been widely accepted.
More than 30 invited reports have been given in
universities and high schools for nearly 10000
audience. Four articles have been written for different
WeChat official accounts and have been read more
than 20000 times. Four related research papers have

been published.
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I1. Thermophysics and Electromagnetism were honored as national first-class

undergraduate courses

The Ministry of Education announced the list
of national first-class undergraduate courses on
November 24, 2020. The two Moocs, thermophysics
(built by Qi Ouyang, Liangzhu Mu, Yuanning Gao,
Haijun Zhang) and Electromagnetism (built by Jiajun
Wang, Liangzhu Mu, Ce Meng, Xiaolin Chen), were
selected as first-class online courses. In addition, the
offline course "Electromagnetism" led by Professor
Xiaolin Chen and Associate Professor Ce Meng was
recognized as the "Excellent Undergraduate Course"
in Beijing in 2020.

The Thermophysics Mooc not only introduces the
basic phenomena of heat and their explanations,
but also teaches the basic methods of dealing with
complex objects in physics. At the same time, it also
introduces the process of using mathematics, such

as calculus and statistical methods, to construct the
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cognitive system of thermophysics. This course aims
to train the student to obtain the scientific cognition
ability. The MOOC has been offered four times and
attracted more than 20,000 students.

As early as 2018, Electromagnetism MOOC was
recognized as the "National Excellent Online Open
Course of the Ministry of Education". Later, under the
leadership of Professor Jiajun Wang, the course team
continued to improve teaching methods and deepen
course construction. During the period of 2018-2020,
the course was widely recognized and praised, and
was once again recognized as a national first-class
undergraduate course. The MOOC has been offered
six times and attracted more than 25,000 applicants.
The Center for General Physics Teaching will continue
to promote the construction of first-class general

physics course.

EALE LI HF

Teaching Center for Experimental Physics
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The Teaching Center for Experimental Physics at Peking University is National Experimental Teaching
Demonstration Center. The center undertakes the core course teaching of National Outstanding Courses “General
Physics Experiment” and “Modern Physics Experiment” . On the basis of the above, the center constructs the
research-oriented “Comprehensive Physics Experiment” and “Frontier Physics Experiment” . At present, there

are 8 full-time faculty members (2 professors and 6 associate professors) and 7 laboratory technicians (2 senior

engineers and 5 engineers) in the center.
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I. Modern Physics Experiment recognized as the first batch of national first-class
undergraduate courses by the Ministry of Education

Modern Physics Experiment is an important

comprehensive experimental course for senior

physics majors. The main goal of this course is to

train students’ ability of observation and analysis of
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physical phenomena, and to guide them to understand
the standing of experimental physics in Physics and
to understand the process of the emergence, formation
and development of new physical concepts correctly,
and eventually to cultivate their rigorous scientific
attitude. The course has nearly 40 experiments
covering 10 fields of physics, one third of which based
on Nobel Prize-winning experiments, and one third
from scientific researches of School of Physics at
Peking University. About half of the experiments are
initiatives in China. The course faculties include bunch
of distinguished, excellent and senior professors.

In recent years, our course has been reformed and
constructed comprehensively and systematically, with
the strong support of the educational administration
department and the equipment department of Peking
University. Plenty of instruments have been built up
and improved in hardware, such as molecular beam
epitaxy equipment, scanning electron microscope,
ultra-high vacuum scanning tunneling microscope,
micro-Raman spectrometer and other equipment to
meet the need of excellent undergraduates to carry

out research experiments. New experiments have

been developed, such as the phase formation of
high temperature superconductor, Josephson effect,
nonlinear thermal convection pattern formation,
thermal noise and scattered particle noise, magneto-
optical Kerr effect, Q-switching and the optical
frequency doubling of diode-pumped solid-state
laser, which provide the solid foundation for Peking
University to cultivate excellent students as the world-
class university. In 2019, the course Principle Professor
Dr. JI Hang led the teaching group to participate in
the national first-class curriculum application work
to “strengthen the first-class undergraduate curriculum
construction and application, enhance the higher-
level, innovation and challenging of the undergraduate
curriculum” for the purpose, prepared a large number
of video, text, and picture materials, sorted out the
construction and achievements of the course over
the years, and formed the more advanced application
materials. Through evaluation and publicity for nearly
one year, the Modern Physics Experiment course of
Peking University has been recognized by the Ministry
of Education as the first batch of national-level first-

class undergraduate courses.
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I1. Selection and experimental training of national team for the international and Asian

physics Olympiad

The Teaching Center for Experimental Physics
at Peking University has been responsible for
the selection and training of the international and
Asian physics Olympiad teams from 2019 to 2020.
Five members of the Chinese international physics
Olympiad team and eight members of the Asian
physics Olympiad team were selected from among the
gold medalists in the national physics competition.
To make the students with high potential but weak
experimental conditions in high school have fair
chance, our center arranged the experimental training
for all the candidates before the experimental
selection, and used the well-prepared exam questions
to comprehensively investigate the students’ physics
experiment level, to make sure that the selected
members were the most excellent.

Affected by the COVID-19 epidemic, the 51st
international physics Olympiad (IPhO), originally
scheduled for July 2020 in Lithuania, was postponed.
In order to keep the students selected in 2020 by
various countries and regions from losing their
precious opportunities to participate, Russia had
taken the initiative to undertake the difficult tasks
of competition topics and organizations, so that
the International Distributed Physics Olympiad
(IdPh02020) could be held in many parts of the

world across 14 time zones from 8 to 15 December
2020. As the organizer of the competition in China,
School of Physics at Peking University had modified
the Siyuan Lecture Hall at the earliest time to meet
the requirements of the organizing committee, to
ensure the Chinese team successfully qualified for the
competition. Our center arranged multiple simulated
experimental exams in order to make the Chinese team
players reach their best competition status. Eventually
all five players from the Chinese team, Zhang Yifei,
Sun Rui, Li Shichang, Han Yongyan and Ouyang
Xiaoyu, won the gold medals with the outstanding
results of 50% higher scores and gained all top five. In
particular, Zhang Yifei prominently won the best total
score award, best theory award and best experiment

award for his super-excellent performance.
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Electron Microscopy Laboratory of Peking University
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Electron Microscope Laboratory (EML) of Peking University is a user facility center founded in 1964. EML
is now equipped with 12 electron microscopes, including 6 transmission electron microscopes (TEMs), 3
scanning electron microscopes (SEMs), 2 Focused Ion Beam microscopes (FIBs) and 1 Helium Ion Microscope.
There are two spherical aberration corrected TEMs for materials science, i.e., high energy resolution spherical
aberration corrected electron microscope Nion U-HERMES with energy resolution better than 4 meV, and FEI
Titan Cubed Themis transmission electron microscope (with spatial resolution up to 60 pm) that is equipped
with monochromator, double spherical aberration corrector, K2 IS camera, Bruker Super-X EDX detectors
and a few in situ TEM holders. Besides, the Zeiss ORION NanoFab He ion microscope, FEI Titan Krios cryo-
electron microscope and ThermoFisher Helios G4 UX focused ion beam system are also the most advanced
electron microscopes currently in the world. Totally, there are more than 40 large instruments more than
400,000 RMB for each. The total value of the instruments is about 150,000,000 RMB. At present, there are
11 staffs in EML, including 2 academicians of the CAS. In the staff team, there are 9 with senior professional
titles and 8 with a doctor's degree. Typically, every year, EML provides characterization services for more than

200 research groups from different departments of Peking University, including School of Physics, College of
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Chemistry and Molecular Engineering, School of Electronic Engineering and Computer science, College of
Engineering, College of Environmental Sciences and Engineering, School of Earth and Space Science, School of
Life Sciences, Academy for Advanced Interdisciplinary Studies, and Peking University Health Science Center.
Every year around 300 people get trained in the EML, and after systematic training they can operate the electron
microscopes independently. For the advanced users, all the instruments are available for 24 hours in 365 days.
Generally, there are more than 200 Research Fund Projects and hundreds of publications supported by the EML
every year. Besides the scientific research, EML has also been developing home-made instruments, including
electron beam lithography system and cathode fluorescence systems, which have already been on active service
in the EML.
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I. Direct Observation of Highly Confined Phonon Polaritons In Suspended Monolayer

Hexagonal Boron Nitride

Phonon polaritons are guided wave modes that
propagate at the surface of materials, which can
confine and manipulate light at deep subwavelength
scales. Hyperbolic phonon polaritons (HPhPs) in
two-dimensional (2D) van der Waals materials, such
as hexagonal boron nitride (h-BN), can be used to
confine and manipulate light at deep subwavelength
nanoscales, where they find important applications
in subdiffraction imaging, surface-enhanced infrared
spectroscopy, nanoscale lasing and integrated
optical circuits, among other applications. HPhPs in
monolayer h-BN are theoretically expected to reach
ultrahigh confinement and ultralow loss.

However, a quantitative measurement of the pristine
HPhPs in monolayer h-BN still remains elusive due
to the large light—polariton wave vector mismatch,
as well as the effects of the supporting substrate.
The measured HPhP frequency by optical methods
was much lower than the theoretically calculated
transverse optical (TO) phonon frequency in free-

standing monolayer h-BN. Nevertheless, the
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momentum transfer provided by swift electrons
(>10° cm™) is nearly a thousand times larger than
that of optical methods (~10° cm™), which can excite
and detect phonon polaritons in monolayer h-BN.
Using such a STEM-EELS technique, the research
team in Peking University experimentally measured
HPhPs in suspended monolayer h-BN and in sub-
10-nm-thick h-BN flakes covering nearly the whole
upper RS band. They find HPhPs in monolayer
h-BN exhibit ultrahigh confinement (>487 times
smaller wavelength relative to the wavelength of
light in free space) and ultraslow group velocity
(~107 ¢). This work experimentally demonstrates
the existence of high-quality HPhPs when the RS
band disappears in monolayer h-BN, thus providing
useful insights for the design of optical integrated
circuits and sensing and spontaneous emission
engineering with enhanced light-matter interactions.
This work has been published in Nature Materials
(Nat. Mater. 2021, 20, 43).
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Figure 1. The 30 kV electron beam lithography system established by Electron Microscopic Laboratory.
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Figure 2. Using the electron beam lithography system, line structures(left) and lattice structures(right) has been processed by

direct writing.
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I1. Electron Microscopic Laboratory: Instrument research and development briefing

Electron Microscopic Laboratory, School of
Physics, Peking University has been developing
various scientific instruments. With the support of
the Ministry of Science and Technology of China,
the National Natural Science Foundation and
projects of Guangdong Province, the laboratory
has made important progress in the development
of electron beam lithography system and cathode
fluorescence system, which have been gradually on
active service in Peking University.

Electron beam lithography system is an important
tool in micro-nano fabrication. Electron Microscopic
Laboratory participates in the Key Field Research
and Development Project of Guangdong Province
(2018B030327001), undertaking the tasks
of electron beam vector scanning generator,
precision laser interferometer sample station
and sample chamber. For now, a 30 kV electron
beam lithography system has been successfully

established, and the application testing of electron

beam lithography has been carried out. Besides, the

electron beam vector scanning system developed by
Electron Microscopic Laboratory has achieved 50
nm linewidth, which can process complex graphics,
as well as stitch multiple writing fields, thus
supposed to play important roles in nanotechnology.
Cathodic fluorescence system that uses focused
electron beam to scan the surface of the studied
material to collect the fluorescence intensity and
spectral signal with high spatial resolution, can probe
the optical and photoelectric properties of materials at
micro/nano scale. The cathode fluorescence imaging
system developed by Electron Microscopic Laboratory
has achieved a uniform imaging field of nearly 1
mm, which has advantages in semiconductor defect
detection and geological luminescent sample imaging,
etc. The system is now open to the university. The
cathodic fluorescence spectrum detection system can
realize the spatial resolution detection of fluorescence
spectrum from deep ultraviolet to near infrared bands,
and has application value in the fields of micro-nano

luminescent materials and devices, nano optics, etc.
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Figure 3. Study of geological zircons and quartzite samples using the cathode fluorescence imaging system(left).
Analysis of fluorescence spectra of deep ultraviolet emitting devices by using the cathode fluorescence

spectroscopy detection system at nanoscale (right).
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International Center for Quantum Materials
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The International Center for Quantum Materials (ICQM) was established in 2010 as a major initiative of Peking
University, aiming to create a new type of platform for research and education. ICQM has since been committed
to perform cutting-edge research at the frontiers of condensed matter physics and quantum materials, to create an
innovative academic environment, and to establish a world-class plateform for physics research and education.
As an innovative plateform for science and technology, ICQM has been devoting a great effort to recruit
internationally-renowned scientists as well as excellent young researchers, and to provide first-class infrastructure
and dynamical scientific environment for basic research. Located in Beijing and amid the fast socioeconomic
transformation of China, ICQM endeavors to implement a new academic structure that is based on two major
components: independent principle investigator system and tenure appraisal system. As of December 2019, the
ICQM faculty members consist of 4 Chair Professors, 9 tenured Full Professors, 8 tenured Associated Professors,
and 8 tenure-track Assistant Professors. Among the senior researchers there are 1 Nobel Laureate, 2 Member of
Chinese Academy of Sciences, and 6 Fellows of American Physical Society.

ICQM provides solid training and great research opportunities for young scientists, including postdoctoral
researchers and graduate students from both domestic and foreign institutions. In the past a few years, ICQM has
hosted 66 postdocs with several of them making important achievements in their research fields. 175 students
are currently enrolled in the ICQM graduate program. The ICQM graduate students are typically graduates from
top Chinese universities with exceptional academic performances. The students at ICQM are provided with an
active scientific environment to explore a wide-range of frontier research topics through a rich array of academic
activities, such as seminars, lectures and summer schools.

