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. I MESSAGE FROM THE DEAN
BRi<HE

The discipline of physics at Peking University dates back to 1913, when it pioneered university-level
physics education in China. Since its founding, we have attached equal importance to teaching and
research. While pursuing academic excellence, we have remained steadfast in our commitment
to serving the nation through science, making distinguished contributions to China’s scientific and

technological advancement.

Talent cultivation is at the heart of our mission. Through a series of strategic initiatives for nurturing
outstanding students, we are dedicated to educating a new generation of exceptional talent with solid
foundations, broad perspectives, and strong capacity for innovation, thereby providing robust support

for advancing the frontiers of science and technology worldwide.

Today, the School brings together leading scholars and scientists of international distinction, forming a
strong, multi-generational academic community. Driven by fundamental scientific questions and major
challenges, we systematically advance basic research and frontier exploration, continue to deepen
our work in original innovation, and have produced a number of major original achievements with

international impact.

Guided by the principles of openness and inclusiveness, we continue to deepen strategic cooperation
with the world’s leading universities and research institutions. In our areas of strength, we are building
academic communities with international leadership, with the aim of further enhancing the global

influence of Chinese physics.

Standing at a new point of departure, we will continue to focus on national strategic needs, promote
interdisciplinary integration, and strengthen collaboration among academia, research, and industry.
In the face of global scientific frontiers and the challenges of social development, physics at Peking
University will shoulder the mission entrusted to us by our times—with resolute action and the courage

to innovate—as we work together to write a new chapter for the future.

YUMQEyaéQub

Dean of the School of Physics, Peking University
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In 2023

2023 F, 2EFS . RAEL 20 Kistd, SMABRK, BUELFS, RERERE,

In 2023, the School of Physics thoroughly studied and fully implemented the guiding
principles of the 20th National Congress of the Communist Party of China. It organized visits
to red-themed exhibitions to strengthen theoretical learning and consolidate the ideological
foundation.

2023 F 2 B, PESRBEENESAFABIREEN S, IEREECINRAF PO, BTE
EFMRRNFAETMIRERIZT, NABFMIENHFSTHEMEIR,

In February 2023, the Key Open Laboratory for Tornado Research of China Meteorological
Administration was officially launched. The Beijing Laser Acceleration Innovation Center
and the Interdisciplinary Platform for Light-Element Quantum Materials completed the trial
operation of equipment, and the Nanophotonic Fabrication and Testing Platform finished its
basic construction.

2023 F 4 B, AR 31 FisRARYIES 101 111" iR,

In April 2023, the School of Physics organized 31 universities to advance the development
of the Physics "101 Program".

2023 58, "EBEYEIR’ F4 [ NRERTE_HERE —RARHRE,
In May 2023, four courses including General Physics Experiments were named the second
batch of national first-class undergraduate courses.

4 | %% BI-ANNUAL REPORT e © 00

DEVELOPMENTS I .
RRi#E

2023F 6 B, EMEZERSRRAZERPLO, #EHELEELIL,

In June 2023, the National High-Level Talent Training Center for Physics was initiated, and
the PhD Student Excellence Program was promoted .

2023 F 6 B, NEILRAKELEM AR SEKER,

In June 2023, the School of Physics was selected as a Textbook Research and
Development Base of Peking University.

2023F 6 B, FRISHKWIRHHEBIRFBERIRTI/NR, 2023 F 12 BRIFILRKFR
BIRZR,

In June 2023, Trade union of school of Physics was awarded the title of Advanced Faculty
Home by the Beijing Municipal Education Trade Union, and was named Model Faculty
Home of Peking University in December 2023.

2023 F 7 B, WRXFERRAEZERITFICRERIOERERERAHR,
In July 2023, the Party Branch of the Institute of Modern Optics was honored as an
Advanced Primary-Level Party Organization among Beijing universities.

2023 7 B, APIARARFZEUWDEEREHFR, K519 E 16 ek 52 8ARESS,
BIEERESE. 8MktFE 16 (/NEERFERM,

In July 2023, the School of Physics hosted the International Summer School on Basic
Physics of Peking University, attracting 52 undergraduate students from 16 universities in 9
countries. Nobel laureates, 8 academicians and 16 other foreign experts were invited to give
lectures and conduct academic exchanges.

2023 F 10 B, LA "JbRWE BEMMN TEMR" AER, ENIERKENEZRE 110 &
FRIED,

In October 2023, a series of activities marking the 110th anniversary of the founding of the
Physics Discipline at Peking University were held under the theme of "Physics at PKU: A
Century of Growth, A Decade of New Vitality".

0o0oe BI-ANNUAL REPORT & | 5
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BRESTAF— "W BIREW, REARDBESGHESL, STREVSEFEFEERER, L
THERENZRERELRE,

The School of Physics successfully completed the self-evaluation for the new round of the
"Double First-Class" construction, focused on rectifying and implementing the problems
identified in the first round, finished the annual submission of monitoring data, and promoted
the high-quality development of the discipline through evaluation-driven improvement.

[

2023 F, FEEZEUFRHHRER 1A HESRKIZEFBZR 1A BRAEFS A BR
BEANZESCFAREHE 1D, EAKBRZREEEN.

In 2023, one new faculty member was granted the Special Government Allowance of the
State Council, one was appointed as a Chang Jiang Scholar Distinguished Professor by the
Ministry of Education, five were awarded the National Science Fund for Distinguished Young
Scholars, and one innovative research group was approved by the National Natural Science
Foundation of China, forming a reserve echelon of strategic scientists.

FIlRImEEAE—EESIBITEE &% SCI X2 800 &, HEdh7E Science. Nature &FF.
PRL. PRX. PNAS k3% 60 &, BIKBEF 6311,

Faculty and students of the School of Physics published approximately 800 SCI papers as
first authors or corresponding authors, among which more than 60 were published in top
journals including Science, Nature and its sub-journals, Physical Review Letters (PRL),
Physical Review X (PRX) and Proceedings of the National Academy of Sciences (PNAS);
63 invention patents were authorized.

FEERERMRMNERERENIE 7 MIERSIEXIE 51, EREARFZERESEKX
WRitk (&EEHR) B 11 ERIE 41, FRERFHNFERE AR ESHHIIE
14

The School of Physics secured 7 regular projects and 5 international cooperation projects
under the key special programs of the National Key R&D Program, 1 project under the Major
Research Plan (Strategic Research) of the National Natural Science Foundation of China
(NSFC), 4 key projects, as well as 1 project each under the Original Exploration Program
and the National Major Scientific Research Instrument Development Program.
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2024 £
In 2024

2024 F, RAFIRN_TE=I2252ELEA=EE, IIARRLEINEG, ™K

< UAs

&7& 5 i}‘(i” %Ufgﬂﬁiﬁﬁju%ﬂﬁﬁﬁlﬁﬁw

In 2024, the School of Physics further studied the guiding principles of the Third Plenary
Session of the 20th Central Committee of the Communist Party of China and the National
Education Congress, carried out the education on Party discipline in a solid manner, and
strictly implemented the "First Topic" system to follow up and study the important speeches
and instructions of General Secretary Xi Jinping.

2024 F 2 B, BEHMMPNKSRFHRRMERSEREIRIK 2023 FEPEBFRIEX,

In February 2024, Professor Grigory Ginov from the Joint Institute for Nuclear Research in
Dubna, Russia, was awarded the 2023 Chinese Government Friendship Award.

2024 F3 -5 B, AR"MPEZ" "KXZ""RERZ" "BRZSEKR" IPERFRITICRH,

From March to May 2024, the School of Physics organized discussions and research
on four disciplines: Physics, Astronomy, Atmospheric Science, and Nuclear Science and
Technology.

2024 F 4 B, BRARUHAZREREILEMHE 4 TRANIE 2024 DXICIEEREX
RHRRR.

In April 2024, four achievements including the original theory and materials of twisted boron
nitride optical crystals were selected as major scientific and technological achievements of
the 2024 Zhongguancun Forum Annual Meeting.

2024 F£5 B, LR/PEE—BRFENINELE 60 AFE, FRFAS T,

In May 2024, to commemorate the 60th anniversary of the successful detonation of China's
first atomic bomb, the School of Physics held a series of thematic public lectures.

0ooe BI-ANNUAL REPORT & | 7
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2024 £7 B, #NEMYEEREHFR, BI5 I UHERMRMER. NBFFEFEFRE
BHE, R 22 R,

In July 2024, the International Summer School on Basic Physics was held, where 9 world-
leading scientists and outstanding young scholars were invited to deliver English lectures,
with a total of 22 academic talks offered.

2024 F 9 B, FRIKIFFR 2023 FES| A B S EHER,

In September 2024, the School of Physics was awarded the Advanced Collective for Talent
Introduction and Cultivation of Peking University for the 2023 academic year.

2024 &£ 10 B, £ER5|# 2018 FIEN/RYIEBZRREEBEHIR,

In October 2024, the School of Physics recruited Professor Gérard Mourou, the laureate of
the 2018 Nobel Prize in Physics, as a full-time faculty member.

2024 F 12 B, MENESERSNBERECELESFEFSRIMBEARRRE. ERMIREL,

In December 2024, the Physics Science Popularization Volunteer Service Program won
the Bronze Award at the 7th National Youth Volunteer Service Project Competition and the
Silver Award at the municipal level in Beijing.

BITHMEZEWAREERLR, @2 "Bil + NA + X" ZU—F0NEFRER, FA D
BEANTIER" F51RE, HE 51D "MEF +X' [IXBOMRERR,

The undergraduate training program for the Physics major was revised, and a trinity training
system integrating "foundation + application + interdisciplinarity" was improved. Five new
courses such as Physics and Artificial Intelligence were launched, and five interdisciplinary

core course modules of "Physics + X" were co-developed.

DEVELOPMENTS I .
RRi#E

2024 F, FIBRHEL "RIFEXMIY" FREREE 32 ERAE 3R, "BAWH" B
FAEAT . BFERRATE1E, BHE. FER. REERNEZESRBURERELY.

In 2024, three new faculty members were appointed as Chang Jiang Scholar Distinguished
Professors by the Ministry of Education, three were awarded the National Science Fund

for Distinguished Young Scholars, one was selected as a Leading Talent in Scientific and
Technological Innovation and one as a Young Top-notch Talent under the National Ten-
Thousand Talents Program. Ma Bogiang, Xu Furong and Wu Xuebing were approved for the
Special Government Allowance of the State Council.

FRImEEAE—EESIBTEE &% SCI 84 750 &, HohfE Science. Nature & FF/,
PRL. PRX, PNAS ETMARELAEXNEARR, BNLBEEF) 64 I,

Faculty and students of the School of Physics published about 750 SCI papers as first
authors or corresponding authors, among which more than 100 were published in top
journals including Science, Nature and its sub-journals, PRL, PRX and PNAS; 64 invention
patents were authorized.

EERERMAMTNEREZIME, NSFCEX. ER. REORRITY. BRESKORZH
RESTBNEREARHUSHAFINE 17 7,

The School of Physics obtained 17 new projects, including those under the key special
programs of the National Key R&D Program, as well as major projects, key projects and
projects under the Original Exploration Program of the NSFC, the Global Science Research
Fund, and the National Major Scientific Research Instrument Development Program.
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ASHR

AR

TRHMESERN

DIVISIONS
TREHE

219

LERFAR
Teaching and Research
Personnel

£H
BERT

Active Faculty
and Staff

71,

TH | TRREAAR
Experimental/Engineering
Technicians

18.

TBRARRIA
Administrative Staff
and Workers

2381 .

ARt

Enrolled Student
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90.

Full Professor

35.

KESEIHIE
Associate Professor
with Tenure

6.

= o=
BIHRR
Research Associate
Professor

1.

BELIR

Teaching Full Professor

43 .

BIHUR

Associate Professor

14

BEBHRRA
Research Assistant
Professor

4,

MRR
Research Professor

38.

BNIRHR

Assistant Professor

14

Hm

Lecturer

ESRIER
Professor of
Engineering

10

BRIEI
Senior
Engineering

38 .

22,

T

Engineer

S ]
Lab Master

14

1045,

ARE

Undergraduate Student

115.

M4t

Master's Student

12214

EtE

Doctoral Student

™

®

®

L@ HFE D Teaching Center for General Physics

HWIBSL g Teaching Center for Experimental Physics
EICYIBFF S P Institute of Theoretical Physics

A K ZHFFRFR Institute of Modern Optics

RERAYIIE SR IBIF SR Institute of Condensed Matter and Material Physics
AR Z Department of Technical Physics

BB FYIEFZRFT Institute of Heavy lon Physics

X F 2 Department of Astronomy

A5 538%R% & Department of Atmospheric and Oceanic Sciences
BFRMESLW = Electron Microscopy Laboratory

EFHMREZ DL International Center For Quantum Materials

JERICH AR PO
Beijing Institute of Modern Physics

ERRZREBFRERZ DL
Frontiers Science Center for Nano-Optoelectronics, Peking University
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\ e —1
ZBOMVMARER
EiCY B R R

Institute of Theoretical Physics

HEICMERRAAEZIRT 19 A, EhHR (SR, BB, HRRF) 18 A, DATHAR 1
Ao EZRRTEEE: BREFHEF. AFPE, 2FPE. ZYE. BRTELSHRIYES, PR

BAFRNFRENWEERUERRFHEDIRE,

There are 19 members in the Institute of Theoretical Physics, consisting of 18 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.