The research at ICQM is organized into 6 divisions according to research interest and expertise, namely

e [ow temperature and quantum transport experiments;

e Spintronics and low-dimensional magnetism experiments;

e High-resolution Spectroscopy experiments;

o AMO experiment and precision measurement;

Theoretical condensed matter physics;

e Computational physics.

Topics of current research activities include quantum transport, strongly-correlated electron systems, low-
dimensional quantum systems, topological effects in condensed matter physics, mesoscopic superconducting
systems, spintronics, advanced scanning tunneling microscopy, ultra-fast spectroscopy, neutron spectroscopy,

ultra-cold atoms, computational simulations for quantum materials, surface dynamics, water behaviors under
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confinement, and soft matters materials, etc. [CQM consists of 17 experimental laboratories, a public supporting
laboratory for physical property measurement, a shared nanofab facility, and a helium center. The PKU Daniel
Chee Tsui laboratory is affiliated to ICQM, which works on extremely low temperature physics.

By December 2020 since the establishment of the center in 2010, ICQM has published more than 1200 SCI
papers, many of which were published in the most influential scientific journals in the world, such as Science,
Nature series journals, Physical Review Letters, etc. The research funding received by ICQM faculty members
from Chinese research funding agencies has almost reached 400 million RMB. ICQM members have garnered
many national and international awards, such as the ACCMS Award, Ho Leung Ho Lee prize, OCPA AAA-Poe
Prize, State Natural Science Award, Advanced Materials Laureate, etc.

In order to promote international academic exchanges and collaborations, collaboration agreements have been
reached between ICQM and world-renowned institutions, such as the Rice University, University of Texas
at Austin, and Pennsylvania State University. Incoming graduate students may take the advantage of such
collaboration programs to work at different places and obtain Dual Degree Ph.D. in Physics. In addition, ICQM

has been visited by more than 100 scientists annually through various capacities.
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Figure 1. Experimental setup, detailed AFM images of 2D bilayer ice and the corresponding structural model.
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BOMANSIRRTHEMGEER (B ,
RF R PEmie s 7 “HKNERNLE, HES
TEERER 7 EIRAFRAERTS (B2) , X
UESE Y —#KNESLFE. MTAARIEREPHER
B T4k R 4K LA, I RBRTS
RHEANZHKL . ZHEKNEARET —H
ZERAMINABREGINR, FRTHRR LK
RIERFIBKRTT, AKEREMZREME THORS
MAEKEHR T 2FNER.

Z TYEPL “Atomic imaging of the edge structure
and growth of a two-dimensional hexagonal ice” 24 &
F2020F 1 B2 HEAFZRTF «B%» (Nature 2020,
577,60) , SEENIERNSEITN, # «<BA
SR—y . KEYESS PEER . XE
Bl 4 # < EurekAlert. 2 [F Science Daily. «F}
F\iky « «PERZEY . RIFARY F4+Z
MERSNAT SR RART 2 TR IR E .

I. Experimental verification of the existence of two-dimensional ice

Water ices are ubiquitous in nature. The structure
and growth of ice play critical roles in an incredibly
broad spectrum of materials science, tribology,
biology, atmospheric science. For nearly 100
years, enormous experiments and theoretical
calculations have led to the discovery of eighteen
three-dimensional crystalline phases, among which
the hexagonal ice (Ice Th) is the most common
ice. However, whether the ice can exist at two
dimensions (2D) has been under longstanding
debate. The teams led by Prof. Ying Jiang, Prof.
Limei Xu and Prof. Enge Wang of International
Center for Quantum Materials (ICQM) of Peking
University, in collaboration with Prof. Xiao Cheng
Zeng of Department of Physics of University
of Nebraska-Lincoln, revealed the structure and
growth processes of a genuine 2D ice with an
atomic resolution. This research group has achieved
the following major scientific breakthroughs and
discoveries:

(1)By carefully tuning the temperature and water
pressure, a single-crystal 2D ice can be grown on
Au(111), and fully wets the surface with a thickness
of around 2.5 A, corresponding to two water

overlayers.
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(2)With the non-invasive atomic force microscopy
(AFM), the details of 2D ice can be revealed with
submolecular resolution. The atomic-scale images
combined with density functional theory (DFT)
calculations reveal that the 2D ice corresponds to
an interlocked bilayer-ice structure. It is the first
genuine 2D ice confirmed by theory and experiment,
i.e., named 2D ice I (Figure 1).

(3)To understand the ice growth mechanism, the
AFM was employed to image edges of the 2D ice
island. It contains the original zigzag edge and
reconstructed armchair edge. Combining with DFT
calculations and molecular dynamics simulations,
very distinct ice growth behaviors were found,
namely "collective bridging mode" for zigzag edge
and "local seeding mode" for armchair edge (Figure
2).

This work, entitled "Atomic imaging of edge
structure and growth of a two-dimensional
hexagonal ice", is published in Nature on January
2, 2020 (Nature 2020, 577, 60) . It is the first
experiment to yield the atomic-scale information of
2D ice growth in real space, which may renovate
our conventional understanding of the formation

and melting of low-dimensional ices on surfaces.

Technologically, the 2D ices also have many
potential applications. For example, the 2D ice on
the surface can promote or inhibit the formation
of 3D ice, which may provide a new guide for

designing anti-icing materials. As all H bonds of

water molecules in the 2D ice are saturated, the
interaction with the surface is minimal. Such a
property can lead to super-lubrication and be used

to reduce friction between materials.

B2 ZHKEUIRIARE B REKFERRD RN BT EKILE

Figure 2. Proposed growing process for zigzag and armchair edges.
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AWNREN, THIMFRREN T BRBXLL
SRthRA, BETRNELENNSHEEXN T
LR ERAN LT T BB, X2 AR
REEBSH—1MXRERAK. £ YBCOFERH,
R R B R SRR R B s siie, WM EIRE

MRARN BES—EEEETINEESES
A, T2019F 12 B 20 HAFR T «FBl=» (Science
2019, 366, 1505) . X—EBEZLIMREZ] T EPR
SZARAWTZKF, HESBEERIREEXEF
T3 7k 2 Philip W, Phillips Z38 % <RIy E I

II. The demonstration of two-dimensional anomalous metallic state in high-temperature
superconducting systems

The 2015 Oliver E. Buckley prize (the most Prof. Jian Wang at Peking University, in
important prize in condensed matter physics) collaboration with Prof. Yanrong Li, Prof. Jie Xiong

was awarded to four American scientists for at University of Electronic Science and Technology

BTRERIBA, BREACESK, BERBE, &MR ‘AREH HESEREHET ATLEK WS
R MEENNE FIRHEZMLWUEYE, WESE (Perspective) XESENN T X—EZIT(E, ¥
TRESBESHGELE. AT ERTSRBSHR, BHIBAMNIEES “FARFNER, HEF
REEBSHANREESE K, X—REZRBY TMWREE—FFFHE" (Science 2019, 366, 1450).
ZHIIRE. EIENHNEFIRGEIRARERIE  EERZF B+ B8 18 K % Steven A. Kivelson #{
LXTREEBSNHERTARE T, RESETH BE CBRESYIESTIELEY (Journal Club for
MAREEE. ZLEAERLSFR T =T2FH Condensed Matter Physics) A& IFILERE R
RESBSNGFER®TBEONILE, ¥AWRR EBLSBEHIESL “WEFMHRNEREBEMMENE
BERBSRMTHEE. ZEX .

1. 28555 (YBCO) XL EEPNEFHLEERTFEZRES. (A) BZILANKE (AAO) &R
ThZ) %l & YBCO K ZFLEEMN T ZREE. (B) YBCO HX LI EEAEES (SEM) ER. (C)
YBCO WX ZfERANJLTEMRER. (D) RNEZIRES[E T YBCO 4K % L E AR A B BE X R E A
KAR. BEZRKEAIEMN, FRRETEFBRENBS - RESE - B5AEAT. B) REEZESER
MBS ERENEEh%. ATROETEBEMNBMTANETERBSHFHE. F) REZESHN#ESEY
MiR%, BT REERSHNER T A EREX .

Figure 1. The quantum phase transition and anomalous metal in nanopore modulated YBCO thin films. (A)
Ilustration of the fabricating process of nanopore modulated YBCO thin films by reactive ion etching through
AAO mask. (B) The scanning electron microscope (SEM) image of nanopatterned YBCO films. (C) Illustration
of the nanopatterned YBCO films (D) Temperature dependence of resistance for the nanopatterned YBCO films
for different etching times. With increasing etching time, the films undergo a disorder-induced superconductor-
anomalous metal-insulator transition. (E) The temperature dependence of resistance of the films in
superconducting state and anomalous metallic state. The resistance saturation with decreasing temperature in the
low temperature regime is the main characteristic of anomalous metallic state. (F) Magnetoconductance periodic
oscillations of an anomalous metallic state film, revealing that the charge carriers of the anomalous metallic state
are Cooper pairs (bosons).
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their discovery and pioneer investigations of the
superconductor-insulator transition (SIT) in two-
dimensional (2D) superconducting systems, a
paradigm of quantum phase transitions. The
quantum phase transition is a continuous transition
at absolute zero temperature from one ground state
to another tuned by a non-thermal parameter (e.g.
disorder, magnetic field or gate voltage). In the
SIT, theoretically there are two ground states, the
superconducting and insulating states. More than
thirty years ago, scientists found new physical
characteristics of thin films at ultralow temperatures
when studying the SIT. With decreasing
temperature, the resistance of the films drops rapidly
and then saturates to a small constant, similar to the
metallic behavior (named anomalous metallic state).
Possible signature of this “anomalous metallic
state” has been widely observed in various 2D
superconductors over the past thirty years, which
may indicate another quantum ground state (the
anomalous metallic state or quantum metallic state).
However, recent experiments indicate that there
might be serious problems in the aforementioned
observations of the anomalous metallic state. It is
reported that the “anomlous metallic state” with
finite resistance at low temperatures becomes
superconducting state with zero resistance in both
crystalline and amorphous superconducting films
when the high frequency noise is filtered in the
measurements. Therefore, whether two-dimensional
anomalous metallic state can exist is a controversial

issue and a frontier topic in Physics.

of China and Prof. James M. Valles Jr. at Brown
University, demonstrated the existence of anomalous
metallic state in macroscopic high-temperature
superconducting YBCO thin films patterned with
an array of holes. The superconducting critical
temperature of the 2D YBCO films is around 80
K. The relatively high critical temperature and
macroscale significantly increase the stability of the
superconducting system and reduce the influence of
external noise. A control experiment indicates that
whether filtering the high frequency noise or not,
the experimental results remain almost the same,
which is a key to detect anomalous metallic state.
By performing systematic transport measurements,
resistance saturation at low temperatures, zero Hall
resistance, large magnetoresistance, linear voltage-
current characteristic and quantum oscilations of
Cooper pairs are simultaniously detected in the
YBCO thin films, demonstrating the existence
of anomalous metallic state. Because of high
superconducting critical temperature, the anomalous
metallic state appears at 5K, much higher than that
in previous works. The quantum oscillations of
Cooper pairs for the first time demonstrate that the
charge carriers of the anomalous metallic state are
Cooper pairs (bosons). Thus, the anomalous metal
can also be called Bose metal. This work not only
provides solid evidence of anomalous metallic
state, which is under intensive debate for over thirty
years around the world, but also paves a new way
for further investigating the origin of anomalous

metallic ground state.
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The paper entiled “Intermediate bosonic metallic
state in the superconductor-insulator transition”

was published in Science on December 20, 2019
(Science 2019, 366, 1505). Prof. Philip W. Phillips
at University of Illinois published a perspective
paper in Science (Science 2019, 366, 1450) with a
title of “Free at last: Bose metal uncaged”. He spoke

highly of this work by saying that “the teasing is

=, &R =R RE R O R AR AL

BARFASEHFRE 2R T SN _4%
HINAENE FENMR, AMEZRAEFINIEH
EKAEEBHE. —PXREREET, BRRF
YR K EDUR = BT BRI =4
Y1, MEETEE. ZHIFIMES. ARFTH
FENNARSIFEF ARS8 T GRIERN,
XEFRAERVSRFHN_HEEL, ME=1H
EEMRGPHEE MM EERBREN. b, EH&
WINESSTT, A THRNIAEIET, ILARFMERT
7, RERBRARMNEFHEREFHRER
MFMR () BhethsEE (spin texture) .
FHEESHGEEEN BN EEERS S,
QBTN TR _gxE LaEkis . Fit,
HENBEARFHRELUASLLE EWN =4
IR

XERBEE GEEAEREY LRYE 7T —ME
RN=HIRFH e HIREAR, FALBEARFEMINE
REFRFHAIIM =44 (nodal line) F&EIRFH
BET AL MM . TIERFRT 2019 1 «BA Y
Iy (Nat. Phys. 2019, 15, 911) . XTI\ = 4 3HFME
MARERTF—AXEBELWIREM (NHEEE
BhE) N-HRETHRR, BERABBUT. AT
R, TR =HETREFAE LEHEHNZ
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over. Bosons can exist as a metal.” Prof. Steven
A. Kivelson at Stanford University gave high
evaluation on this work and wrote a commentary
in Journal Club for Condensed Matter Physics. In
the commentary, Prof. Kivelson pointed out that

“this conclusion (the demonstration of anomalous
metallic state) is of fundamental importance for our

understanding of quantum materials.”

HXFE, FARKR T NNRE LNERS T, YA
EFTUHMEMENERREIHHEERE. B
i, AR ENEEUN 2 LB NE
BT Z4NRE LN EkRES. #—F, BLER
EFHRANSY, FEERPHNZENREAXNFIR
HMAENFY, RABSZEINHH. W, wid—
RANSHIAREN _ENE, LN EN =4
BIEEMMRAFWM .. EFXNAE, MiFE
L, BHEMAIEREBIEZ ATIREN =S %%
WMINFERE, HEUNZRG=EETRIMIT L
FIEFBXL o

XTI TR IR = 4R e AR 7
BB ZNERAN, SETOUREWMEEIIRE.
FEEXNFRME HEAELSSIRFE (BFBEENKR
) N=%R%E. IMIIEHS T RRTFHa%
ARG NERANER, ARRFHSERIMIEN
WIRFTRE 7 #EEs. LHFBERL, WERHHA—
FERETXIHRNARE, <FHEFRZFY  (Sci Bull
2020, 65,2080) , FHPERKKFEEERET
BRRFIU T =H#&KEEINREEBETHR
M «RBl=£»  (Science 2021, 372, 271-276) . X &
BRI B — T R

ITI. Quantum Simulation of 3D Topological Matter with Ultracold Atoms

Complex topological matter has become the focus of
both academic and industrial research because it is seen
as a way to pave the way to making information and
computation devices more noise free and robust. Exploring
the topological quantum states with quantum simulators
like ultracold atoms can enable the precise studies of every
aspect of the exotic states, and broaden the understanding
of the fundamental phases of nature. For this the quantum
simulation of 1D and 2D topological phases has been widely
explored in ultracold atoms. Nevertheless, little progress
was made toward the study of 3D topological states for
ultracold atoms, since it is hard to characterize and resolve
3D topological physics based on the conventional schemes
of detection in experiment.

Physicists from Peking University (PKU) and the Hong
Kong University of Science and Technology (HKUST)
have proposed and successfully realized for the first time a
3D simulation of topological matter consisting of ultracold
atoms. The proposed and realized a technique called virtue-
slicing imaging to reconstruct and characterize the 3D band
topology in atomic systems. This breakthrough also paves
an opening to further examining new topological matter that
cannot be well realized in solids. Such never-before-done
engineering artificial material with ultracold atoms may
allow physicist to model unusual phases of matter.

This work was led by Xiong-Jun Liu, a Professor from the
School of Physics at PKU, and Gyu-Boong Jo, an Associate
Professor from the Department of Physics at HKUST.
They created an artificial crystal lattice structure, which
was previously proposed by the PKU group, to model
ultracold atoms prepared at 30 billionths of a degree above
absolute zero. This new synthetic quantum matter is a 3D
spin-orbit coupled nodal-line topological semimetal, which
exhibits an emergent magnetic group symmetry. With such
emergent symmetry the researchers proved in theory that
the 3D band topology can be resolved by only imaging 2D

spin patterns on the parameter-tuned symmetric planes, and
further successfully observed the 3D topological semimetal
in experiment. The detection technique proposed and used
here can be generally applied to exploring all 3D topological
states of similar symmetries when those become available.
This work signifies a breakthrough progress for quantum
simulation with ultracold atoms. In particular, the technique
reported in the work enables the experimental investigation
and observation of nontrivial phases of all physical
dimensions, including various insulating, semimetal, and
superfluid phases with nontrivial topology in ultracold
atoms. As result, this development expands the ability to
explore complex topological matter in 3D, and will open up
a promising avenue for quantum simulation with ultracold
atoms.

The research was recently published online in Nature
Physics(Nat. Phys. 2019, 15, 911).
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Figure 1. a Sketch of the realization of 3D nodal line
semimetal. b The 2D band with Dirac points for fixed The
Dirac points extending along direction form nodal lines.
¢ The reconstruction of 3D band topology from virtue-
slicing imaging technique. d The topological nodal lines.
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The Kavli Institute for Astronomy and Astrophysics

BB R SREDEMRFTRIERKFEMEE Kavli EESH1ETF 2006 £ 6 A HY, FHF 2007
FHEERZT. WRABNDTERE—NEGF—ANAXEXREDERRP O, TERHNERARET,
FREEAXEYESEHNEMBR, UINEATHEES . WRARRS RSN KA IET R
B , FFEMF BINEE , BREARE, FREMEBELE. ERXEDTATTSMERSW, HITR—
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HRFIEFK AT W, BIATIKA RF 5. Gregory J. Herczeg, AN ABRE L. EFRRIFHIEZE
ASHEEZAGED. EXTN FRAOMBFERSEIARHEES. BEScEREOIERRERKRET
B, MEEMRANEREZT. HRMBUTHEIE | L F AIHRIF 10 5 FF ATt IAEE, 2 AR
I AA HERITMNEZF 1 BH TR CFRAEAT . ARMERXZREGERY, AREE,
RELZ  BEFRBEMAMASETR. EERNFRAMATRCENEESER, MRATERE 25 1
T, 435 (iS5, ZAOAEFEEM S AITEAR.

The Kavli Institute for Astronomy and Astrophysics (KIAA) is an international center of excellence in
astronomy and astrophysics jointly supported by Peking University and the Kavli Foundation, USA. The KIAA
has promoted basic astrophysical research at the frontiers of observational and theoretical fields since start of
operations in 2007, with a mission that includes training of undergraduate and graduate students and postdoctoral
fellows. The program of KIAA focuses on four major areas of astrophysics: 1) observational cosmology, galaxy
formation and evolution; 2) star formation, stellar and planetary systems; 3) gravitational and high-energy
astrophysics; and 4) computational astrophysics. In November of 2020, the KIAA-based Chinese Space Station
Telescope PKU Science Center was formally inaugurated.

In addition to supporting scientific excellence, KIAA also serves as an interface between the Chinese and
international astronomy communities; 20% of the full-time faculty and 50% of the postdoctoral researchers
are foreigners, in addition to regular visitors and partnerships between PKU astronomy and a wide network
of universities and astronomy centers in China and abroad. KIAA regularly sponsors thematic workshops,
conferences, and a range of other academic activities to facilitate scientific exchanges with the domestic and
international astronomy community.

The Institute is under the leadership of its Director Luis C. Ho, Associate Directors Xue-Bing Wu and Gregory

J. Herczeg, and coordinator Jiansheng Chen. An international Science Advisory Committee provides guidance
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concerning proposed academic activities, assistance on major projects to set research directions, and review of
new faculty appointments. A Governing Board, which reports to the President of Peking University, oversees
the management and operations of the Institute. KIAA faculty includes a thousand-talent program scholar, ten
youth thousand-talent program awardees, two MOST innovative talent promotion program awardees, and a ten-
thousand program innovative talent program awardee. KIAA works closely with the Department of Astronomy,
via coordination of research activities, sharing of research facilities and resources, training and supervising of
students, and joint participation in the routine operations of the Institute. Together with several joint appointments
with the Department of Astronomy and other institutions, KIAA currently has 25 professors, approximately 35

postdoctoral fellows, many visiting scholars, and five administrative staff members.
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Figure 1. The polarisation diversity of FRB 180301 detected by FAST.
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XA RERAER IR BRANEM. 1%
METF 2020 F 10 B 28 HA R T «BA>» (Nature
2020, 586, 693) .

A FAST BUXL N5 AR SR 5 BB | E 5 ™ A4
FHER, BREEPOCXREMIEARM. 2020 F 4
A28H, EfRLtREHBERRR LI T —F
RSB EHE (FRB200428) , FHH#PIAHKBHRTR
W IEAN FIE R R4 2 SGR J1935+2154, 7£ FAST

BWERE), MERMEH 29 > X HEREL, =
RAAMESEBEEN NG BEEPH T X8
MEM T EES. FAST FIUNN k2 RS B iR 5
ST HESRMENRERT, FERPARRIS
EE5MESHELANBXMETS. ZERT IR
HERERTHMENHEAHARSGH TEBTRHR
FIFNHESEA . 1ZRT 2020 F 11 5 4 BARKRT
«B%k» (Nature 2020, 687, 63) .

I. Nail down the radiation mechanism of fast radio bursts

Fast radio bursts (FRBs) are the cosmological
radio bursts, which occur randomly. The energy
of radio waves radiated in a few milliseconds
surpasses tens-of-billion-year world total
electricity final consumption. The key questions
are, what is the radiation mechanism of radio
waves from the FRBs, and what are the sources
of FRB?

In astronomical context, the coherent radiation
may come from magnetosphere or interaction of
relativistic shock waves. In 2019, Kejia Lee’ s
research team and collaborators monitored FRB
180301 using Five-hundred-meter spherical
radio telescope (FAST). Fifteen bursts were
detected, and 7 of them manifest a diversity
in polarization properties (Figure 1). The
observation supports the magnetospheric origin,
and disfavors the propagation-like models. The
study (published by Nature on 28th Oct. 2020;
Nature, 2020, 586, 693) had firstly identified
the magnetosphere being the birth place of
FRBs.

Although FAST observation indicated that the
FRBs were generated inside magnetosphere,

the exact type of central objects were still
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unknown. 28th April 2020, two international
radio telescopes independently identify FRB
200428 coming from an active magnetar in the
Milkyway, SGR J1935+2154. During FAST
observation, 29 X-ray bursts were recorded
with high energy instruments, yet, Kejia Lee” s
research team and collaborators detected no
radio pulsation using FAST. This provided
the most stringent upper limits for the flux of
radio pulse from SGR J1935+2154 in its active
window. It shows that the correlation between
FRB and high energy activities is rather weak.
The study (published on 4th Nov. 2020, Nature
287, 63) constrains the FRB radiation theory
and project the questions for FRB trigger

mechanism.

L EHEUESE 134 /OB AR iR T R A
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»  (Nat. Astron. 2021, 5,256) #0 (Nat. Astron. 2021, 5,
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Figure 1. An artist” s conception of the most distant galaxy
with a Gamma-ray burst (credit: Jingchuan Yu).
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Figure 2. Part of the 2D and 1D spectra of GN-z11,
indicating its redshift of 10.957. Panels b and d show
the smoothed version of the spectra in panels a and c.
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II. Spectroscopic confirmation of the furthest galaxy 13.4 billion light-years away

An international team of astronomers, led by
Linhua Jiang at the Kavli Institute for Astronomy
and Astrophysics, obtained near-infrared spectra
and successfully measured the redshift of a faint
galaxy 13.4 billion light-years away, the most distant
astrophysical object known to date. Meanwhile, the
team also detected a burst signal with a duration of
minutes from the galaxy, which can be explained as
an ultraviolet flash associated with a gamma-ray burst
(GRB). These results are important to understand
the formation of stars and galaxies in the very early
Universe (Figure 1). Two papers based on the results
were published in Nature Astronomy on Dec 14, 2020
(Nat. Astron. 2021, 5, 256; Nat. Astron. 2021, 5,
262).
Based on the current theory and cosmological
simulations, the first stars formed about 150 million
years after the Big Bang, and the first galaxies formed
roughly 100 million years later. This is also the epoch
when the seeds of the first supermassive black holes
started to form and grow. These astrophysical objects
gradually re-ionized the Universe. This “cosmic
reionization” lasted several hundred million years and
represents one of the most important phase transitions
of the Universe. One of the main scientific goals
of the next generation telescopes is to understand
reionization and detect light from the first objects. But
for current astronomical facilities, it is very difficult
to detect optical/infrared spectra from such distant
galaxies.
Using the 10m Keck I telescope, Jiang~ s team carried
out deep spectroscopic observations of the galaxy
“GN-z11” in the near-infrared. Based on the existing
data, GN-z11 is generally believed to be a very

distant galaxy at a redshift around 11, or at least
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greater than 10. But its accurate redshift has remained
unclear. From the spectra obtained from Keck, the
team detected three emission lines from GN-z11 and
determined a redshift 10.957, meaning that GN-z11
is a galaxy with a distance of 13.4 billion light-years
(Figure 2), when the Universe was only 400 million
years old. This is the most distant astrophysical object
known to date. The three emission lines are produced
by gas with doubly ionized carbon and oxygen,
suggesting a high metal abundance (elements other
than hydrogen and helium) in this galaxy. It further
means that GN-z11 is not one of the first-generation
galaxies, which would contain almost no metals.
During their observations on Keck, the team members
also serendipitously caught a bright flash from GN-
z11. This flash showed up as a compact continuum
spectrum in one image with a duration shorter than
3 minutes. The spectrum exhibits prominent telluric
absorption features, indicating that it arose from above
the atmosphere. The team members performed a
comprehensive analysis of the origin of the flash, and
ruled out the possibility that the flash was from any
known sources such as man-made satellites or moving
objects in the Solar system. They concluded that GN-
z11-flash was likely produced by a GRB in GN-z11, as
the spectrum, brightness, and duration of the flash are
consistent with such an interpretation. This result may
imply that GRBs can be largely produced as early as
400 million years after the Big Bang.

The above results have opened a new window to study
the earliest objects in the Universe. They also suggest
that the largest telescopes currently available are
capable of detecting spectra from some of the furthest

galaxies.
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Figure 1. An Artist Depiction of Gravitational
Microlensing (Image Credits: ESO)

II1. When the Stars Align — the First Resolved Microlensed Images

Using the GRAVITY instrument on The Very Large
Telescope Interferometer (VLTI) of European Southern
Observatory (ESO), an international team led by
Professor Subo Dong (Kavli Institute for Astronomy
and Astrophysics, Peking University) have resolved
the two images of a microlensed source star for the
first time, more than a century after Einstein first
predicted that such image splitting could be caused by
the gravity of another (lens) star along the line of sight
to the source. This detection fills in the key missing
ingredient that yields the mass and distance of the lens

star. This technique could be applied in the future to
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measure the mass of isolated stellar-mass black holes,
whose definitive detections have so far remained
elusive.

The result is published in the Astrophysical Journal
(Astrophys. J.2019,871,70). The following essay
describing the research is published in the ESO
Messenger (Msngr, 2019, 178, 45).