O EMERENARERERE

BYRNARESANFYEZEXAKYBS
T REANRFEMRRZ —, FREDEROIRLFE
AR e B AR E R R M I IR X B R,
BERUAZNFHERILNER, FRHOX
FREHHEEEAAF (WIMP) #E EE BB
FITEABRIATNTHEMNENENREE, K
HLLRERARBELONBEES. A, REBE20
HEL 80 FRLRLIKAR T KEEHERNILRK,
WIMP B4 RV ENE R E SR A,

5 WIMP X2k 7 EE R EREBY REXT
R, BREYREZNHEFEEDNEE, AHEE
MENFEFE, BREVENHZEEES, o
BEBEF0OHAR, BERAAKER T, BXFIER
FREBREZ SMN—F U BREF, SHIE

12 |4k BI-ANNUAL REPORT e 000

ZKEBICHINEZBUZ FHRAEB AL D, BT
PR T BRI F B BB, BEYCF O] SRS
BXFRENNFRE, NS BB ERERM
BHBE. XMEARERENEXTF, E2KH
BBEY) REVE BN,

X R B AE T HR T B AR H A ST R B IR R
BERUECFEYMRNFAZE (Phys. Rev. Lett.
130, 181001 (2023)) , EFHNFREMMN, B
HFENRRSI A BETERFAYARE B
FHRTRS, FESEMERMS BIESN., ZY
BEGO XL AEXFEYRE RN "BFEEMNE
BREN, HEEMEXHEXFREE—HRZE.
XIRTAEE RICIE T A B FAST 5 B B in i R In
M TEYRE RN TT, %R "Featured

in Physics” & = X &, H = F APS Physics.
Physics Today LA Phys.org & E R E S AL T)
MEANEIIRE,

AECRERLFHE, EREBRSIRE—MRA
BIFERRN G R: NREXFEYRHIEE,
BAXMHEHZER (HBFEERETEFE FHAHM
R) MYMA—NRAN RN, EBRKEN
FHIRE ATV R L BIES . 2024 F,
XIERB AR A LOFAR 5Y BB 22 iz 55 A9 K BE XL 24
|, LT EARBICHR, AMUEIET WKB M
AR EHNITE PRI EM, E1E 30-60 MHz 41

srwcanna | B

BAHTIESRM™ENELF - X FRBREBEIRS,
XIRAY B & Z=7E (Nature Communications 15, 915
(2024)), HFANEXXNETERFHE=R' (Editor
Focus) LAK (BRA) HBRXNFEBMRT R,

LR ANABREEYRNLORREM T
WHRE, tE—SHRETRAYMESKFYIERN
RXMRIE, BEEH—AHBEITE (41 SKA,
FHRJEH FAST) HIRAER, A EBEXNER
BEYCFIEM R ME ST BRI ZIR, HNEY
FRE IR ERLR,

© Research Progress on Dark Photon Dark Matter

The nature of dark matter remains one of the
most profound scientific mysteries in modern
particle physics and astrophysics. Studying
the particle properties of dark matter not only
provides crucial clues for new physics beyond
the Standard Model but also deepens our
understanding of the fundamental composition of
the universe. The traditional Weakly Interacting
Massive Particle (WIMP) paradigm, whose
thermal freeze-out mechanism naturally explains
the observed cosmological abundance of
dark matter, has long been regarded as the
most compelling candidate. However, despite
extensive direct detection experiments conducted
worldwide since the 1980s, definitive evidence for
WIMP dark matter has yet to be found.

In contrast to the particle-like behavior of
heavy WIMPs, ultralight dark matter exhibits
distinct wave-like properties. To account for the
cosmological abundance of dark matter, ultralight
dark matter must have an extremely high number
density, allowing it to be described by classical
field theory and requiring it to be a bosonic

particle. The dark photon, a hypothetical U(1)
gauge boson beyond the Standard Model, often
emerges in low-energy effective field theories
from extra-dimensional compactifications in string
theory. Through kinetic mixing induced by loop
effects of charged particles at high energy scales,
dark photons can couple extremely weakly to
the Standard Model electromagnetic current.
Such ultralight dark photons represent a prime
candidate for wave-like dark matter.

Recently, the research group led by Liu Jia
proposed a groundbreaking method for directly
detecting dark photon dark matter using radio
telescopes (Phys. Rev. Lett. 130, 181001 (2023)).
Due to the kinetic mixing effect, dark photon
dark matter can induce coherent oscillations of
electrons in the reflective surfaces or antennas of
radio telescopes, generating monochromatic radio
emission. This phenomenon can be analogized
to a "dark cosmic microwave background"
produced by dark photon dark matter, with its
peak frequency uniquely determined by the
dark photon mass. This work demonstrated for

0ooe BI-ANNUAL REPORT &£igk| 13
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the first time the feasibility of using calibration
data from the FAST radio telescope for dark
matter searches. It was selected as a "Featured
in Physics" highlight and received extensive
coverage in leading scientific outlets such as APS
Physics, Physics Today, and Phys.org.

On the theoretical front, the group had earlier
proposed an innovative detection scheme:
if dark photon dark matter exists, the solar
corona—-whose electron density determines
the plasma frequency—should act as a natural
"detector," resonantly converting dark photons
into observable monochromatic radio signals.
In 2024, the team implemented this theoretical
approach using solar observation data from
the LOFAR radio telescope. It validates the
reliability of the WKB approximation in oscillation
conversion calculations and established the most
stringent experimental constraints to date on the

O I XXMREFEBNHFTERE

MREENEZPEREENROERER
—, EEXR, BEYEZRBIL T X THIREN
WS, B TR, HhEEFRESY
B LS AR LU B BAE XS FREAR S8
SEEBENRMLE, HRVEBEICPH XHREFE
ANEBRIEMIL. BBEHENDEN G RH TN
=8

FT-EHRRBBAET XIREREREFT
ZAENRAHRR, T—BHRRASEEERIE
% IM- B JLIMET A, BERUHETIFEZE
BHBXIRELIHICRE ITRERE't Hooft
RE, HIA0 ADS4/CFT3 2R XN Bt ELN =4

14 | €4k BI-ANNUAL REPORT e 000

dark photon—photon coupling in the 30-60 MHz
frequency range. This result was published in
(Nature Communications 15, 915 (2024)) and
was featured in the journal’'s "Editor Focus" for
Astronomy and Planetary Science, as well as
highlighted in Nature's special collection on radio
astronomy.

These studies not only provide novel experimental
approaches for ultralight dark matter searches
but also expand interdisciplinary research at the
intersection of astrophysics and particle physics.
With the next generation of radio telescopes—
such as the Square Kilometre Array (SKA) and
the upgraded FAST—coming online, this method
is expected to yield even more precise constraints
on the properties of ultralight dark photon dark
matter, potentially offering critical insights into the
verification of dark matter.

ABJM I 5 =% N=2 1210, HXXLFHICHYIE
MRMETHMS (JHEP 02 (2023) 226) , WE
NE#SI A 70 iR,

F-EHRRETIRERARE T —REH
WX RER, BIEXENSE TR,
EOELFREBE 3/2 BRI F _LBRNTFEIX EIFRIE
(SciPost Phys. 15 (2023) 4, 142) , fELLE A |,
F-EHRRAERASEEEH—SRARR T
AL R BIFRIER A AR, HEWT
BROPRI T —F/ T B HNAL 5 22K FREMHF

%) (Phys. Rev. D 110 (2024) 10, 105020) .

ETUHHHREM, T BEHRISEES
SR Y IE F E B LR B F Physics Reports E

srwcanna | B

KERTT XHRMEEBRNLZAXE (Phys. Rept.
1065 (2024) 1-43) ,

© Research Progress on Generalized Symmetries

Symmetry is one of the most fundamental and
central concepts in physics. In recent years,
the theoretical physics community has seen
the emergence of new concepts known as
the generalized symmetries. These include
higher-form symmetries, which act on extended
operators, as well as categorical symmetries
beyond the traditional framework of symmetry
groups. It is expected that generalized
symmetries can provide new perspectives for
understanding the physical mechanisms of non-
perturbative and strongly coupled quantum field
theories.

Prof. Yinan Wang's research group has carried
out comprehensive and in-depth studies
in the field of generalized symmetries from
multiple angles. Utilizing geometric engineering
techniques in superstring and M-theory, Prof.
Wang and collaborators were the first to
compute the generalized symmetries and their
't Hooft anomalies for a number of well-known
superconformal field theory models—such as
the three-dimensional ABJM theory and 3D

O FLEMEEFREHRER

ERYMEANRRSYENEEZENR, —EHZ
MRBFESTANEEFD, EAEXHRMAR (U
BUNAMEFERYN) B2 RREBELRE,

N=2 theories commonly appearing in AdS4/
CFT3 holography setups, making new physical
predictions about these theories (JHEP 02 (2023)
226). This work has been cited over 70 times in
two years.

Furthermore, Prof. Wang led the group in
proposing an entirely new type of generalized
symmetry: the fermionic higher-form symmetry.
They found that such symmetries naturally exist
in theories involving massless spin-3/2 particles
(SciPost Phys. 15 (2023) 4, 142). Prof. Wang's
group, together with collaborators, further
explored how to gauge such global symmetries.
In the process, they discovered a novel
mechanism for giving mass to free Dirac fermions
(Phys. Rev. D 110 (2024) 10, 105020).

Based on these foundational works, Prof. Wang
and collaborators were invited to publish a
comprehensive review article on the topic of
generalized symmetries in Physics Reports (Phys.
Rept. 1065 (2024) 1-43).

EFEFR, FLMEREN (BNEREESHDBR
B ZRREREFLMERN) BEMREHYE AR
SEAKREN, RARRSHES Bies FFIEH
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ERR. BE, B/RYNOUSNIFRENER
MA@ BRF BN EFER:

Ja= OB+ ZapeEpEc+ - Eh a,b e (x,y,2), 0,
EEMERBEE YoME ML EERS

/oﬁ—ﬁﬂxﬂﬂh%%%%uh17%%%%

WRE, BAFREINE. SREENE FREFFEE

TIERRE,

EIMIRRERBNBEFSHIMELR, &8
FRHOERAEEKRED. Am, EXRHBIMR
DI ESEEHENRRZBENFIDEESRN,
FCE R = 18 RIE XS R AR ER A AL 5 = A5 1 BA
BEMREASEFEBIELIHESEMN, BX
BRT BRIBIME ZrTe sSEEPHNBERZEBRE
MIRERRIAR ., HRERE, ZURETEDBE
SAMHNEASBEE, FHRETUT 2E893F%
MR B ERNAMESHE BN, BIEILBBK
M kpEE, HPE—FEBETBBREMESI
HMEREBR. NEBUZBNERBEXR, X

—KIARRBET ZrTe sh B S WSHEREIR
FW, EATEBREME D ONRIERERE T
B, EXRREET (MEFLRKR) (Phys.
Rev. Lett. 132, 266802 (2024) ) .

REGUARBEGRBRNNDEMNED TIMEMN
#, BRAT—RBIREFHRENEREEARR, A
m, EBORSTE--EREEN SN —EHR
R, BEEMEBREASSEERE T —ET
AIEFEEMERINNE/REXELBEFRN ﬁxo
PAZ#EZ TR MnX (X =S, Se, Te) A, &
REAAFTUN HIE LM E/RBEZETIX nm-mA/V? %
R, RIEGMFEIRT 2 MIER ., BEWFEHEE,
ZRMN O LN/ RRENCON R, HES
MENTYT B, X—EAWMANA % REHF
1%%%#?%1 TRENESERBER, BAEIHED
. OREBRRBTHREGEE TREM., XK
%Zvi%ﬁz (MEFILIRIR)  (Phys. Rev. Lett. 131,
046801 (2023)) .

© Research progress in nonlinear quantum transport

As an important phenomenon in condensed
matter physics, the Hall effect has always been
an important window for studying electron
transport behavior. Its related research results
(such as integer and fractional quantum Hall
effects) have won Nobel Prizes many times. In
recent years, the nonlinear Hall effect (i.e., the
secondary and higher-order nonlinear effects
of the Hall voltage and longitudinal current)
has become a frontier hotspot in the field of
condensed matter physics and spin electronics
due to its unique physical connotation and
technological potential. Conventionally, the Hall
effect can be equivalently expressed as an
expanded form between the transverse current
and the longitudinal electric field: |_a=0_ab E_
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b+x_abc E_b E_c+---, where a, b € (x,y,z), 0_ab
is the linear Hall conductivity, and x_abc is the
second-order nonlinear Hall conductivity. This
effect not only provides a new experimental probe
for exploring topological states, but also opens
up a new path for the development of low-power,
high-sensitivity quantum devices.

Topological materials have shown great potential
in the field of quantum devices due to their
unique electronic states and physical properties.
However, the origin and regulation mechanism
of nonreciprocal transport properties in layered
topological materials are still controversial,
especially the microscopic mechanism of
spatial inversion symmetry breaking needs to

be clarified. Huang Huaqing's research group
and collaborators revealed for the first time the
spontaneous spatial inversion symmetry breaking
phenomenon in the layered topological material
ZrTe 5 film through theoretical calculations
and simulations. The study showed that the
phenomenon originated from interlayer slip
and subtle intralayer lattice distortion, and thus
predicted significant nonlinear anomalous Hall
effect and dynamic magnetoelectric response. By
establishing a slip-dependent k-p model, the team
further clarified the direct coupling relationship
between slip ferroelectricity and nonlinear Hall
current and orbital magnetization. This discovery
not only solves the controversy over the origin of
nonreciprocal transport properties in ZrTe 5 , but
also provides new ideas for symmetry regulation
in two-dimensional van der Waals materials.
The relevant results were published in Physical
Review Letters (Phys. Rev. Lett. 132, 266802
(2024)).

Antiferromagnets have become an ideal
candidate system for the next generation of

the: IRICYIIEHRRET
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spintronic devices due to their advantages such
as ultrafast dynamics and resistance to magnetic
field interference. However, the efficient detection
of the core state variable, the Née vector, has
always been a technical bottleneck. Huang
Huaging's research group and collaborators
proposed an all-electric detection scheme for the
Née vector based on the intrinsic nonlinear Hall
effect. Taking the two-dimensional manganese
chalcogenide MnX (X = S, Se, Te) as an example,
the research team predicted that its nonlinear
Hall conductivity can reach the nm-mA/V? level,
which is 2 orders of magnitude higher than
traditional materials. Through chemical potential
regulation, this effect can achieve sensitive
response to the orientation of the Née vector and
has excellent scalability. This discovery not only
provides a flexible signal reading scheme for two-
dimensional antiferromagnetic memory devices,
but also lays a material foundation for the design
of low-power, high-density spintronic devices.
The relevant results were published in Physical
Review Letters (Phys. Rev. Lett. 131, 046801
(2023)).

Institute of Condensed Matter and Material Physics

BRESESMRMIERRAIEHRIRT 58 A, Hoh, HR27 A, BIEIE 8 A, TESHBIBHEE

7N, BREAAR 3 A, IREARAR 13 A, R

SMBEPEFERLT 6 A, AR EAT 15,

BAHHBFERRAT 2 57, KIFBEE 8 A, BERNEBFEESREE 14 A, WHROUHEBERE

W SUEEN R, BRSEL, NAXFEESREF

SHNFE, MNNFZREHHMXIE, SRES

MR ISR, MAREMNREDIE, WRRSYENEDDIE, UUREEYENFTEEET R,
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There are 58 faculty members in the Institute of Condensed Matter and Material Physics, consisting
of 27 professors, 8 associate professors, 7 tenure-track assistant professors, 3 research technicians
and 13 engineering technicians. Among the senior researchers are 6 academicians of the CAS,
1 “Ten Thousand Talent Program” Leading Talent, 2 “Ten Thousand Talent Program” Youth Top-
notch Talent, 8 Chang Jiang scholar professors, and 14 NSFC “Distinguished Youth Award”
winners. 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.

O REFIEFEBRBHENKRE

BEFEEREEE—METEERERAYE  [Nat. Comput. Sci. 10.1038/s43588-024-00730-4
THREBENHETES L, TERATRBERESE (2024)]; (3) BUHBERMEBEIMHOIESS, ABBET
MEEERE AR, ZAEBIEERABFRNXE ERERREAFRENERENERIENG, R
B, BEBRERITEETFZRRZANESRELS BERSBFHELEUXER, BNAREBE, =B
ME, AEERRSYE. EFHFE. MRRER TEFREFEREEARZEUTHESRS [Nat.
HRIWHRIIBSE T ZNA, dEXR, ALEBE Mach. Intell. 6, 209 (2024)], iTHi, RMAEZ &R
RARARX—FEIANTHEEN: XRABENES SZRACX"BERTHNREZIEFRERE"
FWERBHEEREZIMUEAR, TJAGEEE FHRIEARTIZHENEERNA [WIREs Comput
SKEFREREPN/FSHHA, NMIKEESHKE Mol Sci, 15: €70015 (2025)],
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FRERBUHERE. XMNABR, BRE
B () ERALEREFREREEEBSITS
BENBRNBENER, MATEREKRPEH
W RSB EITE I XD [Phys. Rev. Lett. 132,
176401 (2024)]; (2) REEHBF ARy B 1 EROENERRSENREE
Bk, BEEREEE BRI, E—RAeT Fig 1. Illlustration of the neural network
MESUHEPEANRERRSHEOMBER LG architecture for solids

=
R ES
-

18 |4k BI-ANNUAL REPORT e 000

srwcanna | B

© Development of Deep Learning quantum Monte Carlo Method

The Quantum Monte Carlo (QMC) method is a
computational approach based on Monte Carlo
integration and variational principles, primarily
employed to solve the Schrdédinger equation
for complex systems. By explicitly accounting
for electron-electron correlation effects, this
method enables accurate calculations of ground-
state and excited-state properties of quantum
many-body systems, thus finding extensive
applications in condensed matter physics,
quantum chemistry, materials science, and their
interdisciplinary research domains. In recent
years, artificial intelligence technologies have
revitalized this field: the adoption of neural
network parameterized wavefunctions combined
with deep learning optimization techniques has
make it possible to bypass the sign problem
inherent in traditional QMC, thereby achieving
higher-precision wavefunction descriptions.
This innovation has significantly expanded the
method's applicability, particularly in cutting-
edge areas such as studies of strongly correlated
electron systems.

Ji Chen's research group and collaborators
have developed a series of original algorithms
by integrating deep learning deep learning
methodologies, substantially enhancing
the computational accuracy, efficiency, and

o Z#HMBXFRAERECSHH

HARARAARKXBNEEZERRA, B
1960 FE— A FARERMBHLEK, Bt
ABHER A RHED T ALRHEE, #E7T 20 &

applicability boundaries of quantum Monte
Carlo methods. These advancements include:
(1) The application of deep learning quantum
Monte Carlo algorithms to obtain high-precision
results for solid-state dielectric constants,
resolving the longstanding challenge of achieving
high-precision calculations of susceptibility
in solid-state systems [Phys. Rev. Lett. 132,
176401 (2024)]; (2) The proposal of a low-
computational-cost spin purification algorithm,
which ensures wavefunctions satisfy target
symmetries, addressing precision loss in
excited-state calculations caused by symmetry
breaking [Nat. Comput. Sci. 10.1038/s43588-
024-00730-4 (2024)]; (3) The enhancement of
neural network-based automatic differentiation
frameworks through the invention of a forward-
mode Laplacian algorithm and the development
of a Laplacian wavefunction network, achieving
linear scaling of acceleration factors with electron
numbers while preserving precision, thus
overcoming computational limitations in simulating
large systems [Nat. Mach. Intell. 6, 209 (2024)];
Recently, the research group was invited to write
a review article titled "Deep Learning Quantum
Monte Carlo for Solids" which elaborates in detail
on the principles and applications of this method
[WIREs Comput Mol Sci, 15: €70015 (2025)].

TUE URR TR, HERBEREICEARLRIZO
B4, ERHTEREECRENMERNBIRME,
B REERCHLUBBEVCRNEL, SEM.
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DRI A RER, H—RHVECRARNARBREN
FRAERABICNE MR,

ERhH_#REHTRSBSIREMERL,
BN BFEEMEAFZRENEREEMR, B
18] ) [E) SR B B AR R P A FEN TR EDE.
AL, ERAZMEZGXFERRAS EGIFER
B @EER- REER MHHEHER, 8K
ST SIRLERBELE RSB HER
&, BUORERKEZEBERE, REERKETEE
RGP ARMER, MRET RN RELINENT
e " #BAR, FARFERTFENED, &
R _#RMEFEENHFITRE, “#"
ZREENESFREINE, RELAMKEE. &
(8] F= 4% AT HEAD B9 — 4E R (0)%0 M @R AR 41
B9 45 104 K(Edlac) , HXMBLEET (R2)
(Sciencek(z) - (#(w) +£¢)2024, 385, 99) ,

H—%, HREIREIE =S FE REME T
B ——HAMBMITE, MNARREREER
S ASI AR VBN |, BRI R RN
ANEE , TULINFESEIRPHBEMUTER
c BETABEABMTRER, BAREETE=
ENFERR - ERETIUWMEERE-—-IMT
FFERE S HIEERNRE, 32 HMKEE T
X 8% (E1df) , BRTEFHEAERETT 100-

10000 5, HEXMREEZT (MEIFICRIR) (Phys.
Rev. Lett. 2023, 131, 233801) .

THMREF R SR RIRE B
BEeIME. RREME, FEdosll " RERE
KL HBESEROCFERE" . "N BZEF"E"TR
e RERZERARAKFEHTE IEE
RIRE, MEANIE 2024 PAMNICIEFESEARH
PUER"."2024 FE D EFSE T KIFRERE". 2025
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Fig 1. (a-c) Interfacial epitaxy of wafer-scale
3R-TMD single crystals. (d-f) Twist-phase-
matching theory and enhancement of second-
harmonic generation.

© Groundbreaking Theory and Materials for Two-dimensional Optical Crystals

Laser technology constitutes a pillar of modern
scientific advancement. Since the breakthrough
of the ruby laser in 1960, its exponential growth
has inspired over 20 Nobel Prize-winning
achievements. Optical crystals serve as core
components in advancing laser technology.
However, constrained by theoretical models and
material systems, conventional crystals now
face fundamental limitations in meeting modern
demands for laser miniaturization, integration,
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and functionalization, necessitating paradigm-
shifting breakthroughs.

Rhombohedral-phase two-dimensional
(2D) materials have been regarded as ideal
candidates for ultrathin nonlinear optical crystals.
Yet their interlayer parallel stacking configuration
represents a metastable phase absent in nature.
To address this, Liu Kaihui's group of the School
of Physics of Peking University, proposed a novel

“Interfacial epitaxy” paradigm, achieving the
first universal preparation of rhombohedral-phase
2D single crystals with high nonlinear coefficients.
The reactive atoms continuously feed through
the metal lattice driven by concentration and
chemical potential gradients, and subsequently,
new layers are epitaxially precipitated at the
substrate-existing layer interface. Through
engineered atomic-step structures, each crystal
layer maintained parallel alignment with substrate
steps, enabling continuous interfacial epitaxy
of multilayer films. This culminated in pure-
phase growth of micron-thick 2D nonlinear
optical crystals with strictly parallel interlayer
arrangements (Fig. 1a-c). This work was
published in Science 2024, 385, 99.

Furthermore, the team pioneered a third
phase-matching theory: twist-phase matching.
They discovered that crystal interface rotation
generates nonlinear geometric phase ¢®) .
Through precise control of rotation angle ¢
and crystal thickness d, they achieved phase
matching in optical parametric

processes: k(zw) =(z§(w) +%9)Z) . Implementing
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this theory, they developed the third-
generation optical crystal-twisted
rhombohedral boron nitride (TBN). This novel
crystal demonstrates unprecedented second-
harmonic generation conversion efficiency
across broad spectra, reaching 8% at 3.2 pm
thickness (Fig.1d-f), representing a 100-to-
10000-fold enhancement over conventional
crystals. This work was published in Phys.
Rev. Lett. 2023, 131, 233801.

The theoretical breakthrough and material
synthesis of optical crystals in two-dimensional
materials exhibit distinct originality. Xinhua News
Agency highlighted the achievements titled
“Chinese scientists invent ultrathin optical crystal
for next-generation laser tech” and “Chinese
researchers develop novel method to produce
crystals” . The innovations were selected for
“Major Achievements of the 2024 Zhongguancun
Forum Annual Conference” , “Top Ten Research
Progresses in China's Semiconductors in
2024” , and “Major Achievements of the 2025
Zhongguancun Forum Annual Conference” .

O EHFEFRIHERESTTEMNAEZERNNKANEE

RN MEUTFRE T HFRALRRNHTL
T, RAKET AEKNREREEE. B 20 tHE 90
FARUK, WRLRE, MMEIZR, BHXFE
URMMAZ A=A D RENEEELI T HEE
HER. KFBIRELRE. FERUTHARECR SR
BMBMEEOEES, BEFLNRARSHE, XEHRR
KRR NS IER T HEEEHNRE, X2 7T 10

MKER, IRARFDCHESFRETIRBHGRE,
MET NEERRBOCEITHIRBOEICESR, 7
B iz SEVAR RO (B 1) o PREF
KHE RN BAKBUCE R SR R E HE#
ERFR.
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Figure 1 | Schematic and Characterization of
the Singular Dispersion Equation and Singular
Dielectric Nanolaser. (a) Singularity dispersion
equation and the schematic of singular dielectric
nanolaser. (b) Electron microscope image of
a singular dielectric nanolaser. (c) Electron
microscope image of the central region of the
singular dielectric nanolaser. (d) Electric field
intensity distribution of the singular dielectric
nanolaser. (e) Electric field intensity distribution
in the central region of the singular dielectric
nanolaser. (f) Logarithmic-scale plot of the
electric field distribution of the singular dielectric
nanolaser.

KRR NOAFIHERERF R, REEEL
FHAEZBEENERERETHORE, EREE
EIRRFENR, NEVCRARNRR LRI T H#H
BE, —/HE, BEREEEAEHNRKE S
EESRMEREMENNE, BERERRAER
RARGERF— IR, HEINREFLEREUR
MABFEMCHNEFSERNA, 5—HMH,
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Mo FHNERNNFEIRE, Lo, EEMYE
MRLTE, RisRBELNEHEEEIREBIC SR
HEER, NEEFENNE. FEMEXFSETF
HFERRIEREBTENIRTFR,
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Figure 2 | Reconfigurable Optical Frequency
Phased Array Based on Nanolasers. The moiré
nanolaser array can generate coherent lasing
in arrayed patterns shaped as "P," "K," "U," and
the Chinese characters " o " (China) and " & "
(nation). Due to the intrinsic energy degeneracy
of moiré flat bands, moiré nanolaser arrays of
arbitrary shapes can achieve coherent lasing
through spontaneous phase locking.

oh, BILCEEFEE MR T o] EMEMERE
B, EERLERII T WKEERIEF =L
B8, BRTHCKEUEREELL T . E FERRAE
PUO] EM B MEFIEARFESY (B 2) o SRS
HABLL oI I= PR A R KBE I N S T IER, &8
WRMEE, PRBEOCHIIEBEIMAER. S
ROVBAEESY; KBRS AEALVE TS o] SRR M
SIS BB EES . B8, XKEEZEME
FHED] BT #EITRF I ENBE.

BEXFRIE DA AFTF 2023 F 12 5 13 H
B9 Nature[624: 282-288] #1 2024 &7 B 17 H 9
Nature [632, 287-293], ZE|EMWIM ZXFNS
EF . Nature ERIRIE , N AR RE/N . BEBE.
BB AKIHOLRFFEE T B (Nature 624, 260-
261, 2023) ; Nature Materials X103 5 E N
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ZAER, AT T BOLH R U < HIE KB — 1
B#r (Nature Materials 23, 1179-1192 (2024)) .
BB AEAET 2024 TR ICIRE AR ER (H
it RELENE -2/5) , 2024 ERBARNZESE
REEMFMREKLL, 2024 FHEEATARNEE
#2024 PENEF T RKHE,

© Nanolasers with atomic-scale feature sizes and reconfigurable phased arrays

The miniaturization of lasers has ushered in
a new era in photonic technology, profoundly
transforming science, technology, and everyday
life. Since the 1990s, institutions such as
Bell Labs, Caltech, Harvard University, and
the University of California, Berkeley, have
successively developed novel miniaturized
lasers, including microdisk lasers, photonic
crystal lasers, and plasmonic nanolasers.
Through continuous technological innovation,
these advances have pushed the characteristic
dimensions of lasers to unprecedented limits,
reaching the scale of 10 nanometers. Ren-Min
Ma and colleagues at Peking University proposed
the singular dispersion equation, establishing a
theoretical framework for dielectric systems to
surpass the optical diffraction limit, and developed
the smallest-mode-volume laser to date (Fig. 1).
Their singular dielectric nanolaser has further
reduced the characteristic scale of lasers to the
atomic level.