In 1936, after persistent prodding by the amateur
scientist Rudi Mandl, Albert Einstein reluctantly
published the idea of gravitational microlensing
(Einstein, 1936), which was “a little calculation” he

had carried out 24 years earlier. According to general

relativity, when an object (i.e., a lens) aligns closely
with a background star (i.e., a source) along the line of
sight of the observer, the light rays from the source are
bent when passing by the lens and subsequently form
images. In the ideal case of perfect alignment, the bent
light rays form a ring-like image (called the Einstein
ring); more typically, there are two arc-shaped images
with a separation on the scale of the Einstein ring. For
microlensing in the Galaxy, the angular radius of the
Einstein ring (the angular Einstein radius) is on the
order of only a milliarcsecond.

Einstein” s reluctance to publish was because he saw
little in the way of observational prospects; he asserted
that “there is no hope of observing this phenomenon

directly” . He had two reasons for thinking this, both
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of which relate to the minuscule angular size of the
Einstein ring. First, for microlensing to occur, two
stars need to align within the Einstein ring, and the
probability of this is tiny, no greater than one in a
million towards any star in the Galaxy. Second, he
anticipated that no instruments could resolve the
images, and thus the only observable effect would be
the brightening of the source.

Since 1993, armed with wide-field telescopes and
CCD cameras, time-domain surveys have vastly
exceeded Einstein’ s pessimistic expectation and
found tens of thousands of microlensing events so
far by photometrically monitoring almost a billion
stars in dense stellar fields (primarily the Galactic

bulge). During these events, the brightness of the
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Figure 2. Left: Light curves of the microlensing event TCP J0524+2447, showing how its brightness changes
as function of time (in the units of day). Right: Microlensing model (in the units of milliarcsecond). The two
red dots are the major and minor images — the sizes of the dots do not represent the actual apparent sizes of the
images, but rather an indication of their respective fluxes. The “x” symbol is where the unlensed source would be
(labelled “S™). The blue dot is the lens position with its flux, and the blue dashed circle is its Einstein ring. Flux is

expressed in fractions of unlensed source flux.
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source usually varies over a few weeks as the lens star
moves with a relative proper motion of several milli-
arcseconds per year. Microlensing events have yielded
rich astrophysical results, including the discovery of
nearly a hundred extrasolar planets.

It was not until November 2017 that microlensed
images were successfully resolved for the first time
(Dong et al., 2019), defying Einstein” s dismissal. Our
team achieved this by observing the microlensing
event TCP J05074264+2447555 (hereafter “TCP
J0507+2447” for brevity) with the GRAVITY
instrument (GRAVITY Collaboration, 2017) on the
Very Large Telescope Interferometer (VLTI). Our
observations allow us to measure the angular Einstein
radius at 2% precision: 1.87 + 0.03 milliarcseconds
(see Figure 1). Interferometric resolution of images
can unleash microlensing’ s unique potential to find
isolated stellar-mass black holes (BHs) lurking in the
Galaxy by lifting the degeneracy between mass and
distance in the analysis of microlensing light curves.
LIGO/VIRGO’ s astonishing discoveries of merging
BHs (Abbott et al., 2016) have raised an important
open question: how to form BHs with a few tens
of solar masses? Whether they are the end points
of massive stars or have exotic origins in the early
universe, theories predict that isolated (single) BHs
must exist. The relative frequency between the single
and binary BH populations can provide crucial clues
to the formation mechanism. However, limited by the
detection techniques, all known stellar-mass BHs are
found in binaries.

Microlensing holds great promise in probing the
important yet uncharted parameter space of isolated
BHs. Estimates by Gould (2000) suggest that, amongst
the microlensing events detected to date, many
hundreds may involve BH lenses. But thus far only
a few BH candidates have been reported. This is due

to the mass-distance-velocity parameter degeneracy,

90 4E4R | Bi-annual Report

which makes it impossible to definitively distinguish
BHs from low-mass stars. All existing BH candidates
have relatively long event timescales, which can
be due to the large Einstein radii of BH lenses with
high masses. But a large Einstein radius can also be
produced by a low-mass stellar lens at a close distance.
Alternatively, a slow relative proper motion between
the lens and source stars may induce a long timescale
even with a moderate Einstein radius.

To completely break the degeneracy, two additional
observables are required besides the microlensing
event timescale. One is called the “microlensing
parallax” , which depends on the Einstein radius
projected onto the observer’ s plane. It can be
constrained for long events from the distortion of
the light curves induced by the acceleration of the
Earth while it orbits the Sun or by comparing the
ground-based observations with simultaneous light
curves from a space telescope in heliocentric orbit.
The angular Einstein radius measured from the VLTI
resolution of microlensed images is the other missing
ingredient that can yield unambiguous determination
of the lens mass and thereby definitively identify a BH
lens.

The lens of TCP J0507+2447 is not a BH but a low-
mass star. Nevertheless, it can serve as a testbed for the
above-mentioned approach of lens mass determination.
In an independent effort, another research team has
measured the lens flux with Keck adaptive optics
images, and by combining this with our precise VLTI
angular Einstein radius measurement, they find that
the lens is a dwarf star of 0.58 +/- 0.03 M , (Fukui et
al., 2019). Our team (Zang et al., 2020) has measured
the microlens parallax using the Spitzer light curves,
and by combining the VLTI angular Einstein radius,
the lens is found to be 0.50 +/- 0.06 M . The good
agreement between the results of these two approaches

demonstrates the robustness of our method.

Remarkably, around the peak of the light curve of TCP
J0507+2447, there was a short-lived anomaly lasting a
few hours, suggesting that the lens star has a 20-Earth-
mass planet at around 1 AU (Nucita et al., 2018; Fukui
etal., 2019).

The possibility of using the VLTI to resolve
microlensing images was first proposed by Delplancke
et al. (2001), but it had proven to be extremely
challenging, with numerous failed attempts prior to
our observations. The major challenge had been the
difficulty of identifying a sufficiently bright target for
the interferometric observations. A confluence of lucky
circumstances facilitated our success. Unlike the vast
majority of microlensing events found by professional
wide-field surveys towards the Galactic bulge, TCP
J0507+2447 was serendipitously discovered by the

Japanese amateur astronomer T. Kojima, and the

source is at 800 pc towards the Galactic anti-centre,
making it one of the closest microlensing events
ever found. Our DDT proposal (2100.D-5031) was
quickly accepted, and an ongoing VLTI run allowed
our GRAVITY observations to be conducted within
about a week of the initial discovery. And thanks to the
exceptional site conditions, we were able to observe
it near the magnitude limit of VLTI/GRAVITY at a
relatively high airmass of ~ 1.5.

The exceptional sensitivity of VLTI/GRAVITY and
the advent of all-sky bright transient surveys such
as ASAS-SN and Gaia provide an unprecedented
opportunity to obtain more resolved microlensing
images. We hope to carry out a systematic survey
towards the first definitive identification of an isolated

stellar-mass black hole.

ATREHMAYEEHRERLEE (ERKF)
State Key Laboratory of Artificial Microstructure and
Mesoscopic Physics, Peking University
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State key Laboratory of Artificial Microstructure and Mesoscopic Physics was founded in 1990, and was
supported by the State Planning Commission. In 1992, the laboratory passed the evaluation of the State
Education Commission and started to operate. The guideline for the laboratory is to investigate the new
phenomena and new laws of mesoscopic physics when the matters changes spatially and temporally, and the
laboratory aims to strengthen the development of theoretical methods and the measurement of physical processes
in ultrasmall space and ultrafast time scale. Paying attention to the intersection of disciplines, the laboratory
develops the research methods and builds the concepts to promote the artificial microstructure and mesoscopic
physics in life sciences, energy, and various applied disciplines. The laboratory aims to meet the country's major
strategic needs, and strive to contribute to the country's economic construction and national defense construction,
but also makes the significant contribution to the development of basic science.

Guided by the Outline of the National Medium-and Long-Term Science and Technology Development Plan, the
laboratory builds a research basement with the Mesoscopic physical research features and the close integration
of atomic, molecular, optical physics and condensed matter physics, and in-depth development of major basic
scientific issues and application frontiers in mesoscopic physics. Combined with the frontier scientific issues of
mesoscopic physics research and the major national plans and tasks undertaken, three major research directions
have been formed in the laboratory, namely, “Mesoscopic optics and Femtophysics” , “Mesoscopic System
Condensed Matter Physics and Devices” , and “Mesoscopic physical intersection and major applications” .
The laboratory has a strong team of innovative talents, including 5 academicians of the Chinese Academy of
Sciences, 1 academician of the Academy of Sciences of the Developing Countries ,9 special professors of the
Yangtze River, 14 winners from the China National Funds for Distinguished Young Scientists, 8§ winners from
the National special support program for high-level personnel recruitment, 12 winners from the New Century
Excellent Talents in University, 4 Young Yangtze Scholar and 14 winners from the National Natural Science
Foundation of China Youth Fund.

The laboratory has 3 innovative research groups of the National Fund supported by NSFC, and has undertaken
more than 200 national-level scientific research projects in the past five years, including the national key research
and development plans and major scientific research plans and special national research equipment development
projects. The laboratory won the second prize of 5 National Natural Science Awards, the second prize of the

National Technology Invention Award in 2018, as well as more than 10 other awards, such as the He Liang He
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Li Science and Progress Award, the first prize of the Ministry of Education, the Youth Science Award, the China
Youth Science and Technology Award, the two awards on the top-ten-scientific and technological advances in
Chinese university of science and technology, the one award on the 30 major advances in optics worldwide,
three awards on the top-ten scientific and technological advances of Chinese Optics, two awards on the top-
ten scientific and technological advances of semiconductor in China, 1 Fellow of Society of Photo-Optical
Instrumentation Engineers (SPIE) , 3 Fellows of Chinese Optical Society (COS) , 2 Fellows of the Optical
Society of America (OSA) , and 1 Fellow of Institute of Physics (IOP) .

In the past five years, the laboratory has obtained grants more than 500 million yuan; published more than
900 SCI papers, many of which were published in the most influential scientific journals in the world, such as
Science/Nature series journals, Physical Review Letters, etc., including 8 Nature papers and 4 Science papers;

more than 110 patents were granted.
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Figure. 1. Microcavity nonlinear photonics and two-octave-spanning integrated microcombs
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I. Microcavity nonlinear photonics and integrated broadband optical frequency combs

Optical microcavity is capable of confining light in
a small volume for a long time, therefore greatly
enhancing the light-matter interaction. For decades,
optical microcavity is a pivotal platform for fundamental
physics researches and pioneering applications. Recently,
the group led by professor Yun-Feng Xiao and Qihuang
Gong made a series of important advances on the
nonlinear optics in microcavities with ultra-high-quality
factors. The group is attached to the State Key Laboratory
for Mesoscopic Physics and Frontiers Science Center
for Nano-optoelectronics, School of Physics, Peking
University.

First, the group realizes high-efficient third harmonic
generation in an organically functionalized silica
microsphere. The efficiency of third harmonic generation
reaches 1680%/W?>, which is four orders magnitude
larger than the previous works reported in silica
microcavities (Phys. Rev. Lett. 2019, 123, 173902,
front cover paper, Editor' s Suggestion). Next, the group
demonstrates reconfigurable and ultra-low threshold
spontaneous symmetry broken chiral Raman laser
emission in a whispering gallery mode microcavity
(Nat. Commun. 2020, 11, 1136). Besides, the group also
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studies the chaotic photon transport and experimentally
demonstrates the distinct pathways of photon evolution.
Such research of chaotic dynamics paves the way for
high-efficient integrated nonlinear optical devices(Phys.
Rev. Lett. 2019, 123, 173903, editor' s suggestion).
Moreover, the group demonstrate two-octave-
spanning broadband chip-scale microcomb generation,
which breaks worldwide record for the bandwidth of
microcombs. In the experiment, the researchers pump the
microcomb at 1550 nm band with the process of four-
wave mixing and the successive comb lines at the visible
band is stimulated with surface-induced second order
nonlinearity and bulk third order nonlinearity for a silica
microcavity. The comb lines cover the range of 450-
2000 nm over two-octave spanning. Besides, the efficient
collection of the broadband comb signal is realized in
the chaotic channel induced by a deformed microcavity.
This work introduces a new degree of freedom, cavity
deformation, to the microcomb studies, the combination
of temporal solitons and chaos in deformed cavity in
the future may provide new possibilities for optical
soliton physics studies and microcomb applications (Nat.
Commun. 2020, 11, 2336).

EYESZEAERELSELEE (ILRXFE)
State Key Laboratory of Nuclear Physics and Technology,

Peking University

IR RFZDIE ERFEAREREALLE T 2007 F2533 175 HEREHL IR EEE, 2009 Fil
WRWEREREZT, BREE MR ZOENEREAIRE. IRERTNTFYES R Z9E.
BEAENA. BERYE. SEFRYEBENSHEREYEANER, EeTHEFEREIETREYE
FRBADIER. ERTYEMRAMEBLYERRF. MEZRENEREAREEREREXKEEX,
LWEFHT RS HZRYIE. BTV Sl FIRSBEATZE AR B MRS E.

TREDEETHRAR A, HAEFRERL4 A, KIFEHE4 A, BRALEFESKRE
EFBA, 1M EREARZESVFAREL. AHBLEEA50 A, FRAEL 300 A, 2019-2020 FL55
EAGERIAIE L) 150 11, 8FELEF I MERESMATNIE, 1 TERBEARZESEAME, |
HNEREARMEEETH ENSERRR TS . FHORKRARLEL 2827, MRBAREKRSK
T2 120 o LREIEFRARIEAFRI "+ H" EREAREMEBINE I, GFALKREBRE
S50 Bt ZRAiEE (LMBF) " UE SHERFEMNEEFESIREN ©tRALRNESBFEPT
FRsE (BISOL) ” .