Advancing laser miniaturization to the atomic
scale marks a new milestone in spatial
compression of laser optical fields, bringing
the scale of light confinement to the proximity
of atomic structures and opening new frontiers
for laser technology. On one hand, nanolasers
with extremely localized optical fields offer high

energy efficiency and integration density, making
them promising candidates for next-generation
light sources in information technology, driving
innovations in low-power data communication
and nanophotonic integrated chips. On the
other hand, generating coherent optical fields
directly at the atomic scale could lead to novel
extreme-resolution optical imaging technologies,
providing a new pathway for direct observation
of biomolecules such as DNA and RNA.
Furthermore, in fundamental physics, the highly
localized optical fields can significantly enhance
light-matter interactions, offering an important
experimental platform for cutting-edge research
in cavity quantum electrodynamics, nonlinear
optics, and quantum optics.

In addition, Ren-Min Ma and colleagues have
realized a reconfigurable optical frequency
phased array, achieving coherent reconfigurability
in nanolasing (Fig. 2). Their work demonstrated
that nanolasers can generate reconfigurable
coherent lasing arrays in the shapes of Chinese
characters such as " ¢ " (China) and " "
(nation). The realization of phase-controllable
arrays in the optical frequency domain paves
the way for nanolaser applications. By phase
synchronization, nanolaser arrays can achieve
large-area, high-power single-mode lasing, while
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fine-tuned relative phase control enables precise
beam steering. Moreover, the coherence between
nanolasers can be leveraged for applications in
coherent computing and communication.

These research findings were published in Nature
on December 13, 2023 (Nature 624, 282-288)

A Nature Materials review article praised the
work as achieving a long-pursued goal in laser
research (Nature Materials 23, 1179-1192, 2024).
Additionally, this achievement was selected as
one of the major technological breakthroughs
of the 2024 Zhongguancun Forum (Frontier

Science and Technology - 2/5), featured in the
and July 17, 2024 (Nature 632, 287-293),

garnering widespread attention both domestically

2024 Annual Outstanding Achievements of the
National Natural Science Foundation of China,

and internationally. A Nature News & Views and recognized among the Top 10 Technological

article highlighted this breakthrough as paving A 4yances in China 2024 and Top 10 Optical
the way for smaller, smarter, and more powerful Advances in China 2024,

laser sources (Nature 624, 260-261, 2023).
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Institute of Modern Optics

1933 FRMBLCEMRILRARENER, BHALITHAEZRREFODFEMX—HRSE, HEBR
FERFHNARSH, 2001 £5 B, AItRAERMBERAFZTWHEM £, M TIRKZNLIKE
MR, BERKAERBEEER, 2021 EXE2HIREN —fEK, #ILE 2024 £, MALEHR
PRBEIEAR 32 A (3 A 2023-2024 FESI#) , HPHIR 18 A (SBEHEHFEHR 1A, BHEE
BIRA0OAN) , BREEZESA, BEE2A, EREESRIRIMIA, sRIRM2 A, ITREIT1 A,

WAL RRAMAEAZNRF O FYER DT ZRER, ERBBNMINESHALTFE. BIRY
FHRFAFRAME. MEXZESFREMCETCRINEMH SHRMYMBEMRTTE, EERHENE.
EREAFTRARBARRMG, TEAEER. R, £oFUHNNABHRMARNERENL, 2 "AL
MEBHN MY EEEERALRE" K "WHXEFINGRZPL NEEENE, BEREIERKER=A
FBMFRR RN EERTRIRREANL,

2023-2024 FE, MEAAZHARMREITRKKRIEXET 180 &5, HPEHE Nature 3 5, Science 3
%, Nature Photonics 3 . Nature Physics 3 & . Nature Energy 1 % . Natue Materials 1 % . Nature
Reviews Materials 1 . Science Advances 2 & . Physical Review Letters 16 & TRRHATINE, I
RAZRRIIUARFIKZSINER, 2023 F, ME "WIREHRHEXDESENA" KESFERBEZHRMN
FRREXBARNE—FX, B "BREGBEEFEXFINSENA" KEXRMEARNZEZEX . I8
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“Single-molecule optofluidic microsensor with interface whispering gallery modes” NiEFEMFE+X
HE. TE "BREpnEtm TEFRFELTLIRAR" KEPENZZSRBEEEMARE-FEL,
2024 £, IE "EFMUEREREINSTRSHEFRNE" NEFEXFETER. TE "MUREEMR
R EFESURINENE" NEPEXFETRERE,

MEAZRARAEAT BARDERRES . AAXERRFAEPRERT 1A, KIIERBHEIR4 A,
NEBEESREFE N A, AAUNREAT 3N, ERFEMFFTEASULIKREE 14 A, 2023 F,
FURREERMIAZEPEERRARK, KIRREPENBEZLFARNANER, OREREE
THEPELRERENMAR. BRRENFTRSITHEESZKIK, 2024 F, HEXANE (REETLH
BITE) “35 Z LATRHREUHT 35 A" hEXEE, Xiz2REIARTRBFELZMOEUESEID, 24
MRECRESTEERM, 2023 F, PARBE_TRERMNFRFER. TEREREIRTHLEE
TEMEX, 2024 F, H—FREARDUFIHELZMICX. H—FREPEAZZIRREIFR—F
£ (FIMHFER) | WXRERFE -+ BERUNFXERFENAFR, BREREETNEILRK
FRENNRE, FHERBERCEIREFS (SPIE) XFEF,

In 1933, Professor Rao Yutai joined the Department of Physics of Peking University and then started
the research direction of optics and atomic-molecular structure, which has been keeping up good
development until now. In May 2001, the Institute of Modern Optics was established on the basis of
the former Department of Optics, and its first director was Professor Gong Qihuang. 2021 Professor
Liu Yunquan was appointed as the new director. By the end of 2024, the Institute of Modern Optics has
32 permanent staff (3 were introduced in 2023-2024), including 18 professors (including 1 Boyer Chair
Professor and 10 Boyer Distinguished Professors), 8 Boyer Young Scholars, 2 associate professors, 1
professorial senior engineer, 2 senior engineers, and 1 engineer.

The Institute of Modern Optics has two secondary disciplines including optics and atomic-molecular
physics. Especially we Focus on the research directions such as mesoscopy and micro- and nano-
photonics, ultrafast optics and strong field physics of atoms and molecules, physical optics and
nonlinear optics, and physics of optoelectronic functional materials and devices. We always put the
major needs of the country in the first, and follow the frontiers of science and technology in the world.
In addition, we focus on application and transfer of our research in the fields of information, energy
and life. It is an important supporting force of the State Key Laboratory of Artificial Microstructure and
Mesoscopic Physics and the Frontier Science Center of the Ministry of Nanophotonics, and is also
the main supporting unit of the Yangtze River Delta Institute of Optoelectronic Science of Peking
University.

From 2023 to 2024, We have published more than 180 papers, including 3 articles in Nature, 3 articles
in Science, 3 articles in Nature Photonics, 3 articles in Nature Physics, 1 article in Nature Energy,
1 article in Nature Materials, 1 article in Nature Reviews Materials, 2 articles in Science Advances,
and 16 articles in Physical Review Letters and other top journals. In 2023, the project " symmetry
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breaking in microcavity optics and its applications " won the first prize of natural science in the prize of
excellent achievements in scientific research (science and technology) of higher education institutions,
the project "cross-scale field modulation of novel photonic effects and applications" won the second
prize of the Beijing natural science award, the project “Single-molecule optofluidic microsensor with
interface whispering gallery modes” was selected as one of the top ten advances in optics in China.
In 2024, the project " multichip multidimensional quantum networks with entanglement retrievability"
was selected as one of the top ten advances in optics in China, the project “measurement of acoustic
fingerprint vibrational spectra of single particles at the mesoscopic scale” was selected as one of the
top ten advances in optics in China.

The Institute of Modern Optics has achieved remarkable results in the cultivation of talents. There
is one academician of Chinese Academy of Sciences, four Cheung Kong Distinguished Professors,
eleven Distinguished Youth Fund recipients, three leading talents of the Ten Thousand Talents
Program, and fourteen national outstanding young talents program recipients. In 2023,Wang Jianwei
was awarded the Wang Daheng Optics Award for Young Scientists in Optics, Zhu rui was awarded
Pen-Tung Sah applied physics prize of China Physical Society, He Qiongyi was awarded the 19th
China young women scientists award, Yang Hong was awarded Li Dazhao award for outstanding party
workers in Peking University,. In 2024, Hu Yaowen was selected as one of the MIT Technology Review
"35 Under 35 in Science and Technology Innovation”, Liu Yunquan was awarded outstanding doctoral
dissertation supervisor in Beijing. Several graduate students have also received important awards. In
2023, Zheng Yun received the Student Award of the 20th Wang Daheng Optics Prize of the Optical
Society of China, Li Yaolong was awarded Beijing outstanding doctoral dissertation award. In 2024,
Fang Yiqi was awarded Beijing outstanding doctoral dissertation award, Fang Yiqi was awarded first
prize of science and technology innovation award of the China Optical Society (Guo Guangcan Optics
Prize), Liu Yanwu received the Student Award of the 21st Wang Daheng optics prize of the Optical
Society of China, Dai Tianxiang received The 14th student May Fourth Medal of Peking University, Li
Jing received SPIE optics & photonics education scholarship.

O EFHUERBRM R ETSE 7ML P8I A

SRENEFHERFBAHUERRNEEN
B, FISHEFSEEESHXEEE, E8H
EFUHE. YERDS, EFEENESFHERIE
RS, EEXRTRXE, BESHEFSHNS
MAEKBEFTENBINNENSNERTZIE,
UERWMNBICE LWHFERE, BFISH—F
ERTIESHISHXEENTTE, HXNRFEER,
ARERA AT 5| AN BRI PRI A KER B L
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R, BETEMXEK, RETSAESHERERP
TURIEE BBV H IR, AMETRMAFI,
ZHERNVEEHMENENBERS, MEBE
ROMRFERME, WTIESHSIURIEEE M
RN BN, #H—T LR TN NERBTE
BF, MAFEEMIERMCRIT T IR ERYT
HEMURAEFN, MOSEAFENSNNE N,
ETSLRERIF, BRFRARLEZT (DEITICR

&) (Phys. Rev. Lett. 2023, 131, 070201) , [18Y,
HWESTEFSHSHUERNEME, AT
MANESMERINE, 1E3RSCIM B TTRIEME,
RETETHEMEZNIESHUES RN X,
NEREZIEE, BUBWERENS, XFHBS
FLIORENAI—Fr. B S BXE & L o] LASEHL XY
—REE FRNUESE, EHEBENERLNE
BT, ZHEBRRTHETRAMASENGIEN
BEESHNYERNERE, [iY, FEt-SNE&
EXN KB EGET T HEREETINARLIE, o
T RBEGREIHEMNERNENRETL, HXT
HENENEREERTT O, BXHRAELE
F (HEITICHRIR)  (Phys. Rev. Lett. 2024, 132,
220202) ,
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B1: ZAFPEFMEPEIMTXNBHEK
ERR (£H) , ETZ2HHKaVEERTLUL
EFETNAERRVIEESHENG, BEHREA
TEEHEERSR (HE) . FIG. 1. Schematic
view on randomness generation in multipartite
network (Left). A controller sends a tripartite state
PABC to three nodes. Two of these nodes (Bob
and Charlie) perform measurements with the aim
to use the results as a source of randomness.
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The measurements of Bob and Charlie are not
characterized, consequently they are represented
by black boxes. A third trusted party (Alice)
performs well-characterized measurements,
determining the set of conditional states, thereby
limiting the potential attacks by an eavesdropper.
We find that the separation between Bob and
Charlie allows us to generate more randomness

than as if they are grouped together (Right).

BHIHE—HEZENEMARR, EEFLE
BEMEMAZHARTIDEEEXZEZENAE, I
BEREDABRRETZHFEFMEPHEBFHET
EHENBEIES R, EFENRAPARILT
SESHNENY, BARAFEEE, ERTER
HENZRS (WE1FR) . B, EBTRER
EEVRN £ 0 E FIEEEMEA BEEBBNT S
WEEM, BRTEFHENEFENMEARR,
FRARMBEAERET (WIBTILHRIK) (Phys. Rev.
Lett. 2024, 132, 080201) ., EESELCHRIHE
ZfE, RAABSPERFERAXRZEEER
FHRFEBRARBYSEYUESIERLNTEH
AZEEHE T2 RELKNBEMIIIE, HE
BT HIEMENINU/RIEEHMETAFRELX
BEHLEIE, HXARMELEZT (Phys. Rev.
Lett. 2025, 134, 090201) ; EBY, SWAEKFEL
WASEERXMEENTERETRE, FIAHE
FESTES5|I LI T FRELXE TN
RE, BXHRMELRET (Light: Sci. & Appl.
2025, 14, 25) ,

© Detecting quantum entanglement and its application in quantum randomness

verification

Entanglement in non-Gaussian states provides
irreplaceable advantages in many quantum
information tasks. However, the sheer amount of
information in such states grows exponentially

and makes a full characterization impossible.
He Qiongyi's research group has conducted
systematic research on the critical challenges
of detecting and utilizing multipartite and non-
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Gaussian quantum entanglement. First, we
expand the toolbox for studying Bell correlations
in multipartite systems by introducing permuta-
tionally invariant Bell inequalities (PIBIs) involving
few-body correlators. We present around twenty
families of PIBIs with up to three- or four-body
correlators, that are valid for an arbitrary number
of particles. Compared to known inequalities,
these show higher noise robustness, or the
capability to detect Bell correlations in highly
non-Gaussian spin states. We then focus on
finding PIBIs that are of practical experimental
implementation, in the sense that the associated
operators require collective spin measure- ments
along only a few directions. To this end, we
formulate this search problem as a semidefinite
program that embeds the constraints required to
look for PIBls of the desired form. This work was
published in Physical Review Letters (Phys. Rev.
Lett. 2023, 131, 070201). Then, we develop a
neural network that allows us to use correlation
patterns to effectively detect continuous-variable
entanglement through homodyne detection.
Using a recently defined stellar hierarchy to rank
the states used for training, our algorithm works
not only on any kind of Gaussian state but also
on a whole class of experimentally achievable
non-Gaussian states, including photon-subtracted
states. With the same limited amount of data,
our method provides higher accuracy than usual
methods to detect entanglement based on
maximume-likelihood tomography. Moreover, in
order to visualize the effect of the neural network,
we employ a dimension reduction algorithm on
the patterns. This shows that a clear boundary
appears between the entangled states and
others after the neural network processing. Our
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findings provide a new approach for experimental
detection of continuous-variable quantum
correlations without resorting to a full tomography
of the state and confirm the exciting potential
of neural networks in quantum information
processing. This work was published in Physical
Review Letters (Phys. Rev. Lett. 2024, 132,
220202).

Towards the development of quantum networks,
we propose to use multipartite entanglement
distributed between trusted and untrusted
parties for generating randomness of arbitrary
dimensional systems. We show that the
distributed structure of several parties leads to
additional protection against possible attacks
by an eavesdropper, resulting in more secure
randomness generated than in the corresponding
bipartite scenario. Especially, randomness can
be certified in the group of untrusted parties,
even when there is no randomness in either of
them individually. We prove that the necessary
and sufficient resource for quantum randomness
in this scenario is multipartite quantum steering
when each untrusted party has a choice between
only two measurements. However, the sufficiency
no longer holds with more measurement settings.
This work was published in Physical Review
Letters (Phys. Rev. Lett. 2024, 132, 080201).
After making progress in theoretical research,
we immediately cooperate with the experimental
group at University of Science and Technology
of China and realize the first fully device-
independent randomness verification in a multi-
input and multi-output scenario with a high-
dimensional entangled state. We prove and
experimentally demonstrate that violating any

two-input Bell inequality is both necessary and
sufficient for certifying randomness, however, for
the multiple-input cases, this sufficiency ceases
to apply, leading to certain states exhibiting
Bell nonlocality without the capability to certify
randomness (Phys. Rev. Lett. 2025, 134,
090201). At the same time, in cooperation with
the experimental group at Shanxi University, we
distribute quantum steering between two distant

O SRR SMISRE KGRt

AFBBENFAZHRME. R, MREFER
RYPRWBNERR. EEXR, EAUISHRT
APRBEERMH B RARTIRF, ERERL
L REBMEIKTE, EPAFRAEBIITERT K
PRECEEBEEM AR, REHE. EBRTHESE
Bt SREESFMNBRSI T IZHXE,

I RARXEMBEZ BRI HZHARET “RiGHF
BIFAREBN" KB EMEEERLTEANSEE
EERAEHTRY KA MRERTEL O E
FHR. $XEl EREANERY 8EFER B L
Bt RBAER, FINBIXA "MESER
R+ BEZRMREREN" FiEIFHRIERSH
+EBEMMENE (0-YDO,) ZHAEREE T2,
RETETESREEUNEDTERAEBBEM 25%
BB EEN, HEEERA T BBHNRE
M, HEEMNRAINE R TR ENBMRE
M, BT E 1000 /NBY/E, HEBERERDARSZY
1889 97%. HRMREFF (B NFRE L (Nature,
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users through a 2 km fiber channel and generate
quantum random numbers at the remote station
with untrustworthy device. Then, the quantum
random numbers with a generation rate of
7.06 Mbits/s are extracted from the measured
amplitude quadrature fluctuation of the state
owned by the remote party (Light: Sci. & Appl.
2025, 14, 25).

2024, 625, 516-522) , ZT{ERINIEER T a-YbO,
FAEETPEERNEMGRY KHEERLPESE
Z00M%, S TSRy KMRaER B E WAL T )
AR

b, HRENEEE LEEM L, SHXY5BK
UERAEREE®S, S4EXRFE. WFKE. 1t
EMEMAREZNTEAAEIRE (88) N8
EERFEWMR, REREREARER, XUS%
HIEMBEBMEQ, RINFH LS REFKRKS
KU B, BXR RS Bt &SRRk
B, ERABRY KHEEBMFIKE T 26.1%
FYEBEBNE, HRAREKEXT (BRA) #EL
(Nature, 2024, 635, 874-881) , X— =K N2
T RIEBEY K PHBE BB A B R R AN #T
BAMREBMNNARETEEZNSERES, BN
WHEESHRSAY KRB MNHRBRE T H
B,
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Article Nature, 2024, 625, 54622

Multifunctional ytterbium oxide buffer for
perovskite solar cells

Thermally activated hopping

T 9 Unoccupi pied
— — locakzen

T
——".  900-¢ -0 8 . o states
Femilvel
Perovskite .

— - ied
\ J - T oo
\ st - states
Lo ma - =

& e
ESL YbOy cu

Amorphous metal oxide

Article Nature, 2024, 635, 87881

Coherent growth of high-Miller-index facets
enhances perovsklte solar cells

Intensity @)

Bk . ETENESNRE T ENSRKY AMHEES
7@ 'ﬁ: 4*@*Dj:k/)|b¥ﬁ%$ﬁ|]/_\ . .E LL/I%}_‘_
BRI SEHRENREENRGE, FXARFR
ESoRRQKREN BRRFSHRY FRNE T
R

Figure left. Device structure and charge carrier
transport schematic of PSCs with the a-YbOx

multifunctional buffer layer.

Figure right. The optimal orientation of high-Miller-
index crystalline facets through controlling the
atmospheric processing temperature, and atomic-
scale high-resolution Cryo-transmission electron
microscopy (Cryo-TEM) images and coherent
grain boundaries.

© High-performance inverted perovskite solar cells

The utilization of solar energy is the cutting-edge
of interdisciplinary research spanning physics,
energy, and materials science. In recent years,
the power conversion efficiency (PCE) of metal
halide perovskite solar cells (PSCs) has been
continuously improving, now rivaling that of
commercial silicon-based solar cells. PSCs with
an inverted structure have attracted widespread
attention due to their advantages of low cost, low-
temperature fabrication, suitability for fabricating
tandem devices, and high stability.

Prof. Rui Zhu and CAS Academician Prof.
Qihuang Gong, in collaboration with partners,
have conducted the research on the interface
buffer layer in p-i-n PSCs. Addressing the critical
challenge of performance degradation in cells
caused by interfacial material diffusion and ion
migration. By innovatively applying a “physical
vapor deposition + high-vacuum in situ rapid
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oxidation” technique, the team constructed an
amorphous rare-earth metal oxide ytterbium oxide
(a-YbOX) multifunctional interfacial buffer layer.
This breakthrough surpassed the 25% efficiency
threshold for p-i-n PSCs based on metal oxide
buffer layers while significantly enhancing device
stability. The team continuously monitored the
stability of the cells at the maximum power
point, and after 1000 hours of operation, the
PCE remained at 97% of its initial value. These
results have been published on Nature (Nature,
2024, 625, 516-522). This work successfully
demonstrates the significant advantages of
a-YbOX interfacial buffer layers in p-i-n PSCs,
pushing forward the commeciallization of
perovskite photovoltaics.

In addition, the research group has carried out
a great deal of research on the problem of bulk
defects in perovskite films. With collaborators

from University of Oxford, University of
Cambridge, Beihang University and Eastern
Institute of Technology, Ningbo, the team has
realized the optimal orientation of high-Miller-
index crystalline facets through controlling the
atmospheric processing temperature. Micron-
thick perovskite films processed in a stabilized
atmosphere were successfully developed. The
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all four seasons, and achieved the PCE of 26.1%.
The studies have been published on Nature
(Nature, 2024, 635, 874-881). This breakthrough
provides important methodological guidance for
improving the PCE of PSCs and promoting the
application of new solar cells, as well as expands
new ideas for subsequent research on high-
performance PSCs.

devices presented a high reproducibility across
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Institute of Heavy lon Physics
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ERTYERRAINEZEARNA  EXMESTR SEFRYE. SEEEMEIN_RER,
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The Institute of Heavy lon Physics at Peking University was founded in May 1983. Adhering to the
forefront of disciplinary development and national strategic needs, it has been committed to exploring
accelerator technology, focusing on maijor issues related to human survival and development such
as energy, advanced manufacturing, and life and health. Its overall objective is to establish an
international top-level frontier applied science and talent training base.

The institute has four secondary disciplines: Nuclear Technology and Applications, Medical Physics and
Engineering, Plasma Physics, and High Energy Density Physics. It currently has 48 faculty members,
including 6 professors, 3 tenured full professors, 3 research fellows, 4 professorship engineers, 1
tenured associate professor, 6 associate professors, 1 associate research fellow, 4 tenure-track assistant
professors, 12 senior engineers, 5 engineers, 2 assistant researchers and 1 worker.
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SHEX 5% (58 X 594%) FEVREMMREAT.
MREME, EXRFEMEEE z20NE, 85
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(@) ATESBE X FEABENEEREN L,

SSRF. Petralll, Spring8 3 & [EfE = THIALT
e, #BE. HANKERSBELIE. (b) XL
ESEMETEONEN X LR, HdhgeE
X2 B EmIMEN G FENSHKE, neXsE
ERCEEMERN RESHXE,

Z X FEKPREBIFERNRINE,
O] ASSIU KRR B B2 A0 R BRAS 1R S WD IR
R, EREFEDERRPEENEN. FEEZ
THPHERETHE 10 HEHCCRH TERLTE
IRBHNERSH, BUERERNFHNFEYREE
KBS 1MeV, HIMMEKTIAE 1%, BENEZ
M2, XWERAYE, FRMEFEINNERE
SR EGFEFT B HRZE.

R Bk B LA “Brilliant femtosecond-laser-
driven hard X-ray flashes from carbon nanotube
plasma” A& FFE Nature Photonics ZXE £ (Y.
R. Shou, et. al, Nat Photonics 17 (2), 137-142
(2023).) , F#HWiE AN 2023 FE 2 PWHE X E,
TEHARREN LTS T 7T SETN, E38
Nature Photonics Z& & _EF) & 7 @ B 8 “Lighting
up a nest for X-ray emission "8R3,
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© High-Brightness X-Ray Pulses Generated by Carbon Nanotube Plasma
Interacting with Femtosecond Petawatt Lasers

High-energy X-rays (hard X-rays) have
extensive applications in material structure
analysis, material characterization, and medical
diagnostics. The development of hard X-ray
sources with higher brightness, shorter pulses,
and more compact sizes has long been a critical
research topic. Laser-driven high-brightness
X-ray sources are considered one of the most
promising directions. Compact X-ray sources
based on wakefield acceleration mechanisms and
free-electron lasers have been experimentally
demonstrated. However, these sources are
limited by the number of accelerated electrons,
with energy conversion efficiencies from laser to
X-rays typically ranging between 107-10°, greatly
restricting their application potential.

The team led by Prof. Wenjun Ma employed carbon
nanotube-based targets and utilized femtosecond
petawatt (10" W) laser pulses to directly accelerate
electrons to energies exceeding hundreds of
mega-electron volts. Through mechanisms such
as synchrotron radiation and nonlinear Compton
scattering, these high-speed electrons emitted high-
energy photons. Experimental results revealed
that the peak brightness of hard X-rays in this work
reached10?'/s/mm?/mrad®/0.1%BW, comparable to
large-scale synchrotron radiation sources currently
in operation (as shown in Fig. a). In the energy
spectrum range of 30 keV to 1 MeV, over 10"
photons per joule of laser energy were detected,
achieving an energy conversion efficiency of 10° .
This efficiency is 2 to 3 orders of magnitude higher
than X-ray sources based on wakefield acceleration
mechanisms (as shown in Fig. b).
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Figure (a). Comparisons of the peak brightness
achieved in this work with various X-ray
sources. SSRF, Petra Ill, and Spring-8 are large
synchrotron radiation facilities currently operating
in Shanghai, Germany, and Japan, respectively.
Figure (b).Comparisons of this work with other
laser-driven X-ray sources. The purple region
represents the parameter range of wakefield
acceleration mechanisms, while the pink region
indicates the optimal parameter range for direct

laser acceleration mechanisms.

This X-ray pulse source features an exceptionally
large irradiation field, enabling picosecond-scale
transient imaging and property studies of large-
volume samples. It holds significant potential in
research on extreme-condition physics. The authors
also envision the capabilities of this scheme under
10-petawatt laser conditions, predicting photon
energies exceeding 1 MeV and energy conversion
efficiencies reaching 1%. This could open new
research avenues in areas such as photonuclear
physics, laboratory astrophysics, non-perturbative
quantum electrodynamics, and vacuum physics.