LEEHE 4 5 RAIRRRE, 2X6 MV BFIFREINRE. 4.5 MV FEB R 2X 1.7 MV &350
HEE, DU 14C MEmERFUET (AMS) |, BN TFRATIESSRBFOMARNNHE. SREERE
ZIILRTE, BRTERFRFPEIRE. FHMBSLEE. BOUINERLREAZEAN ALKEE,
EARRENE MHCZEEIRE, FERFEEHERBZROEEZIXARFE “SERECINERE
wHL” .

SLBEFRZHEREANSE, SEHMS B AEBCAHE /IR 24Z Nishina School (2008 £4) ;
MEERERSIMFEBARFZESZXRNTETHXIERWRA (CUSTIPEN) ; ZEROM CERN. HAX
RIKEN. Z£[E ANL I NSCL. FEEFRERZEE. FERZGAYATSE LSS RITI.

The State Key Laboratory of Nuclear Physics and Technology at Peking University is the first state key lab in the nuclear
science field in China. The lab was initially approved in 2007 and formally established in 2009. It mainly consists of the
Department of Technical Physics, the Institute of Heavy Ion Physics, and the Institute of Theoretical Physics, with disciplines
of Particle Physics & Nuclear Physics, Nuclear Technology & Applications, Theoretical Physics, Plasma Physics and High
Energy Density Physics. The main research fields of the lab include the Hadron physics, Radioactive nuclear beam physics,
Accelerator physics and techniques and Nuclear technique applications.

The lab is composed of 88 key researchers, including 4 academicians of the Chinese Academy of Sciences, 4 special
professors of Yangtze River, 13 National Outstanding Young Scientists and 1 NSFC Innovation Research Groups. In 2019
and 2020, the lab has about 50 postdocs and 300 PhD students. About 150 research projects including 3 National Key
Research and Development Plans, 1 NSFC Major Program and 1 National Major Scientific Instruments and Equipment
Development Project are undertaken by this lab. The lab has an annual budget of about 280 million RMB from the
competitive funding resources and published more than 120 high level papers per year. The lab is actively promoting the
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establishment of two “14th Five-Year” National Major Science and Technology Infrastructure Construction Projects, one is
the “Laser-Driven Multi-Beam Flow Device (LMBF)” in which the lab has deeply involved, and the other is the “Beijing
Isotope-Separation-On-Line Neutron-Rich Beam Facility (BISOL)” proposed jointly with Chinese Academy of Atomic
Energy.

In addition to carry on basic research experiments at large scale facilities world-wide, the lab provides low energy ion beams
for the multidisciplinary research, based on the user facilities, such as the 2 X6 MV tandem accelerator, the 4.5 MV Van De
Graaff accelerator, the 2 X 1.7 MV tandem accelerator and the compact accelerator for 14C AMS. The lab also has a number
of experimental platforms, including the Subatomic Particle Physics Laboratory, the Radio Frequency Superconducting
Laboratory, the Laser Accelerator Laboratory and the Nuclear Technology Application Laboratory. The first lab of Laser
Nuclear Spectroscopy in China is under construction, and the construction of Beijing Laser Acceleration Innovation Center in
Huairou Comprehensive National Science Center is in progress.

The lab is operating with broad international and domestic collaborations, of which the representative examples include the
Nishina School organized by RIKEN-PKU (since 2008), the CUSTIPEN supported by DOE of US and NSFC of China (since

2013), many experimental programs at user facilities in worldwide such as CERN in Europe, RIKEN in Japan, ANL and

NSCL in USA, CIAE and IMP in China and so on.

— . BOCHERTF 58 R FVRHEN R E O g & o0 R It

AT FRBOCIREIAM S, bR HEBUFHE
BRAEZTVBIC IR U F.0 (BLAIC). iz Oy T
RERSHAZOX, BEREFR 30000 F%, B&
HMRI2M R RERERAML. HREEF.
EfrF ARSI, BABRFES. adE.
ZREFFEL. MRS EER F 0B NH R
R &M, A BE T —REHINRRFAEIHES
R RIRATFRBAREH, RERAFRIZZ XA
Elfrgsmm DMK BEERIZHF & . 2020 F,
Z ZRTW, EFRBOCMRCF FOHE T E
RERARIT, HPAXBRXEM 7TEME . B
BT LA T TIEE 40%; KF|KS. BB,
B4 8% & 5T RARIR A TE. Fiiit 2021
F4/FOBREMEEHIN, 2021 FREER
TR st.

ERBEBERUREINASFT T, ERKFEE
KRB R R R EM RS N ARSI
B 7 2019 F R IR E AIRERF . TUE B
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ERETENRRRICHEASOCRF LRSS, #H
FFARRE T ERRIC BT RE AT RS . 2020 &,
BOCEE FHMREB T T 8RB R T IR
#= (CLAPAIl) FYIRitLYE, A SLOAFA R &
T 7 Eu. TNE®ES5EE Thales A5 &1, HE
ST 2PW KRR R FRIT; BS i PW E
FEROC R GRS, 2 SLIE 100m], 50fs, 2TW %t ,
ARKRE S EEEM; BEFTAIREZBER
SRR, TR T ESFTEERFENS R, T
LI > 1Hz E404T88, HEE>S5004%; BUR
M REB M TSR, TR TEES
KERMEEMERRT; TR TR R
X, BERTET CCT BSMANLBERAMIZ
B RRE TRITARGEMYIERIT AR, SH’E
B, EENBICRFINRSFT KR, M T BEh
W REN A RRIT. 2024 FF, E—ET IR
FHEE MeV BT R A FLBOL INER &5 g9 L3 AN
Y FE RO INE QU O Ko

RICIRIBILIAR T H, SEEREYIEN
REAITHF R 7 R F IR GRS R FIEE 1N
KR, RE T Z NS F IR R 5 #5
AR, MFBEEATEINER. PEARBFAE
MERMEFHRBFINRE. TERAFSSEER
ET7BEREHEEFEAEERREN LN
B EFIM BT ORI AR, ZAR 2020 F &
RT «IEJESRIR»  (Phys. Rev. Lett. 2019, 124,
114802) . ZFIAARAZUNE KX SHEERNE=
REZEAETFREEXER THNEE M HF
2, PREPNBTFEERT AN AL EE
SN, IR RN ESESENNKEFE, BT
BHEZERBICH P RERETRTRE, FUSEH
T ERSAEL T RERFINZFIAPRIORSE, A

fpiomss BIA R B B SE1E A T BV 40 %o

L ETHRRBCRF IR SEN T BT RS

Figure 1.Proton Radiotherapy System Based on
Petawatt Laser Proton Accelerator

I. Laser Acceleration Researches Will be Launched at Beijing Laser Acceleration

Innovation Center in Huairou Science City

Beijing Laser Accelerated Innovation Center
(BLAIC) in Huairou Science City is under
construction. BLAIC is supported by the Beijing
municipal government and has a total construction
area of 30000 square meters. It has the functions
of basic scientific research, large-scale equipment
technology research and development, postgraduate
training, international academic research and so on.
It will provide research conditions for important
scientific issues in radiation medicine, frontier
physics, nuclear energy, advanced materials and
other fields, and become the next generation of
advanced accelerator and advanced light source
in China, which will become a large-scale
comprehensive scientific innovation platform with
international influence and interdisciplinary. After
a year of effect in 2020, the overall final design
of BLAIC is determined. Up to now, 40% of the

work of civil engineering was completed and the
structural capping of area A has been completed.
The investment and purchasing work of the
auxiliary equipment (vacuum, radiation protection,
cooling system) are completed. It is estimated that
all the structures will be capped in April 2021, and
the conditions for completion and acceptance will
be met by the end of 2021.

With the support of the Ministry of science and
technology of the PRC, the project of "The research
of PW laser proton accelerator and application
demonstration" led by Peking University was
approved in 2019 and the project kick-off meeting
was held in Peking University on June 12, 2020.
The project aims to build a laser proton accelerator
based on repetitive PW laser system, develop
a stable and reliable laser proton radiotherapy

system, and carry out the application demonstration
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research around tumor treatment. After clinical
testing and medical certification, the project will
complete the prototype of laser proton radiotherapy
product meeting the needs of hospital treatment,
and gradually realize industrialization to benefit the
society and the people.

In 2020, the laser plasma research team has
successfully completed the design work of PW laser
proton accelerator, which laid the foundation for
the establishment of the experimental prototype. In
cooperation with Thales, the laser plasma research
team has completed the design of 2PW laser system.
At the same time, it is also developing domestic
PW laser system, which has realized the output
of 2TW with energy of 100mJ and pulse duration
50fs, laying the foundation for future localization.
The project team has independently completed
the physical design of the accelerating vacuum
chamber system, and completed the preliminary
design of the high repetition target system, which
can achieve >1Hz repetition shooting frequency up
to 500 shots. In the aspect of laser accelerated ion
beam transmission, on the basis of comprehensive
analysis and optimization of the beam dynamics

model, the team has designed both the vertical

and horizontal transmission lines, developed the

magnet design program, and mastered the key
technology and process route of superconducting
magnet based on CCT. The physical design scheme
of the treatment head system has been proposed.
At the same time, according to the requirements of
the laser proton accelerator, the automatic control
system is also designed. In the coming years of
2024, the experimental prototype of the first PW
laser accelerator that can generate 100 MeV proton
beam will be built in BLAIC.

In the meantime, the high energy density physics
research team has carried out a series of theoretical
and experimental studies on particle acceleration
and radiation, and proposed a number of new ion
acceleration and attosecond radiation schemes,
such as new cascade shock wave acceleration, few
cycles ion light pressure acceleration and single
cycle ion acceleration. Professor Qiao Bin and his
collaborators have proposed a new scheme to obtain
isolated high-intensity attosecond radiation pulses
through the interaction between two-color laser and
thin target, which was published in Physical Review
Letters (Phys. Rev. Lett. 2019, 124, 114802).

& 2 JERHOE IR BT O RS R E A LR R R A
Figure 2.The architectural drawing and the actual building photo of BLAIC
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Peking University Center for High Energy Physics

ERKRESRVERRTOBHFEIELEBETE. BRIA S BINARFEE, 33 LEANRFIEFHRR
MAR, INEFFE, R2UBLIEHRAR. MANQEERE: THEP. BETHIL. NTHERRE.

EFYIEE.

With Prof. T. D. Lee being the director, the Center for High Energy Physics at Peking University now has 8 senio

r fellows from abroad, 9 research associates, 33 junior fellows and 12 postdocs. The research interests include: ¢

osmology, quantum field theory, particle physics phenomenology, and hadronic physics.

— . LHC fE[X p-Pb wif/N %% QGP {5555

SRk FESFH (QGP) 2B E/EAYR
NEZAE, ERLFETEHANTE, B T8
BFETHFEARDR. SEEAZZMET DIERE %
QGP frFEMtkin &, BrsERe® N 2B E(E
B REARZAME R, FEHAMDE—INRFE
HEHRL . EERPENILER FRIET , F
71200 A GeV ) Au-Au RfFEH | 3BE4SH QGP B
ZAWEEMELI, ERHR=1"FZIHEL: BINE
&7, BREIREN S SR E R E K UN o

7 RHIC #01 LHC & X 4 p-Pb. p-p 25 &lf & /)\
ARG R U SRR EN— N EEFEYE, M
I HANFIN QGP 557 A B AT BFIIAR
BAREBRARETTREFENS/NAKEEE
Kzshlsl. A, BFRIMNIRGERE, 5
QGP J i 18 R 7% K55 R 72 p-Pb SR IE
INRGHRWEENNE . 5—HE, EREDEX
Firill & 2 g9/ N R G2 2 18 R 1R RO AAL 6 A 1 72
T

ETFXANUR, REBRIBEEEZRERGEE
BT ‘R —EHE MBI REER, FHTE
B T LHC 82X p-Pb Wi/ NR AT EEHE
XEEANNERARER, EEAGYLHHNESR
T, ff1EREEMMAER T &L CMS. ATLAS #
ALICE KB EHrEEHEERSEE X AN E
M2 ENBRIAER, XNRENEXIBHFH
ERRAREAENEERBZIRERLE T XE
MTER. o, REAIMABZH LR ETHRIE D
SnhEaNEERATERNEX T PN FH
FAREE. XM IERIMB R T SZEHR
F—AZRE N REEHUEBY FEHE, FRY
gEE2 4 QGP,

XMIELRT «<PEFRIRIRY  (Phys. Rev.
Lett. 2020, 125, 072301) o 1814 X ST AHIZB ST
F—EE, REBRIEABNESE, EENEE
ERILERREYBZRENESHT, LPIHERE
T REUZFNEIMN R T A2 Che Ming Ko 4%,

I. The QGP signals for the small p-Pb collision system at the LHC

The Quark Gluon Plasma (QGP) is the de-confinement
state of the strong interacting matter. It once existed
in the very early university and also possibly exists

inside the neutron stars. High-energy nucleus-nucleus

collisions aim to create the QGP, explore the QCD
phase transition and study the properties of the hot
QCD matter. In traditional heavy ion collisions, such
as 200 A GeV Au-Au collision at RHIC, the strongly
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coupled quark-gluon plasma sQGP has been created
and discovered. The three important evidences are:
strong collective flow, the valence quark scaling of the
elliptic flow and jet quenching.

Currently, small collision systems, such as p-Pb and p-p
collisions at the LHC, are hot and important research
topics in high-energy nucleus nucleus collisions. The
search and confirmation of its QGP signals can help
us understand the smallest fluid at the Fermi scale
and reveal the mechanism of its collective behavior.
However, due to the small system size, jet quenching
has not been directly observed. On the other hand, the
mechanism of the observed anisotropic flow is still
under debates.