The research findings, titled "Brilliant femtosecond-
laser-driven hard X-ray flashes from carbon
nanotube plasma," were published in Nature
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Photonics (Y. R. Shou, et. al, Nat Photonics 17 (2),
137-142 (2023).) and selected as the cover article
for Issue 2, 2023. Researchers in the field have

highly praised this work, and a commentary article
titled "Lighting up a nest for X-ray emission" was
featured in the same issue of Nature Photonics.
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SRR (Oxygen reduction reaction, ORR)
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Wi (X-ray absorption fine structure, XAFS)
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BT T HEMOTR. XAFS R K, HRIEMSIA
E%7T PPt E—ERMUKE, RBHRMEHESIASIE
BB TESH T EgENE, Am, XAFS XX /FE
LR, ELOREPKBECERNNENER, B
I, HRARGE—HEH PDF X REKZTE M
T — R, LRERKE, SHRENENKM
R PE-PtE—. Z. M. N, . TERURELR
SE4E, PEPtE=. N . \BNREREN
i, ETKEEGFCERNRERNEFEAENE
BN, ZBEABEEELFNEERNEENE
RWEIMAIRIE, HEENNLRE, ZRENZEY
BRURT 7 BT — AN RS WM RN P =
MBE, &EE NS5 Pt Z BB 7 E A E B SEH
ORR MAERIIRFT,

34 | ££#& BI-ANNUAL REPORT eco©0©

ZITERBRSES X FERRNRAHRR T H
WARBA P RFRERBEHEERENEER PR
REMNZN, HXBHETRFRERBEIEBEED
KESWTCEFERERSABESNE, FiHN
NYNERAYMNNINERE, AEDEBERK
M BB R ERM T 2B,

X5 LA R BB R RO R B AD B AR 2 AL
Z BRI EEBEER LA REFEEM=Z T
(Harnessing the Synergistic Interplay between
Atomic-Scale Vacancies and Ligand Effect to
Optimize the Oxygen Reduction Activity and
Tolerance Performance) A&, &k xFF (1=
N % %) (Angewandlt Chemie International
Edition, 2025, 64, €202414989) , MEZ[riE+
MRENERENRYIKZM T HREFRIOEANE
HEE—FE, BFRXR. KEREEBENMBRE A
EEHAIEE,

)
© Pt L,-edge|
EM ORI S

[FT/K? x(k)l /a.u.
T

11550 11600 1
Energy / eV

“To) Ni K-edge]

|FT/K® 3(K) /a.u.

b Nl
oa e

0.0 =

8300 8350 8400
Energy / eV
™

®

Atomic PDF G(r)
7

B iR 5 X L RMEIE R X 54075 5 K
e

Figure: Results of Synchrotron Radiation X-ray

© Application of Synchrotron Radiation

Activity Relationships in Materials

The oxygen reduction reaction (ORR) is a critical
process at the cathode of fuel cells, and its
efficiency directly impacts fuel cell performance.
Current platinum-based catalysts face challenges
such as high costs and susceptibility to poisoning
and deactivation, significantly hindering the large-
scale application of fuel cells. In recent years,
crystal defects have garnered significant attention in
materials science, yet related studies remain scarce
in the field of platinum-based catalysts.

The research team synthesized nickel-doped
platinum nanoparticles on graphene via a one-step
pyrolysis method, introducing atomic-scale defects
through a zinc vaporization process. Synchrotron
X-ray absorption fine structure (XAFS) spectroscopy
and X-ray diffraction pair distribution function (PDF)
analysis were employed to investigate structural
strain induced by these defects. XAFS results
indicated that defect introduction compressed the
first coordination shell of Pt-Pt bonds, suggesting
lattice distortion caused compressive strain.
PDF analysis revealed that defect-rich platinum
nanoparticles exhibited compressive strain in the
first, second, fourth, sixth, ninth, and tenth Pt-Pt
coordination shells, while tensile strain occurred
in the third, sixth, seventh, and eighth shells. This
coexistence of compressive and tensile strain in
medium-to-long-range ordered lattices was reported

5. EBFYERRR
BiZ: M=
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Absorption Spectroscopy and X-ray Diffraction
Distribution Function

Technology in the Study of Structure-

for the first time, and this mixed-strain structure
significantly enhanced the CO-poisoning resistance
and methanol tolerance of platinum nanoparticles.
Combined with the electronic synergy between Ni
and Pt, the ORR activity was also improved.

This study utilized synchrotron X-ray techniques to
investigate the construction of atomic-scale defects
in platinum nanoparticles and their impact on short-
and medium-to-long-range structures. It elucidated,
for the first time, how atomic-scale defects induce
mixed compressive and tensile strain across
medium-to-long-range lattices. A synergistic strategy
involving strain and ligand effects was proposed,
offering novel insights for tuning the electrocatalytic
activity of metal-based nanomaterials.

The above research was published online in
Angewandte Chemie International Edition (Angew.
Chem. Int. Ed., 2025, 64, €202414989), titled
"Harnessing the Synergistic Interplay between
Atomic-Scale Vacancies and Ligand Effect to
Optimize the Oxygen Reduction Activity and
Tolerance Performance,", Ph.D. candidate
Shenghua Ye (School of Physics) and Master's
candidate Wenda Chen (Shenzhen University) are
co-first authors. Professors Xueqing Yan, Qianling
Zhang, and Lirong Zheng are corresponding
authors.
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Department of Technical Physics

BRAMEZRREHIRRT 33 A, Hop: R 10 A (APt 1A, AF5 A, KIKEH
B2AN), BIEES A, KEBFHEE4A (HPHANMRHREFAEAT 1A, HE1A, BHSEE
FE2AN), EHNEHRS A (RPDARUEFERRAT 1A, BESEZEIAN) , 8RR 1A,
LEFSRIRMIA, SRIBMIA, IIRIM4 A, ARAORS: ZRZENS RN, BICKEMR.
SREXEYE. PEEkEL. NARYE. BERHP. RURHEA. REFFESE, 2R —TLRFH
FRUWLEE, —MRANALRE, —MPEBERRALEIRE, — MR -ZMNEESZDED L,
REANAIRERGEFEEINER. 2x1.7 MV £IINE:R . SHEFRHBM X FLITUFEHRE,
FERS TR SRBAR N A E TR,

ER "EMBESREAEBREALRR" P OEANID, BRAYERKIET ZHERFERHFIR
B, HBE2EE—HNZNEBEENEN, BY T ZHNERNINEE, ERBIETHZECYIERRAR
(CUSTIPEN); S ESKON LHC 1t :R BEPC-BES &1F; Z¥EAHES HA RIKEN-RIBF, =
M HIRFL #11t =X CIAE &%, AZEFAE, H 2008 Fic5 AAREBUFEE “(CRZK" (Nishina
School) , FHFEERILE,

There are 33 faculty members in the department, including 10 full professors (including 1 academician
of the CAS, 3 National Outstanding Young Scientists and 2 Changjiang Scholar Professors), 5
associate professors, 4 tenured associate professors (including 1 leading talents of the Ten Thousand
Talents Program, 1 National Outstanding Junior Young Scientist and 2 Boya Young Scholars), 5
tenure-track assistant professors (including 1 Youth Top-notch talent of the Ten Thousand Talents
Program and 3 Boya Young Scholars), 1 associate research fellow, 1 professorship engineer, 3
senior engineers, and 4 engineers. The research fields cover experimental nuclear structure and
reaction, 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, a nuclear technology
application laboratory, an education laboratory for nuclear physics and technology, and a PKU-
Lanzhou joint center for nuclear physics. The nuclear technology application laboratory is equipped
with critical facilities such as arch melting system, 2x1.7 MV tandem accelerator, transmission electron
microscope, X-ray diffractometer for the study of structural materials and ion beam materials.

As a core component of the State Key Laboratory of Nuclear Physics and Technology, the department
undertakes major national research projects. It is the only department in the universities of China,
which is supported by the national project for fostering talents of nuclear science. 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
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CIAE in Beijing. In terms of talent training, the department has co-established the Nishina School with

RIKEN (Japan) to advance international talent cultivation since 2008.

O FEHEEBTRERERR

RN EBRERNFIRERR, AT
MIBFERE RN — M OB . ARAFREEEH
MEFRIEIRERE, ERAFZMEZRRAYIE
RARMARSEFECTHARTREFHRERE
B—LENEE R,

FEGEEFRETN ZEEFNAFNIRESE
EBRIEFEET. HFEFEDOBEGFEERE
RIMWFRLF, ZHERLIEE2REHMEN
%R, HXBLHRBEIIRAENEZRERE
% ANIE[Phys. Lett. B 789 (2019) 233 ] %, i &8,
KBR F X HEH_E ATLAS #]1 CMS LR F 5518
THEEBREETFE ZEEFMNFRENE MERE
(N BEEIXE 3.4 BirEE) . ITNBEELR
F 2024 &£ 1 B &% [Phys. Rev. Lett. 132 (2024)
021803] , A& "MESR" . "REHEE"M"F
ESRTE" . (REZAR) MEMZFHRRPO
BAMIGEXN T T IHERE, tRAZAR.
ETZEEHATH T ATLAS §1 CMS LI 7K
Hi—> Z+ X FRENEEDT, NZERETXR
EFA. £ CMS &1FANE, EEAXEETHRE
SKEDERIEMINEZIRS, BARREMEZIRS.
FREBESTXIERRZA, FHA LHC Hi&HTEX
BT TIEEBEA,

EFEX, TP IESEMIELENEIEIR
. SHRMY. NFERE, FEINSEHERET
2RI, BRSGHREEREBENESIRE
FITEH, HRAREABFIENLE FHBE
RIFIRA, XKoh£SR (£ T, & £, K) .
EERERURRFEENAREE, MM T
RENRCAEMREHRER X, EAXPEE
RIRIRATE, BEMKET —LEAERTKEFR
TE (NFEEE—>ss F) NTHREE, MmD]

BEEREHMN SRR TSR 2 BNEE/ER
BE., MXEREHARET [Phys. Rev. Lett. 132
(2024) 221802] , tFEAFELFFRKIE DL
HEE—EE, BRACXHERERMES.
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Figure 1: The Z+photon mass spectrum in the
journal paper reporting the first evidence of
Higgs — Z+photon decay by ATLAS and CMS

experiments.
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Figure 2: Expected sensitivity of some
Higgs boson decay channels using jet origin
identification.
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© Research on rare decays of the Higgs boson

The Higgs mechanism explains the origin of the
mass of elementary particles and is a core part of
the standard model of particle physics. In order to
further study the Higgs mechanism and test the
standard model, Zhou Chen, a researcher from
the Department of Technical Physics, School of
Physics, Peking University, and his collaborators
completed some cutting-edge results on the rare
decays of the Higgs boson.

The process of the Higgs boson decaying into
the Z boson and photon needs to go through
quantum loops. Since there may be new particles
in the quantum loops, this rare decay process
is expected to provide clues to new physics.
Related theoretical research includes the work of
Cao Qinghong et al. from the School of Physics,
Peking University [Phys. Lett. B 789 (2019) 233].
Recently, the ATLAS and CMS experiments at
the Large Hadron Collider jointly obtained the first
evidence of the decay of the Higgs boson to the
Z boson and photon (the observed significance
reached 3.4 standard deviation). This important
result was published in January 2024 [Phys. Rev.
Lett. 132 (2024) 021803] and was selected for
"Physics Highlights", "Editor's Suggestion" and
"Collection of the Year". Science and Technology
Daily and the official website of CERN reported
on it. Zhou Chen and Mao Yajun's research
group at Peking University played a key role in
the result by completing the combined analysis of
the Higgs = Z+photon decay with the ATLAS and
CMS experiments. Within the CMS collaboration,
Peking University doctoral student Zhang Mingtao
was selected to make a pre-approval report, and
Zhou Chen was selected to make an approval
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report. Zhou Chen served as the submitter of the
analysis document and became the convener of
the LHC Higgs combined analysis working group.

In recent years, machine learning has achieved
widespread success in data acquisition, event
simulation, particle reconstruction, and data
analysis of high-energy physics experiments.
Zhou Chen and his collaborators used deep
learning tools such as graph neural networks
to study the identification of jet origins in
future electron-positron collider experiments,
distinguishing jets from five types of quarks
(up, down, strange, charm, bottom), five
types of antiquarks and gluons, successfully
achieving high identification efficiency and
low misidentification rate; using this jet origin
identification method, the expected sensitivity
of some Higgs boson decay channels (such as
Higgs = ss , etc.) was significantly improved,
making it possible to more accurately measure
the coupling strength between the Higgs particle
and quarks. The relevant results were recently
published in [Phys. Rev. Lett. 132 (2024) 221802],
with Peking University postdoctoral fellow Zhu
Yongfeng as the co-first author of the paper and
Zhou Chen as the co-corresponding author of the
paper.
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O RFEHNEMTEERNSEH#ZREENTHAZR

BREERTFRZNBELR, RRBERES
MU EREENEMMZIG, BE%Z, BRFH
813 100 BREF#, = EBBER CXNE A ER
RERFZ, HENEROARY TRSEEZD
BRFREREN, RRBEERESNUEEXEE.
Hit, R CFSHMAaaMIBHRRNG, MEER
RERLRE. REZBEREBFHRPLEN
SLIRHEIA, #EOTHRENEBRZOETE. K
24, BMXXRAN, BEADELEM, BB
BEHZ **No Ml *'No NEHIRERME EEARRE
NEBNR, ZUR—EREFIMUBENIEL
R, ERIMEMER 20 SEHREDZ.
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WEEZRER, FBERREEGETRLES
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Rz, BINBRTBEZNEERNTAZR, 8
KRR "EHBEZP SN M
i I8 2" (Emergence of High-Order Deformation
in Rotating Transfermium Nuclei: A Microscopic
Understanding) AR, £ & & T (DEIFICIRIR)
(Physical Review Letters),
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Fig 1. Calculated moments of inertia for *’No and
**No in comparison with the experimental data.

BRANEINERSE, TLMUBEGHTE
BEFENMERZEHE, ARREFZNEM.
RLURRNSANFRETEEZNERLTIAR, B,
ZHEERNNBTFHREFZNFARED., R,
ZRTEBRNEINASR, ARIEXKRET (B
EEL R ) (Physical Review Letters), &5 &
RIEXEEMEFREBT(METIL CH(Physical
Review C) #£1%E R "RIBHEE" 18X,

© High-order deformation effects and puzzle of anomalous rotational behavior in

transfermium nuclei

Study on the synthesis of superheavy nuclei and
superheavy elements, and the exploration of the
location of island of stability, are important frontiers
in fundamental science. Transfermium nuclei,
defined as atomic nuclei with proton numbers Z
> 100, are the heaviest nuclei whose rotational
spectra can be measured experimentally so far.
The study of rotating transfermium nuclei is crucial
for determining the single-particle structure of

superheavy nuclei and exploring the location of the
island of stability. Consequently, leading nuclear
physics laboratories around the world, including
the Argonne National Laboratory in the United
States and the GSI Helmholtz Centre for Heavy
lon Research in Germany, have dedicated efforts
to precisely measuring the rotational spectra
of transfermium nuclei. In the early 2000s, the
moments of inertia in transfermium nuclei **No
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and *'No have been observed, and they were
demonstrated to exhibit significantly different
rotational behavior. This phenomenon has remained
unexplained and puzzled the nuclear physics
community for over two decades.

The group of Pengwei Zhao from the Department
of Technical Physics, School of Physics, Peking
University, established the cranking relativistic
density functional theory in three-dimensional lattice
space based on the conjugate gradient method with
a filtering function, and accounted for the pairing
correlations by using the shell-model-like approach.
With this new method, the high-order deformation
effects in transfermium nuclei were microscopically
revealed for the first time, successfully solving the
long-standing puzzle on the rotational behavior in

O EHRMMEIR P FERARRSEN

EREAXZLBY BRI NEE D FHLE *He
PEIRMNE W FERARRSEN, AT/EEY
W E *He MEBTERTREREXBEPFILE, B
T "He 89 0+ M ASDH 4 MIDFRM T B2
KEPFX, FH-—DPEAENTEE - EREE
BRESHNTHEAEE, HREELEXET (DEIT
BRIR) (Physical Review Letters) , 3@ B A
% "YRIEHETF (Editors’ Suggestion) " 1 “#IE

"

=m (Featured in Physics) " .

LB F R ERRLTFEEENSENRES
EN, FERTFEREIHERBNETS, N
FE—RFNMRES, BHEE - ERIERS
(Bose—Einstein condensate, f&#i BEC) , T3k,
HAXAFETFRRNBRSHEELR BRI, Eib
ME, EFPFRFEARPBEERMUNBEREX
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No isotopes. The findings, titled "Emergence of
High-Order Deformation in Rotating Transfermium

Nuclei: A Microscopic Understanding," were

published in Physical Review Letters.

The newly established method can include all
deformation degrees of freedom in a microscopic
and self-consistent way and provide a vital
theoretical tool for investigating nuclear structure,
decay, and reaction dynamics. Up to now, the
method has been successfully applied to study
cutting-edge phenomena in nuclear physics,
including chiral rotation, fission, and multinucleon
transfer reactions, with two papers published in
Physical Review Letters and two other papers
selected as “Editors’ Suggestion” by Physical
Review C.

K FUERERS, mMACgttEFETHF
B, WANRPFENENNMEREEEERN.
B2, KHLE, £XE EEMIRGXA T
MR SEHE—TERBIBEL,

ERRZLEZNIEFA N R T FPhF L%
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TERT 0" HiRE, ZSHEIREA— He &
FRM—NHF, FREENNEI RN P FR
MR SR, R B NETRADHT RN KRR
BIRPORFRENRN, XD TLSPFSE5NE
RRNSRTHE, NMARERNARIRE, &
BEBRAT 0, MAS, #—FHNOFERE, ©
HEMRIRESREBNEREIEE. FEIAHN
BXBENPFHAERE, FEEEHEHINTE
B2 BEC £H £, X2 E RAESLR EWNEIH

SRR XS BT A EY2E BEC EHEH, 1571
TFEPFRFZERN—MIOEE, BBTRA
IWRAREZTRHEMNRREZY R (BFPFE)
BUMER.
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1. (a) A A *He R 7 69 3E 38 B 5 LI B 5%
*He(0,") A% BEC £EHEMN L REE. (b)°
SIERRKTREN IR ERSBICIHENILE;
(b) FKEXHT,

Fig1. (a) Schematic illustration of the population
and identification of the BEC-like cluster state.
Experimental results of the monopole transition
strength (b) and neutron correlations (c)
compared to theoretical calculations.

© First observation of the dineutron-condensate cluster state

We have observed a dineutron-condensate cluster
state in the neutron-rich nucleus °He.The results
were published in Physics Review Letters (Phys.
Rev. Lett. 131, 242501 (2023)), selected as Editors’
Suggestion and Featured in Physics.

The quantum condensate is a novel state of
matter originally predicted by Bose and Einstein in
the 1920s, and its discovery in a gas of ultracold
bosonic atoms was awarded the Nobel Prize in
Physics in 2001. In recent years, condensate
of fermionic atoms, despite the Pauli exclusion
principle, has also been experimentally realized
by forming either bound diatomic molecules or
correlated atom pairs. The nuclear analogue,
a condensate of correlated neutron pairs, has
been theoretically predicted in neutron-rich
nuclear systems including neutron stars, but its
experimental observation has remained elusive due
to the extreme difficulty in both the production and

s BAMER
Bz HEIRIE

identification of this exotic cluster state.

We populated the long-sought dineutron-
condensate cluster state in ®*He by employing the
highly selective nuclear reaction, the isoscalar
monopole transition, and observed that this
state was characterized by a spin parity of 0*, an
abnormally large isoscalar monopole transition
strength, and the emission of a strongly correlated
neutron pair. Together with the state-of-the-
art theoretical calculations, our results provide
strong evidence that the four valence neutrons
in this newly observed excited state of *He form
two strongly correlated neutron pairs (dineutron
clusters) and further form an exotic condensate-
like cluster structure. Our finding unveils a new
distinctive property of neutron-rich systems which
may have significant implications for understanding
the structure of exotic nuclei and neutron stars.
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ERREFRNERANEBEZ A ERNBEER XS RAERRAAER, BE2IRET 24 A,
MR EFEFSERTEN. SEXENE, ERNR. BESTERGERNFRANESFINGHE.
He BRI NMEALIWNEE BRI 2N,

The astronomy discipline at Peking University consists of the Department of Astronomy within the

School of Physics and the Kavli Institute for Astronomy and Astrophysics. PKU astronomy currently

has 24 faculty members. The research areas include cosmology and galaxy formation, high-energy

astrophysics, interstellar medium, stellar and planetary systems, and particle astrophysics. Its

outstanding research capabilities and academic influence are widely recognized by the international

community.

O EXSE—HERR: RRRDEBEERZENXFR

ERiTEHTHERE (JWST) F 2021 &F
12 BRI &5, AR EE T RN EHFHIAIR,
EREFIARBNAIREENS R, JWST
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XM, XBRE_EFERRBEANXER, B
—(ZEEEFHRHBLEY, FEEEREBH
EBRZHER, AR —NREZI,

MrH, Nature KFEH—IHRAX—DHIR
HTZXEEZNHANHE. XA RBEREKE
g, AR RBFEIRAERERR S XEYE
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(Masafusa Onoue) F BB EF1EF (Kohei
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BYHABA 82 XORNITEEERE (Subaru)
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X g 25 B ) % A "Detection of stellar light
from quasar host galaxies at z > 6” HIIESER T
2023 £ 6 B 28 BAXRTE (BA) &L,
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Quasar Host galaxy

104 light years

Figure 1: JWST NIRCam 3.6 um image of HSC
J2236+0032 (Credit: Ding, Onoue, Silverman
et al.). The zoom-out image, the quasar image,
and the host galaxy image after subtracting the
quasar light (from left to right). The image scale in
light years is indicated in each panel.

1: JWST NIRCam 3.6 pym & of HSC
J2236+0032 (3kj&: Ding, Onoue, Silverman &) ,
NEZADAZ: WKE. XEAEKR. DIRER
REMERENELTERRER. 81TERPIIET
BRI ERE,

© tarlight and the First Black Holes: Probing the Relationship Between the Black

Holes and the Host Galaxies

The James Webb Space Telescope (JWST),
launched in December 2021, has revolutionized
our understanding of the early universe. With its
unprecedented sensitivity and resolution in the
infrared, JWST is capable of probing the first billion
years after the Big Bang, offering a new window
into the formation and evolution of the earliest
galaxies and black holes. One of the fundamental
mysteries in astrophysics is the origin and early
growth of supermassive black holes (SMBHSs),
which have been found to exist less than a billion
years after the Big Bang and are known to reside at
the centers of galaxies in the present-day universe.
How did these black holes grow so rapidly in such
a short time? Furthermore, observations in the local
universe have revealed a tight correlation between
SMBH masses and their host galaxies, suggesting
a coevolutionary link. However, it remains unclear

whether this relationship was already established in
the early universe or if it developed over time.

A recent study published in Nature and led by an
international team, including Masafusa Onoue,
a Kavli Astrophysics Fellow, and Kohei Inayoshi,
an associate professor, at the Kavli Institute for
Astronomy and Astrophysics (KIAA) at Peking
University, has provided crucial new insights into
this question. Using JWST, the team successfully
detected starlight from galaxies hosting quasars—
actively growing SMBHs—at redshifts 6.40 and
6.34, corresponding to a time when the universe
was only about 860 million years old. These two
quasars, HSC J2236+0032 and HSC J2255+0251,
were originally discovered through the wide-field
survey of the 8.2-meter Subaru Telescope, which
has identified more than 160 quasars to date. The
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research group led by K. Inayoshi has been deeply
involved in developing the theoretical framework
for the coevolution of black holes and galaxies in
the early universe and has played a key role in the
Subaru high-redshift quasar survey. The successful
detection of starlight from these distant quasars
represents a major milestone in observational
cosmology.

Quasars are among the brightest objects in the
universe, making it extremely challenging to observe
the faint light from their host galaxies. Previous
studies, even with the Hubble Space Telescope,
struggled to isolate the underlying galaxy from the
quasar’'s overwhelming glow. However, JWST's
NIRCam imaging and NIRSpec spectroscopy
enabled the team to carefully model and subtract
the quasar’s light, revealing the underlying host
galaxies. Their analysis shows that the black hole-
to-galaxy mass ratio in these early systems is
similar to what is observed in more recent epochs.
This suggests that the coevolutionary link between

O IERAXFRESENHELSINKEIHR

2023 % 6 B, PEEOTENESFES] (CPTA)
HRE NS RN B RNik24 51 11K FE I X2 MIE
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STEFRNRIIERESS TXIIE, EXIEX
EHREFTHRERXZANPH (RS REMEGH
R) (RAA) . XZ2SINBERXENEEHRE, Z
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SMBHs and their galaxies was already established
within the first billion years of cosmic history,
providing key constraints on theoretical models of
early black hole growth.

The team plans to extend their study with a
larger sample of quasars to further refine our
understanding of how SMBHs and their host
galaxies evolved together over cosmic time.
Researchers at Peking University’'s KIAA are
playing a central role in unraveling the mysteries
of early black hole formation, utilizing JWST
and Subaru to push the frontiers of high-redshift
astrophysics. These discoveries mark an important
step toward answering one of the biggest questions
in modern cosmology: how the first massive black
holes and galaxies emerged in the young universe.

These results appeared as Ding, Onoue, Silverman
et al. "Detection of stellar light from quasar host
galaxies at z > 6" in Nature on June 28, 2023.
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Fig. 1 Picture of China's FAST, the 500-meter
aperture spherical radio telescope (from the

National Observatory of Astronomy, Chinese
Academy of Sciences)
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Fig. 2 The constraints on the spectrum of
stochastic gravitational wave background using
CPTA DR1. Top Left: the posterior distribution
of spectral index a; top right: the 2d distribution
of the spectral index a and characteristic
amplitude A_c of the tochastic gravitational
wave background; bottom right: the posterior
distribution of the characteristic amplitude A_c.
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Fig. 3 The measurements of the correlation curve,
i. e. the change of correlation coefficients with
the angular separation between pulsar pairs. The
red dots denote the correlation coefficients of all
pulsar pairs, and the blue curves are the average
of the red dots. The red lines show the theoretical
Hellings-Downs correlation curve caused by
gravitational waves

© Peking University Makes Significant Breakthrough in the Search for Nano-Hertz

Gravitational Waves

In June 2023, the Chinese Pulsar Timing Array
(CPTA) collaboration found key evidence
for the existence of nanohertz gravitational
waves, marking China’s research in the field
of nanohertz gravitational waves reaching the
international frontiers. This work is based on
observational data from China’s FAST, the Five-
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hundred-meter Aperture Spherical Telescope.
Prof. Kejia Lee, Post-Doc. Siyuan Chen, PhD
students Jiangwei Xu, and Zihan Xue, from
Department of Astronomy, School of Physics,
and Kavli Institute of Astronomy and Astrophysics
of Peking University played significant roles in
this research. The related paper was published

online in China’s academic journal, Research in
Astronomy and Astrophysics (RAA). This is an
important advancement in gravitational wave
astronomy, and once published, it received
widespread attention in the astronomy and
physics communities, with over 700 citations
to date. The achievement was also selected
as one of Science magazine's top ten scientific
breakthroughs of 2023, as well as Highlights of
the year 2023 by the American Physical Society,
and it has received various awards, including
the 2024 Frontier of Science Award of the
International Conference of Basic Science.

Gravitational waves are ripples in spacetime
predicted by General Relativity, generated by the
disturbance of surrounding spacetime caused
by the accelerated motion of massive objects.
The detection of gravitational waves is not only a
key test of General Relativity, but also provides
a new way to observe the Universe, enabling the
direct observation of non-luminous matter. For
a long time, physicists and astronomers have
been seeking to detect gravitational waves and
open a new window to observe the Universe. In
the 1970s, precise measurements of the orbital
changes in a pulsar binary system indirectly
confirmed the existence of gravitational waves,
leading to the award of the Nobel Prize in Physics
in 1993. In 2016, the Laser Interferometer
Gravitational-Wave Observatory (LIGO) in the
United States first directly detected gravitational
waves generated by the merger of stellar-mass
black holes in the hundred-hertz frequency band,
opening the field of gravitational wave astronomy
and earning the Nobel Prize in Physics in 2017.
More massive objects, such as supermassive
black hole systems at the centers of galaxies
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(ranging from one hundred million to a billion
times solar mass), generate lower frequency
gravitational waves that primarily concentrate in
the nanohertz band. In this band, there are also
primordial gravitational waves from the early
universe and gravitational waves generated by
exotic objects like cosmic strings.

Nanohertz gravitational waves are crucial for
understanding the formation of the large-scale
structure of the Universe and fundamental
physical processes from the early universe.
However, the detection of nanohertz gravitational
waves is extremely challenging due to their long
period (lasting several years) and wavelength (up
to several light-years). The pulsar timing array is
the only known method for detecting nanohertz
gravitational waves. Pulsars, one of the most
compact objects in nature, exhibit extreme
rotational stability, allowing the arrival time of their
pulses to be measured with very high precision.
A pulsar timing array uses pulsars as a galaxy-
scale detector of gravitational waves, employing
large radio telescopes to conduct long-term,
high-precision timing observations of a group
of millisecond pulsars with extremely regular
rotations. The detection of gravitational waves
is made possible by identifying characteristic
correlation curves (Hellings-Downs curve)
between pulsar pairs.