Considering such situation, Huichao Song, together
with her students and collaborators, developed the
"hydro-coal-frag" hybrid model, and used it to study
the particle yields and collective flow at intermediate
transverse momentum regime for p-Pb collisions at the
LHC. For the first time, they quantitatively explained
the valence quark scaling of v2 observed by the CMS,

ATLAS, and ALICE Collaborations, and found that the
quark coalescence procedure plays an essential role.
They also found that the mass of the constituent quark
that varies with temperature near the phase transition
is crucial for a quantitatively description of the particle
yields at the intermediate transverse momentum
regime. Their calculation, together with the observed
valence quark scaling of v2, strongly indicates the
existence of partonic degree of freedom, and possible
formation of the QGP in the high multiplicity p-Pb
collisions at the LHC.

This work was published on Physical Review Letters
(Phys. Rev. Lett. 2020, 125, 072301). Wenbin Zhao,
a doctoral student, is the first author, and Huichao
Song is the corresponding author. Other collaborators
include Professor Liu Yu-Xin from Peking University,
Professor Qin Guangyou from Central China Normal
University, Professor Che Ming Ko from Texas A&M

University..
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5 455 1)
Students

AIEBFEGERRR, VEFRFES. TRESHRBDESMELFEN. XA WER. &
MEEHNEFRERE, KU DEN RIEE LR 2019FET Y EARREFARABE—Z.

In order to enhance students' physical fitness, the students participated in sports events such as the Freshmen's

Cup, Peking University Cup, Masters Cup, and the Spring and Autumn Games, and designed a series of

"Momentum Cup" games. In 2019, the School ranked first in sports competitions.

2019 5 B, WIE=Br 2017 45 2 3F
REIERILE AR SRE PR IR
2015 ZE A ERBWRBIERFERS
E VY NIE S
In May 2019, Class 2, Grade 2017 of the
School of Physics won the "Class Wusi
Medal", the highest collective honor of
Peking University; Cao Qitao, the 2015
PHD student, won the " Youth Wusi Medal",
the highest honor of Peking University

WPAFRZ00TH & 28

0 FRg. M BT

Figure 1. Differential elliptic flow in high multiplicity p-Pb at 5.02 TeV measured by CMS, ATLAS and ALICE
Collaborations (left); The comparison between the Hydro-Coal-Frag model calculations and the experimental
measurements (middle); The comparison between the Hydro-Frag model calculations and the experimental
measurements (right).
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2019 5 52020 10 B, B ZEEHEN T EHLBRMET/\B IERRFENEIDELNEES" 2019 % 9 B 17 B, ¥EFBARNOR P ORICTEET 2019 £ 440,
MREZARRE, BEEBBAMHBEREERIAERT LT RRSIIMEEIL. ZEAREZFHEES
MREFEERA, RBTVREVEFREHANZER,

In May 2019 and October 2020, The 16th and 17th "Peking University Zhong Shengbiao Physics Education

Fund" postgraduate academic forum was successfully held. Mr. Cixian Zhong and his wife, Ms. Xiaoluan Xia,

On September 17, the School of Physics held the opening ceremony.

attended the award ceremony. The academic forum has more than 100 students participating every year.

It SR WA R 201ME IR R
& snskne

2019 5 8 7, #ER£Ee 2019 ZAMAESME.

In August 2019, the 2019 undergraduates participated in military training.

2019 FF 6 B 30 H, #IESPr 2019 FEENV BX FE B A F L2 EfEEZIT; 20205 6 528 H, ¥
HEFPr 2020 F BV S5 R B M AYIE S s N Hf gt iT e L 5
On June 30, 2019, the 2019 Graduation Ceremony of the School of Physics was held in the Peking University
Hall; on June 28, 2020, the Graduation Ceremony was held in the College of Physics and lived online due to the

influence of the epidemic.
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2019 F 10 B 1 B, #HELEIMASIRIH FEMIL 70 BFREABIT EANSERS T,

On October 1, 2019, teachers and students participated in the mass parade and volunteer service to celebrate the

70th anniversary of the founding of People's Republic of China.

2019 F 11 B, ¥k ERXRZREMAEREST
BRERAAKSHAR, BEREERAZLLVHEFEBKR
INRPRFAZE R, REZEBTEELE.

In November, 2019, School of Physics, School of International
Studies and College of Environmental Science and Engineering
organized a joint Youth League School to invite Jia Xiaoliang,
former Deputy Director of Enterprise Reform Bureau of The State-
owned Assets Supervision and Administration Commission of
the State Council (SASAC), to give the first class to promote the

comprehensive development of student backbone.
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2019F 12 5, #RFEARAAFFHR S, IRAKSHT BlERFHEIR.

In December 2019, students organized a new year's party to welcome the New Year with unique programs.

- -
A8 f X

5 @ A
44 0. I _
e

= =

20202 B, MEFRAMILEXEZFEOE. BEREENYE, XUEREBZSOER. B
REFEHSEHKHESERS, HEBHETRNE.

In February 2020, the School sent masks, postcards and other consolation materials to the students in the

epidemic area of Hubei Province to show their concern for the physical and mental health of the students.
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2020 F 4 B, MEFRFEBRAF[AIRINES AR FLAREZLZVES, FRINEISHRBER
RS o
In April 2020, the students of College of Physics spontaneously organized online academic counseling for the

children of Wuhan medical staff, and the College received a letter of thanks from Jinyintan hospital.

2020 £ 5 B, ¥ ERRBRmE
SNE_RBRANSTEKHT.

In May 2020, the School of Physics
organized teachers and students to
participate in the 2nd Youth long

distance race.
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2019 5 B, 2020 F 5 B, WIEFRABE/NE. BARARA/NERATE)I4HE. BFE8 A,
YIIRSARR A R RSN CUPT, BVE4E —SWHES.

In May 2019 and May 2020, the School held the 8th and 9th undergraduate small scientific research project
training competition. In August, student representatives won the second prize in the Chinese College Student

Physics Academic Competition.
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In June 2020, Gao Yuanning and
Yang Jinbo welcomed the first
batch of returned graduates from

Hubei Province.
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200078, MEFRERFAE
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1O FRKIRNEERRTI B S s T RSB VB AT o
From July to August 2020, the school of Physics
organized students to carry out ideological and
political practice activities. Students went to
Satellite Launch Center, Guo Yonghuai Memorial
Hall and other places to carry out practical

research.
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2020 8 5, WIHBe
MIEABNEEF .

In August 2020, School
of Physics sends off
undergraduate enlisted

students.
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202009 3, MEFERKSRTA
2020 AR AFRFFE IR, VIEFE
AR 2020 BHTERFIRRIEE.

In September 2020, Gao Yuanning, Dean of the
School of Physics gave the first lesson for the
freshmen of Grade 2020; the School organized
the quality development activities for the 2020

undergraduates.

In October 2020, undergraduate and graduate students held a welcome party for new students.
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AT RHAZRZANRV AR, FREFEHEQAGVSHIET “SEITY REATHRES. B 2020F 12 B, MEBEFBSNE LR “ARBKEBLEZARRIE, S ARGRE—FE, MEHRRAE-
NS € == o N S 4T TR A
AERRE BRI BE In December 2020, the School of Physics participated in the 7th PHD Academic Forum of Physics Five

In order to promote the employment development of students, the School regularly organizes corporate visits and Universities, there were five students won the first prize of the forum.

holds "Ivy League" alumni job fairs every year.

FtEARRRBETEZRICE

2020 F 12 B, MEFHRHERKEILER KT 2020 FHAE “BRES MABLE “— N7 E5)85

EF AT S FEE (A , FERASENEERIE.
BB : WIS A FRARERAR 2020 4 12 B, hERENOHERYIBEMIE TR S 4.

In December 2020, freshmen representatives from the School performed chorus "Xinghe" at Peking University's

In December 2020, the Chinese team took the top five in the International Distributed Physics Olympiad,
1dPh02020.

2020 freshman "Philadelphia" project and a memorial event, won the 2nd prize of group A and the best

arrangement award.
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2019 1 A5 H, 9EFP 2019 FRAFFERIAEFFAE 202 RETEFF. KERIZN “YES
ERE ATW, ARFRA. TRAMRAFRCIHZENERNFSEERN. ERBHETHN
NBEHE, TRRREREGRZHELD,

On January 5, 2019, the school held the Alumni New Year Forum. with the theme of "physics and life sciences".
Researcher Bai Fan and associate researcher Li Peng led us to explore the mysteries of life sciences from the

aspects of gene sequencing and cancer detection, as well as the application of infectious disease prevention and

control.
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April 4, 2019 is the commemoration of the 110th Birth Anniversary of Professor Guo Yonghuai, the Two Bombs
and One Satellite of China. Teachers and students representatives of School of Physics were invited to attend
the commemoration activities in Rongcheng, Shandong Province, to deeply cherish the memory of Mr. Guo and

appreciate his achievements.
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2019 F 5 B4 B, ERRFRAYER 1959 FRANZEATRFERRES.

On May 4, 2019, the 60th Anniversary Celebration Gathering of 1959 Alumni of the Department of Technical
Physics was held.
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20195 5 18 B, MEFERASHKEGIERRFEHMRAKES BRDOASEMRREILIR-
FHRREAZBIF T 1979 FRE. MELRERKSRTERERM RFHEMARZETEY TBRE; &
RREHIERRFERREAHKEERIE, MEBBHN CERBEIKESKEZT .

On May 18, 2019, the Alumni Association of School of Physics, together with the financial Alumni Association
of Peking University and the Nanyansha Alumni Association, held the alumni forum. Gao Yuanning, Alumni of
Grade 1979 and Dean of the school of physics, was invited to give a speech with the theme of “Particle Physics
and Great Science Gngineering” ; Huang Zhen was invited by the Financial Alumni Association to give a speech

with the theme of “Financial Technology Enabling Real Economy".
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2019F 6 B 15 H, I RFMEFRE _BRARKRZEDRIRETEERF 209F 10 H9 B, #EFRERA=. FIH
BRI R R ESREERYEREES B
ANBREBESEE . BEF LT

On October 9, 2019, the school visited Mr. Chen
Jingxiong and Ms. Chang Jufang, the donors of the

On June 15, 2019, the 2nd Alumni Congress of School of Physics was solemnly held.

“Chen Huxiong Physics Education Fund” .

2019 10 H 22 H, YEFERASEEALRBRFIRE, HTBRRELZREL.

On October 22, 2019, the school visited the alumni of Xi'an Jiaotong University and learned something about

their development.

2019 % 10 B 26 B, JtRASYRSRE = BRAL Y £ 5 BBA TV SR BIERE T,

On October 26, 2019, the 3rd alumni enterprise job fair of School of Physics of Peking University was held.

2019 F 11 B 17 B, WEFERAZED LBRAOHE.

On November 17, 2019, the school held activities for Shanghai alumni.

[ e =i o R T a b= OLIEFME
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2019F 11 B 27 B, ¥MIEF QA=
SZTIHEE “ItRKEYELGR Y
BHBES” BBAKHFTE
On November 27, 2019, the school visited
Mr. Zhang Wenxin, the donor of "Zhang

Wenxin Physics Education Fund ".

009F11[30EEXE12 A1 H, ERAERAZENBEEZE =AW ERRFET=ZXRK
R IAEHT =AML RON BT S6 RYERR LT HA. T8 BYERRAT I 82 FEP AL IBARIN.
85 BYIBRARA S = BEEYEARABKLE. 03 IRALFHERNANRKSFRKELIKA 300 &1
RERFERFITIRE T1E.
From November 30 to December 1, 2019, the third meeting of the ninth Council of Peking University Alumni
Association and the 13th Alumni Work Seminar of Peking University were held in Wuhan, Hubei Province. Li
Weinan, Yu Fang, Guo Junjie, Yang Sanwen, Xu Hongxing, Guo Yuzheng and other alumni representatives,
attended the meeting to communicate alumni work with more than 300 alumni representatives from all over the

world.

TFEAZREEFNEERSE=RZD T ——
LTEXZEETZRREIFERITS :
2019 ZTXREZE2RBERRIE R p——
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2019 11 A 29 H, FHRRASMPNER T ERNTERAEBS, SREERRFERFE. RINKFE.
fERIMmTE R FE B T AR AL TR E EE .

On November 29, 2019, the Secretariat of the school Alumni Association organized a gathering of alumni in Wuhan to

recall the friendship of Yanyuan, with alumni from Huazhong University of science and technology, Wuhan University
and Central China Normal University.

2019 F 12 B 15 A, I 5B 2020
FREFMF LRI 213 217, KXRIR
BIFIE T LB FRIZE. HFERER

NEER R PEKOT = IREH 225
DT ERRRE RS ZRE

On December 15, 2019, the school held the
Alumni New Year Forum. Liu Shaohua, Vice
President and Chief Scientist of NAURA

Microelectronics, and Huang Junling,

e SATE 6

s R T fR b

special analyst of China Three Gorges
Group Headquarters, were invited to deliver

reports.
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202055 A4 B, YEBERRASEIRERE, BIERER. EAR. TBE=MRATRERRE .
2019 F 12 25 8B, WEFERKA

SHBABRETRKFERE.

On December 25, 2019, the school visited

the alumni of Xiamen University.

On May 4, 2020, the school held an alumni forum. Wu Guosheng, Mao Youdong and Wang Chaolong were

invited to deliver academic reports.

2020 3 B 26 H, MIBFHRRASFENEES “BARSK, FRHE@BAR NUFREEL
MAEE o
On March 26, 2020, the school held an online meeting for outstanding alumni with the theme of "Helping
Scientific Research Growth and Cultivating Excellent Skills".

2020 £ 4 H 4 B, VEFERASFEDNEIIREZRE-

On April 4, 2020, the school held an overseas scientific research alumni meeting.

200565200, NESRRASE—ABELSWELRET, RESHE. SERHEE AN
& %%o
2020 4 B 18 B, MESBARALENINARE RS, RAS

. . . . 20, 2020, the 11th il ti f the Alumni Associati held onli than 40 Alumni
On April 18, 2020, the school held an exchange meeting for entrepreneurship alumni. On June 20, 2020, the Council meeting of the Alumni Association was held online, more than 40 Alumni

Association directors and contact persons of all grades participated in the meeting.

kel " LSS YIRS ERES
‘DR, SRdEES" % _I__;;A.,EE %iy

E Ll (I
¢ 4t ddatndidal

—FRAR R RS

FEYRRYY R
\

BARL AR L by

2020685208
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2020 £ 6 A 28 B, KEMRASINYEFL P 2020 F EV BRI EF . BRRERE4ETH .

On June 28, 2020, alumni Zhang Deming attended and delivered a speech at the 2020 Graduation Ceremony of Alumni Funds:

School of Physics.

pavAi]
Time of T H 4 %% Project Title 8 A\ Donators
Establishment
i P SR TP G N )
1987 Ye Qisun Experimental Physics Hfﬂ;i‘/]\ﬁ‘ﬁiﬂ‘]f,?}}%ﬂ?%
Mr. Ye Qisun'friends and students
Fund
— I S 56 A ROt Y 2 A B 1 AR 5%
1996 ﬁj){}(ﬁ]ﬁ.ﬁ Mr.Yibing Xie and his students (Mr.Mao
Xie Yibing Fund .
Jietai et al.)
000 | 1977 WIEIHEEIES: S RAIEL 1977 Rk
1977 Physics Class Fund The 1977 alumni
PSR EEE B by W e R N IR £
2002 Paul Shin-Piaw Choong Mr. Philip Tsi Shien Choong and Ms.
Educational Fund for Physics Hsia Shaw-lwan Choong
4 T N 22 A
1980 My 2 4440 F- B 22 4 j}%k%iﬂ 1980 bk =taL MR AR
2005 1980. Ellen Lan Yi Woman The 1980 alumni, Ms. Lan Yi's family
Physicist Scholarship .
and friends
2005 | 1986 MBS JLRAIE 1986 Zebi ke
1986 Physics Class Fund The 1986 physics alumni
N 1988 Wy HipEH L4 JERYF 1988 it K
24 e s
2020 125 148, 9EZRKR 2006 1988 Physics Class Fund The 1988 alumni
2 CEFELIR, BEdER ’ T
=70 2021 FRAFERE, HRILRK W LR P P A AN L e
FRAEREBERXEREYER AR 2008 Chen Huxiong Educational Mr. Chen Jingxiong and Ms. Chang
R R LIRE, Fund for Physics Jufang
HTRE, FEAE EkRA, BIGES
On December 14, 2020, the school held the 2008 SR as o Mr. Hu Ning's family, Ms. Qin Danhua,
Alumni New Year Forum. Dong Supo of the Hu Ning Scholarship Zhaobing Su couple and Mr. Zhao
Institute of Astronomy and Astrophysics of Guangda et al.
. - ek Ry P S JERBEA Vil 2 T A 5% B
D f Technol
epartment of Science and Technology in 2010 Zhao Kaihua Educational Fund |PKU alumni, teachers, students and
Peking University was invited to deliver a for Physics concerned departments
report. LR 1980 A K Gl e 5 RN
o1l | RIS kL
Truth-seeking Scholarship The 1980 alumni Mr. Tang Yi and his
wife Ms. Yang Hong
RSOH BB % e e
2011 Zhang Wenxin Educational ALRAEE 1949 ”&&Z{ 5K SCHT 6 2 .
Fund The 1949 alumni Mr. Zhang Wenxin
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L R]
Time of
Establishment

i H %4 % Project Title

{8 A\ Donators

WIS AR 2 G LR 1978 BRI IKN = de BERE At
2011 HaAiA 81,1 écholarshi The 1978 alumni Mr. Zhang Xingyun
p and Ms. Fan Pei
2011 1991 WyPipE R L4 bR 1991 Hie K
1991 Physics Class Fund The 1991 physics alumni
JERYEL 2000 KN HHELE,
o1l |PEEBCEE RS Rl
Students Development Fund The 2000 alumni Mr. Li Chuan, Xia
Yingzi, the Tianmei company and et al.
Y RTR L /B G B e o
2011 Shen Keqi Educational Fund for LKA 1988 ”mﬁﬁf%ﬁé%i .
htes The 1980 alumni Mr. Wang Duoxiang
IR AT H R AR IR AR BR R 5 it
2012 Institute of Modern Physics The Institute of Modern Physics,
Fund Chinese Academy of Sciences
2012 1985 ‘;i:l“sics Class Fund The 1985 alumni (Ms. Fang Jing, Mr. Lei
Y Yi'an and et al.)
ho1s | PR AMONIES TRPBLRER R A
School Emergency Aid Fund PKU Physics alumni and community
PIBLHT R 1T BRI 34 o
2013 Physics Building Lecture Hall Lk %ﬁﬁ.ﬁ ) ﬁﬁﬁﬁ .
Chair Donation Fund PKU physics alumni and community
1979 B R ARM B bk ML .
2013 1979 Physics Class Fund for | Jc/ A% 1979 ke
Garden Donation The 1979 physics alumni
P EAT R I A N S s
2013 Physics Building Video Meeting ALRAEE 1977 ﬁﬁﬁgﬁ% .
Room Fund The 1977 alumni Mr. Tingkang Xia
Wy BRI RS 1A el 8 O .
: 13 JbRABE 11978 Sk K14
2013 ?&ZECS Building Front-garden The 1978 alumni Mr. Ming Hu
WELHTRE 7802 LB Ak s
2013 Physics Building 7802 Meeting LKA 1978 4&1‘5’{7',{ .
Room Fund The 1978 physics alumni
ALK EE 2012 RWFTEAEZRL SRAE PR
o, %
2013 ;E{jé'}gi{;%ﬁu Fund The 2012 physics graduates Li Ji, Zong
p Hua and Fu Jianbo
1978 B A .
2013|1078 e e o | AT BMA 1978 de (BB )
Fund The 1978 alumni (Mr.Ji Ligiang et al.)
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TSI ]
Time of T H 4 % Project Title 14 A\ Donators
Establishment
DERAFHERHE | i
2013 Xingcheng Fund for ALK BH) & 1979 Jﬁﬁﬁ
The 1979 alumni
Undergraduate research
o4 | 1980 BRHHMIESR: JLRAIB 1980 Jehet
1980 Physics Class Fund The 1980 physics alumni
BRI P 5 TR T 1 M S e
2014 Physics Building New Liabrary ;I:I‘{jé%%zi‘ afirﬁrﬁfm d communit
Reading Room Fund PRy y
YRR 212 LU HERTIA TR AR
o1s  |& TRPBLRER HE2 AR
Physics Buidling 212 Middle PKU physics alumni and community
Room Chair Donation Fund
R A R T JERWEE 1997 AR ERIEEERA
T p Lt
2015 %{iﬁgﬂ Students Development The 1997 alumni Mr. Wang Chenyang
and his wife Ms. Cheng Ya
o7 | PR RIS TR 2R
School Development Fund PKU physics alumni and community
JE R4 2005 kK
- s 1 B el / BRI BIAT R ]
2018 g‘?ﬁ?ﬁg gijﬁf‘ﬁr Scholarshi The 1997 alumni Mr. Xu Xiaobo,
g p Shanghai Ruitian Investment
Management Co., Ltd.
2019 IR AL HyEE 2004 bk 7 70 S
Yan Fu Scholarship The 2004 alumni Mr. Gao kang
9 = E
ERG - B e ST R
2020 \gfng Shenffia?ng—é)lf'lenf;;hYa. The 1997 alumni Mr. Wang Chenyang
ucational fund lor FRysics and his wife Ms. Cheng Ya
A e R
2020 PKU Physics Wanyang Teaching ALRAER 2007 ”&&*%ﬁ’%&ﬁ{%ﬁ AL
St The 2007 alumni Mr. Xu Zhenxiang
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S1ES A

Exchange & Cooperation

< 7l

— . ¥ ARUYtEE Lectures

HERRF B FYEH IR
The Centennial Physics Lectures

2019, H# A IURREFAFYERE E -+ -2 -+ E -+ T HEEEE L ZERFAREHI.
KFYESRAFEZTONMKEERRRETEN “RERAYZE: SEYVELTE QTR
HEIMEIR.

In 2019, the school held the 22nd and 26th sessions of The Centennial Physics Lectures. The 22nd lecture “Quest
for Nature: Fifty Years of Discoveries in High Energy Physics” was given by Pittsburgh University distinguished

professor Han Tao, who presently serves as the founding director of the Pittsburgh Particle Physics, Astrophysics
and Cosmology Center (PITT PACC).
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F = HEIEE 1985 TR IURYIESRIKESE. EEL R - TR EERYIETRATREK
Klaus von Klizting (% #5385 3519)

The 23rd lecture “Quantum Hall Effect and the New International System of Units” was given by the 1985 Nobel

Laureate in Physics Professor Klaus von klizting, who is the former director of the Max Planck Institute for solid

state physics, Germany.

BT TOHBIRREEEZYERR LRKE KL HIF Laurens W. Molenkamp HU% KR H /115

The 24th lecture “Topological Insulator: a new state of matter” was given by professor Laurens W. Molenkamp, a

famous German physicist and professor of University of Wiirzburg.

B+ I ENE R R E B MATIUR F 5RE 2R Robert J. Cava HURKALZM -

The 25th lecture  “Superconductivity: Where we are and where we are going” was given by professor Robert J.

Cava, Honorary Professor of Princeton University.
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BN ERIE Rt A [E R E R IE IR YIES K Peter Zoller 2% R

The 26th lecture “A Quantum Leap in Quantum Information---- Building Quantum Computers and Quantum
Simulators with Cold Atoms and Ions” was given by professor Peter Zoller, University of Innsbruck, and Institute

for Quantum Optics and Quantum Information of the Austrian Academy of Sciences.

LR RFEYIB LR E AR IR
The Distinguished Colloquium

2020 4, WRSHEEARE. HIRSERFERSRAKRS FRE HF IR BRDEIE
EFIRITHOEKE T ERRFERIEA TR
In September 2020, the Distinguished Colloquium of School of Physics was launched. The Ist lecture “Predictive
Discoveries of 2D Materials for Topological Superconductivity and High-Tc Superconductivity” was given by
professor Zhenyu Zhang, who is a Distinguished Chair Professor at University of Science and Technology of

China and serves as co-founding Director of International Center for Quantum Design of Functional Materials.

(i . RS

lll I'Iﬁ -.
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BB R RKEGHRAK. EERK
BIR T B HIE Max Tegmark 1EA FF /&

The 2nd lecture “Al for physics & physics for AI”
was given by professor Max Tegmark, a professor
doing physics and Al and physics research at MIT
as part of the Institute for Artificial Intelligence &
Fundamental Interactions and the Center for Brains,
Minds and Machines; serves as president of the
Future of Life Institute.

£ P EM PR ST RATR K
HBRER TR
The 3rd lecture was given by professor Yongzhen

Huang, Institute of Semiconductors.

FNHBIBHPEMARERIAXGE S
K RURZREMEABTEN AR PEMZE
PN S ESEAIIER el I SR S (AT

\;gig -I’# o

The 4th lecture “In search of X-ray quiet
stellar black holes” was given by Jifeng Liu, deputy
director-general of NAOC, deputy chair for the
School of Astronomy and Space Sciences at UCAS.

LEARRATRE
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—.. %RVl Academic Exchange

2019F 9 7, BEEARRFRERK
Mehmet Zeyrek —17 6 A5[a)db K Fo
YRR KIRFEEIR, RAYER
BT EHT. FREIBEERERAER
HES %, RRSWHE—PHR 7RI
FRIEEE, WPt IENFYE.
BRESEEFMRRIZENENRITEE
B, ST EREHER.

In September 2019, Vice President of
the Middle East Technical University

Mehmet Zeyrek, and his delegation visited
Peking University, and had a cordial talk
at linhuxuan with delegation of School of Physics, The Associate Dean of School of Physics Professor Xu
Limei, and Professor Mao Yajun and Associate Professor Li Qiang of the Department of Technical Physics.
This talk promoted the development of substantive cooperation between the two parties: strengthen the visits
and exchange of teachers and student in the fields of particle physics, condensed matter and quantum materials

science, ect., and recommend post doctors to work in China.

1A, RARFZREEIEFREREEFARES " TRT SFH EILRRKFERZRPOBILTET.
2019 REB P RRYRRERRFE . MMKFBARMNDRYERBIREBIRLAE, 2019 RRABZEKR
RYFRFRFEE. TENERSEDETRAAKERSERMNTENERSEDERRAELY
BETEAMSEHEREBN " THTFEFE ATTETHEL R,
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In November 2019, The Joint Symposium of Future Science Prize and Peking University was held in the
Overseas Exchange Center of Peking University. Professor Lu Jinbiao (2019 Future Science Prize Winner of
Material Science Prize, Professor of Physics Department of University of California at Berkeley), Professor
Wang Yifang (2019 Future Science Prize Winner of Material Science Prize, director of Institute of high energy
physics of Chinese Academy of Sciences) and Professor Xing Zhizhong (director of theoretical physics Division
of Institute of high energy physics of Chinese Academy of Sciences) gave wonderful speeches themed as

Neutrinos and the universe".

A A

- T S A ey SR S S ) T R A kA A (SR
AR A R B S T (N W A e

Appsintrsont Cmﬂ’m i{u--iuﬂ & Fro—tior Somiass of
d Pl eype I 8 ne (00 e established)
3 gy A .

2020 FF 1 B, wIURYIBF RIS F Gérard Mourou B /0)dEK, FHEI0 “BOLRENZ RAE R EAR
FEMEE (%) 7 TREBERSBENARIDEF RIS . Mourou BRI AKIFRASE TIERK
FROCZ R ET, TRMTERIRTR, HETHHEN.

In January 2020, Professor Gérard Mourou, the Nobel Laureate in physics, visited Peking University and
participated in the Expert Advisory Committee Appointment Ceremony and Frontier Academic Seminar of
"National Major Science and Technology Infrastructure for Laser Driven Multi-Beam". During his visit,
Professor Mourou deeply got involved in the international seminar on the construction of laser multi beam
facilities in Peking University, discussed and improved the construction scheme, and established an excellent

team.
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¥ AR2:1 Academic Conferences

2019 £ 5 52526 B, SRASASHEFREY 0 AERRARLE, ASSHERERIR
FzEN T RBESRKERESUERIITS . AXFHTEEIE T ENIN 0 RN ERFEEDR SE KM
BiE. #H +rIF1F” Mi?': T’EH'J/DTE%O

From May 25 to 26, 2019, following the 90th anniversary celebration of the establishment of atmospheric
sciences at Peking University, The Department of Atmospheric and Oceanic Sciences successfully held the
International Symposium on Climate and Atmospheric Environmental Changes. This seminar invited more than
30 domestic and foreign experts to give Frontier Reports on topics of climate, atmospheric composition, ocean,

and tropics.

6 33 H, HIEREFEEREMRRNIERRAFABDIINELREE T ERIAREFRTITSEL
RINFZTT, K8 9 PEXK I8 MERMBZAFMMRIMNERFE (B 14 58 FRERE
On June 3rd, the 7th International Symposium on Quantum Hall Phenomenon, co-sponsored by Beijing Academy
of Quantum Information Sciences and Peking University, was successfully held in Beijing. Experts and scholars
(including 14 foreign nationals) from 18 internationally renowned universities and research institutions gave

invitation report.

TRI1I-TASH, “HEEABSFERREFXNEN YERNEERTESWAEILERRFET,

From July 1st to 5th, the International topical workshop on the CEPC Physics and Detector was held in Peking

University.

8 H21 H—8 824 H, % _J& DRHBc R F &R 8RNI EILRmRKFZE47,

From August 21 to 24, the 2nd Symposium on DRHBc Mass Table was held in Peking University.
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5 xEE
Awards & Honors

2019 45
In 2019

o ‘IR N3 2019 EEERFMIETT ARAR TV EIR S

"Physics" was selected as one of the national and Beijing first-class undergraduate construction majors in
2019.

o REFEYBEFRALFERIFEMNIL2019FEHEM(EH) BMFRHRLFELEFFITR 2.0
%i@o
" Weiming-scholar Top-notch Undergraduate Training Base of physics " was selected as one of the bases

for the Top-notch Undergraduate Training Scheme 2.0 of Ministry of Education in 2019 (the first batch).

° BREHFKFE-RILFATESEFIRFFHFRINK.
Mu Liangzhu won the 3rd Young Teaching Teacher Award of Beijing high education schools.

o DEBIHH “HEYEHE HFERNRIERSKAEFTARE AFB.
Ma Bogiang and his "Methods of Mathematical Physics" teaching team was selected as one of the

Excellent Undergraduate Education Teams of Beijing high education schools.

o WEZBFHH “WMFE NAIERSRUELARBEMRGERTIE.
"Thermal Science" of Liu Yuxin was selected as a key project of quality undergraduate teaching materials

and courseware of Beijing high education schools.

o PEAA. VRERE. X, EPMT AL IAL 2019 FAERH EBRSEFFRMFT AR AL L IRIT (1B
), Bzl Kb L. RRNREEFTELRIT (8 5SS
The theses completed by Lu Yukun, Xu Zhaojian, Liu Yue, Pan Shuhang, respectively, were selected
as the Outstanding Undergraduate Graduation Designs (theses) of Beijing high education schools in
2019; Xiao Yunfeng, Zhu Rui, Feng Ji and Shi Junjie won the Outstanding Graduation Design (thesis)

Supervisor.
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ERKFSERTRNTE “BoRR#HEREARBEMIZE" 3k 2019 FEERBFRAR#L—
ER (BffkEm: 3/10) .

The project "High Magnetic Field National Large Research Infrastructures" completed by Peking
University was awarded the First prize National Science and Technology Progress Award in 2019 (Peking
University ranked 3/10).

I TREF. RABETHNNE “BrKEE FHNRFEMMOEEL" Nk 2018 FEHE
B+, (2019 F2 5185%)

The project "The effect of hydration number on the interfacial transport of sodium ions" completed
by Jiang Ying, Wang Enge, Xu Limei, et al., was selected as one of the Top Ten Advances in Chinese
Science in 2018. (Revealed in February 2019)

I TRE. RABETHNNE "MEXERBTKEBFHRULEH” AL 2018 FEPET
Kt E. (2019 F 1 B18E)

The project completed by Jiang Ying, Wang Enge, Xu Limei, et al., "The effect of hydration number
on the interfacial transport of sodium ions" was selected as one of the Top Ten Chinese Science and

Technology Progress in 2018. (Revealed in January 2019)

FTRE. T THE. ZHE HRETHNIE “RFRETKNERESSEEFUREAR"
3% 2019 FESEFRMEMAMFTARE (RFEHAR) BABZ—EK,

The project completed by Wang Enge, Jiang Ying, Li Xinzheng and Xu Limei was awarded the First
Prize of Natural Science Award of High Education Science Research Excellent Achievement (Science
and Technology) in 2019.

BRHG KR BRELE. WETHPNIE “BEXRSERAKERBT RO UFEHRR" 3%
2019 FESEFRBAPRUAFTHRE (BFER) BARE-SFK.

The project completed by Fu Zongmei, Zhang Lin, Zhao Chunsheng and Kuang Ye was awarded the
Second Prize of Natural Science Award of High Education Science Research Excellent Achievement

(Science and Technology) in 2019.

BEK. BRE. =K Vg TEETHNIE BEBFEGKRKEARE" 352019
FEIERTRFEARBRAB AR SR,
The project completed by Yang Jinbo, Han Jingzhi, Yang Yunbo, Liu Shunquan, Wang Changsheng was

awarded the Second Prize of Beijing Natural Science Award in Science and Technology in 2019.

SRT HBAETERERAFYIELER L.
Gao Yuanning and Tang Chao were elected as Academicians of the Chinese Academy of Sciences

(Department of Mathematics and Physics).

IHEEEEYEFEE T,
Jiang Ying was elected as American Physical Society Fellow.
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HEBIRXESRFRE T

Meng Zhiyong was elected as American Meteorological Society Fellow.

P R EE S BR N 28 K £ 2019 £ Hogil Kim fnksg %,
Yan Xueqing won the Hogil Kim Prize of the International Particle Accelerator Conference in 2019.

BRFRERAEE SN BYERESTFRERE.
Yang Xiaofei won the Young Scientist Award of International Union of Pure and Applied Physics.

Z=4E3k Richard M. Goody ¥,
Li Jing won the Richard M. Goody Award.

Nz HRPERFEFEET.
Liu Yunquan was elected as Chinese Optical Society Fellow.

IHRETLRTESFSFERERK.
Jiang Ying won the 15th China Youth Science and Technology Award.

VLA 2019 FEAERHARE BT FRRNK,

Jiang Ying won the Beijing Outstanding Youth Zhongguancun Award in 2019.

FR3IK 2019 FESEFRMEPARUAFTARE (RFEER) SERFE,

Wang Jian won the Young Scientific Award of High Education Science Research Excellent Achievement

(Science and Technology) in 2019.

NEERT KYEF K ES - TRERYEH OHIRTE.
Liu Xiongjun won the AAXPPS-APCTP C.N. YANG Award.

HmlE. K. INKEDFRPEVEFSRERYER. TrEYER. FREYIER.
Xiao Yunfeng, Zhu Shilin and Sun Qingfeng won the Rao Yutai Physics Prize, Wang Jianchang Physics
Prize, and Zhou Peiyuan Physics Prize of the Chinese Physical Society, respectively.

UERPESFF S ERFTEMAF EX.
Wang Jianwei won the Second Prize in Rao Yutai Fundamental Optics of the Chinese Optical Society.

SEET=ETEEREFSEFRRE.
Gao Peng won the 13th Youth Science and Technology Award of the Chinese Ceramic Society.

HELRAFTREERER.

Lou Jianling won the Hu Jimin Education Science Award.
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MBUBANEEMEPERFEADEEFATRETRE,
Shao Lijing was Selected for the 4th Young Talents Support Project of China Association for Science and
Technology.

2020 4 )5
In 2020

CRXEFET N 2020 FEERF—RAR T WK

"Astronomy" was selected as one of the national first-class undergraduate construction majors in 2020.

REFERSRFRANFEZFEM” NIE 2020 FEHEE (L) BMERRARSERESR
T4 2.0 Eth .
" Weiming-scholar Top-notch Undergraduate Training base of atmospheric science" was selected as one
of the bases for the Top-notch Undergraduate Training Scheme 2.0 of Ministry of Education in 2020 (the
second batch).

BB F Y R NEE R B E—RARHREE, A0 AR ERFHN ERYEIR” “HFY
BRHE NEEHERRE T —RAFhRE.

"Thermal Science" hosted by Ouyang Qi was selected as one of the national online first-class
undergraduate courses, while "Modern Laboratory Physics" and "Methods of Mathematical Physics"
hosted by Ji Hang, Ma Bogqiang, respectively, were selected as the first batch of national offline first-class

undergraduate courses.

RERH “BHF NEIERSRAEFAEIRE.
"Electromagnetlsm hosted by Meng Ce was selected as one of the outstanding undergraduate courses in

Beijing universities.

TR BRE . TR TR AL 2020 FIER T EBEEFRUAFTARAE LR (1830,
= BE. ﬁj?m*ﬁﬁﬁ%ﬁ?jﬁﬁﬁ (1B30) 15SHUM.

The theses completed by Qi Ruishi, Zeng Yaoxuan, Li Jiaxuan, respectively, were selected as the
Outstanding Undergraduate Graduation Designs (theses) of Beijing high education schools in 2020; and
Gao Peng, Yang Jun, He Zishan won the Outstanding Graduation Design (thesis) Supervisor.

SFTHMR X IERAFYEFRR AT LN ERFPER R RIEFRSKE+—RBETEH
DB FEARINL R T —
The thesis completed by Wu Taoli won the first prize in the 11th Basic Teaching Skills Competition (Thesis

Competition) for Young Teachers in Beijing high education schools.
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ize. R PREA. REETHMIE “RFAFINFBRCHHEFIEEZR" 3% 2020 F
EeEFRHMFMARFTRARE (BFEEAR) aARFE—SX,

The project completed by Liu Yunquan, Wu Chengyin, Peng Liangyou and Gong Qihuang was awarded

the First Prize of Natural Science Award of High Education Science Research Excellent Achievement

(Science and Technology) in 2020.

NS EEETHANMARRRE “FEXRAERRF BRERALR" AL 2020 FFHE+RKL
Rt & o
The research completed by Li Kejia and his co-workers was selected as one of the Top Ten Astronomical

Science and Technology Advances in China in 2020.

FHRMEEEETHNARAR “BERRARES BRFENEHNEBFERIRFFL" AL 2020 F
TEBERBFHR.

The research completed by Li Kejia and his co-workers was selected as one of major scientific advances
in China in 2020.

MRS SGEETHRNFRAR “KARTRR. REEEREERBEEENTEE" Nt
2020 FHEBE KRR,
The research completed by Liu Kaihui and his co-workers was selected as one of major technological

advances in China in 2020.

SIS EEETANARAR “BE RN S MEEHESFEHTHKBORE" . WABSaEE
SR ARMR KRASEHREHLREEENE NL2020FE(HE) PEF AT RFRER.
Cooperative research works of Ma Renmin and Liu Kaihui, respectively, were selected as the Top Ten

China Semiconductor Research Advances in 2020.

SLCESEEETRNERMRANR “SEM: BESEM T TFHRMHEANAE  SE5&EE
STHMEMARMR “EEREAMA FRUHTHEREIN ME = E. REEETHNNBHR
PR MBS REERS A RICHAR AL 2020 FEPERE T REtR-

The research works of Ma Renmin and his co-workers, Xiaoyunfeng and Gong Qihuang, respectively,

were selected as the top ten advances in optics in China in 2020.

FRHEPEAFERR

Li Yan was elected as Chinese Optical Society Fellow.

SRTIX 2020 FEKERERFR (BIERFR) .

Gao Yuanning won the Tan Kah Kee Science Award (Mathematics and Physics).

PUFIRIR 2020 FREATRAMBFERAR#E TR (DEFE) .
Yan Xueqing won Ho Leung Ho Lee Award for Progress in Science and Technology (Physics).
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o RAFRBERXFZFTHEKATR.
Wu Yuefang won the 15th Zhang Yuzhe Award of the Chinese Astronomical Society.

o JIFIRE/NELCRFZHETMNE.
Jiang Ying won the 8th Nishina Asia Award.

o TEEIRIK 2020 FEEKEAYIEERLF ST MAHE
Jiang Ying won the Achievement in Asia Award (AAA), Robert T. Poe Prize of International

Organization of Chinese Physicists and Astronomers.

o HznERFETNETEFFREK.
Xiao Yunfeng won the 16th China Youth Science and Technology Award.

° BRIERFTLERPESTFLRFRE.
Yang Xiaofei won the 17th Chinese Young Women Scientist Award.

° H=zIER 2020 FEMBRSFRFER (FEEARZER) .

Xiao Yunfeng won the Tan Kah Kee Youth Science Award (Information Technology Science).

o AAPREZERBREREE.
Dong Subo won the 2nd Science Discovery Award.

o AINIE 2020 FEARKLRERITRI

Liu Can was selected for Future Women Scientists Programme in 2020.
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