The search of nanohertz gravitational waves is
one of the major focuses of present-day physics
and astronomy. Several international teams,
including NANOGrav in North America, EPTA in
Europe, and PPTA in Australia, have conducted
searches for nanohertz gravitational wave using
their large radio telescopes for over 20 years.
Recently, new teams have also entered this
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field, including CPTA in China, InPTA in India,
and SAPTA in South Africa. In 2023, four pulsar
timing array collaborations, including CPTA,
independently detected key evidence of the
existence of nanohertz gravitational waves.
In this study, the CPTA team used FAST to
conduct long-term, systematic monitoring of
57 millisecond pulsars, forming a gravitational
wave detector spanning the scale of the Milky
Way to search for nanohertz gravitational waves.
The team developed independent software to
analyze data collected by FAST, with time span
of 3 years and 5 months, and found evidence
of quadrupolar correlation characteristic of
nanohertz gravitational waves with a confidence
level of 4.6 sigma (false alarm rate less than one
in 500,000).

The sensitivity of pulsar timing array to nanohertz
gravitational waves is strongly dependent
on the observational time span - sensitivity
increases rapidly with longer time span. The

CPTA's data span is much shorter than those
of the collaborations from the US, Europe, and
Australia. However, using the high sensitivity
of FAST, the large number of pulsars that can
be monitored, and the higher measurement
precision, the CPTA achieved similar sensitivity
compared to other PTAs in just 3.5 years, leading
to this significant scientific breakthrough. Due to
the current short time span of the observational
data, the CPTA team is temporarily unable to
identify the primary physical sources of nanohertz
gravitational waves. This issue is expected to
be resolved with the increase in the time span
of future observations. We look forward to the
pulsar timing array soon opening a new window
for exploration of the universe through the
observation of nanohertz gravitational waves.

This work is published in 2023 in the journal of
Research in Astronomy and Astrophysics (Xu et
al. 2023, 23, 075024) ,
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Figure 1: Right panel: The spinning top precesses
under the torque from gravity; Left panel: Similar
to the spinning top, the Galactic disk warp
"dances gracefully" under the torque of the dark
matter halo (an artistic impression created by
Kaiyuan Hou and Zhanxun Dong from the School
of Design, Shanghai Jiao Tong University).
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Figure 2: The three-dimensional structure of the
Galactic disk constructed from Cepheid variable
stars of different slices of age, showing the
variation of the warp node line with the sample
age (the slope represents the warp precession).

ZHRMREE TRUERANSEIEN, —
oA "B ER - B RERR DA,
FEIXEHUE L8 75 mFERE" (“the'motion
picture’ approach to measuring the precession
rate is novel and convincing” from Referee #1;
“as far as | am aware, this is the first time that
the warp is constrained to precess in retrograde
direction, and its precession rate is accurately
measured” from Referee #2)
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Figure 3: The validation of the “motion-picture”

method from an N-body+SPH simulation.
The LON of the cold gas warp is shown as a
green solid line and clearly exhibits retrograde
precession. The LON of young stellar populations
are presented both at the time of formation (black
solid line) and at present time (red solid line).
Clearly, the LON versus age of stars at present
basically catches the trend of both cold gas
and stars at formation for enough young stellar
populations (similar slope). That indicates that
the “motion-picture” method can reveal the
precession of the warp.

PEMFRAFEFEERSIERANFELIH
REDFREBZEXHNHBEFE, PERZER
REFFEEE, EIRAXFREFHR, PERZF
BEERRXX & X HKIEH R ZAM LBRBRELEXR
EIRMZEXPWHRBIRFE. WIHRIEEER
BPEMZRERAXEG. tRIMEAEMEEE
BREZZZFHMBRXFER,

18X §E#E: Nature Astronomy 8, 1294 (2024),
https://www.nature.com/articles/s41550-024-
02309-5

© "Motion Picture” Method Reveals the Shape of the Milky Way's Dark Matter Halo

In the nearby universe, nearly one-third of
disk galaxies are not perfect disks but exhibit
a warped shape resembling a potato chip.
Astronomers refer to this phenomenon as a
disk warp. The Milky Way, as a typical disk
galaxy, also has this warp feature. This tilted,
rotating Galactic disk, much like a spinning top,
inevitably undergoes precession due to the
torque exerted by the surrounding dark matter
halo (Figure 1). However, the measurement
of this important dynamic parameter, both in
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direction and rate, has been highly debated. This
is because previous measurements relied on
indirect kinematic methods, where the tracers
used are subject to dynamical perturbations or
heating effects, greatly limiting their accuracy and
precision.

In current paper, the team lead by Professor
Huawei Zhang at the The Department of
Astronomy and The Kavli Institute for Astronomy
and Astrophysics of Peking University

collaborated with the team lead by Associate
Professor Yang Huang at University of the
Chinese Academy of Sciences to propose a novel
“motion picture” method that can measure the
Galactic warp precession rate directly. This study
utilized 2,600 young classical Cepheid variable
stars discovered by Gaia as tracers, along with
precise distance and age data from both Gaia
and LAMOST. Using this sample, the researchers
applied the "motion picture" method to construct
the three-dimensional structure of the Milky Way's
disk across populations of various ages but all
younger than 250 Myr. The precession rate of
the warp can be clearly shown by "seeing" how
the disk warp evolves with age (Figure 2). Due to
the young nature of the Cepheids sample, they
retain information about the shape of the warp at
the time of their birth. The Cepheids with different
ages reflect the warp at different time, thus
exhibit its variation with time. This method is later
validated by N-body and SPH simulations (Figure
3, also see arXiv: 2409.02734). This study found
that the warp precesses in a retrograde direction
at a rate of 2 km/s/kpc (or 0.12 degrees per
million years). Further detailed measurements
show that the warp's precession rate gradually
decreases with radius. In fact, regardless of
the origin of the warp, its precession rate and
direction are jointly determined by the Galactic
inner disk and the dark matter halo. The results
of this study are also in great agreement with
the previous simulation prediction on the warp
precession that majorly under the influence of the
inner disk and dark matter halo. After subtracting
the contribution of the Galactic inner disk, the
research team found that the current dark matter

g XXZER
B BRI
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halo enveloping the warp exhibits a slightly
oblate ellipsoidal shape (with a flattening ratio
g between 0.84 and 0.96 for the equipotential
surfaces). Currently, only this shape can explain
the remaining precession rate of the warp. This
measurement provides a crucial anchor point for
studying the evolution of the Milky Way's dark
matter halo.

The study was highly praised by both reviewers:
“the ‘'motion picture’ approach to measuring the
precession rate is novel and convincing” from
Referee #1; "as far as | am aware, this is the
first time that the warp is constrained to precess
in retrograde direction, and its precession rate is
accurately measured" from Referee #2.

Associate Professor Yang Huang from the
University of the Chinese Academy of Sciences
and Graduate student Qikang Feng from Peking
University are the co-first authors. Associate
Professor Yang Huang from the University of the
Chinese Academy of Sciences, Professor Huawei
Zhang from Peking University, Researcher Jifeng
Liu from the National Astronomical Observatories
of the Chinese Academy of Sciences and
Professor Shen Juntai from Shanghai Jiao Tong
University are the co-corresponding authors.
This study also includes astronomers from the
National Astronomical Observatories of the
Chinese Academy of Sciences, Beijing Normal
University, and the University of Notre Dame in
the USA.

Link to this paper: Nature Astronomy 8, 1294
(2024), https://www.nature.com/articles/s41550-
024-02309-5
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Department of Atmospheric and Oceanic Sciences

ERREFRSEEFRZRBET 1929 F, BEPEHSRPE-—NASRE—RER/ER, BATER
HR-AROASSSFRZZER, WE2RET29 A, Hop 18 AREBIMELZEN, IMEMNBEFARTER,
ABFELRE SCIIEXA 5K, ERNRBEREEASRFSSTAEANERFEARARE 10 R, HRE
ZRRA[SEFRANEM SINOOEREF, ERBENANE: REXRSEKRZK. KSWESK
SHE. MEEFSESEEFR. aBESTEKRS.

The Department of Atmospheric and Oceanic Sciences (AOS) at Peking University originated from a
meteorological program established in 1929. AOS has the only first-tier focal discipline in atmospheric
sciences in China, and it has been making fast progress towards becoming a world-leading institute.
AOS has 29 full-time faculty and stuff, with 18 having a PhD degree from foreign universities. Each
year, each faculty member published 5 SCI papers on average. In total, the faculty has received
over 10 international awards and honors such as the AMS Fellow.The research fields cover extreme
weather and climate change, atmospheric physics and environment, physical oceanography, and

paleoclimate and planetary atmospheres.

© REEREE - BAEDEMFR

K IR FIME R ER R GAR TR 2.5 2 LA
k89 ENSO EEIFF R T RG&RMNA S, KIE/RE
& -mEs) (ENSO) HIRE 25 (LFUKR—EF
f£, 187 ENSO fRIgHELE S RREREM KIS
MO ETIER, X—ERARKSBEST
B9 ENSO Full A E L REH T EENET.

PACENSO RS ANEHFEREFANER,
RERNERERRNSERDS, WTREE2KS
ERFENEEFR, IXN25CFLHTERX
NRBEZNAN B M, ENSO RSB R
E_EwfmEzz? HEENFIRHA?

FRBSBEMKREAEN (CESM1.2.2) ,
SHXZ BN T L 25 ZFEFRT RIEINRA K
(B1FRE—DTRBEEESAR) . £2512F
B (250 Million years ago (Ma), &P mA—1NE
BB AFEM—MZKFE, £RFEIMFIRE (global
mean surface temperature, GMST) 5 25.5°C (H

52 | £#& BI-ANNUAL REPORT e co©©

1A) , Ltk T\ E 8] (pre-industrial, PI) B85
H+ZE (B1C) . BB VB RGHNERESE,
GMST A 19.7°C (B 1B, 150 Ma) , RER[E
HREBREZHKEXR, BEDHFEERER,
BETANTHREXEF "B - F" BESH
MFRRER WERKEMNEMEAREFAZT (B
1A-F, E 2A) .

252F LR, BRREFIREEREXNE—BEA
FHRERAFE (1200 W K, B 1G-1) , {788 2.5
1ZFEVAE—E1F7E ENSO &5, Pl B HIH ENSO
RIEHRS5, 5 06°C, 150 Ma &i&, K~ 1.3°C (E
HAI) . EEERADFHRZE, —MUFE
EHHENLE, R ENSO IRIEZWH S GMST =%
BFREESFEX, BLRATEE, ENSO #RiE
5 GMST., KRESHEREESENURFERNERE
ZRHAGFEEERXM,

1R #& I A ENSO B & # #x ¥ (Recharge

Oscillator, RO) I 1£ 4% B, % 1% Bjerknes stability
index (BJindex) BEGEAERE 2.5 12 LASK ENSO #xiE
TUWHER 57%, Hb4GEPREREMNEREER
BRNRBMEESMER. EREZMEAXEFHREKE
RENERE, SERRERARN, MEBRKERAMA
REXERNXMIINEIRSE, MMESEFERER
RANRIKEIERIRARERSS, SEENSO #RIBIHSS,
RZIRA. Ioh, ENSO IRIBERSZ XS BRI
[, FERSHEVMNESRAIETE, ENSO FRIBRGE,
RZINA, HMEEKEMASENMNNEEIRY, R
A TIRERR 2.5 1ZF LK ENSO #RIBEALH 76%.

A GMIST (250 Ma) =25.5°C B GNIST (150 Ma) = 197°C C GMST (P1) = 10.7°C

srwcanna | B

13X 2512FF 3 MERENBNSIE. KB
R K EFN ENSO: 250 Ma, 150 MaF1 PI, (A-C)
SHRMERBENRTFANG, (D-F) REMKX
BRERTHE, BEXLERNERXEEERE, WWEA
FREKERE, AMEEFRROAREFEREIERE.
(G-l) HEENBREENERETR, SELNE
ZFSEREX ENSOEHNEE, 2R
ESRRFEERFLENRAEF,

ZHRZEERBANZESEMAZ RO
B "KINEH S ENRSRREE" (42488201) %
Treml,

Xiang Li, Shineng Hu, Yongyun Hu*, Wenju
Cai, Yishuai Jin, Zhengyao Lu, Jiagi Guo,
Jiawenjing Lan, Qifan Lin, Shuai Yuan, Jian
Zhang, Zhongshi Zhang, Yonggang Liu, Jun
Yang, Ji Nie, 2024: Variations in the amplitude
of El NifRo—Southern Oscillation in the past 250
million years. PNAS, 121(45), e2404758121.

© Persistently active EL Nino-Southern Oscillation since the Mesozoic

The El Nifio—Southern Oscillation (ENSO),
originating in the central and eastern equatorial
Pacific, is a defining mode of interannual climate
variability with profound impact on global climate
and ecosystems. However, an understanding of
how the ENSO might have evolved over geological
timescales is still lacking, despite a well-accepted
recognition that such an understanding has direct
implications for constraining human-induced future
ENSO changes. Here, using climate simulations,
we show that ENSO has been a leading mode of
tropical sea surface temperature (SST) variability
in the past 250 My but with substantial variations

in amplitude across geological periods. We show
this result by performing and analyzing a series of
coupled time-slice climate simulations forced by
paleogeography, atmospheric CO2 concentrations,
and solar radiation for the past 250 My, in 10-
My intervals. The variations in ENSO amplitude
across geological periods are little related to mean
equatorial zonal SST gradient or global mean
surface temperature of the respective periods but
are primarily determined by interperiod difference
in the background thermocline depth, according
to a linear stability analysis. In addition, variations
in atmospheric noise serve as an independent
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contributing factor to ENSO variations across
intergeological periods. The two factors together
explain about 76% of the interperiod variations
in ENSO amplitude over the past 250 My. Our
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findings support the importance of changing ocean
vertical thermal structure and atmospheric noise in
influencing projected future ENSO change and its
uncertainty
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B 2 X Z&: Ying, T, Li, J., Fu, Q, Liu, G,
Zhang, L., Xia, Y. and Hu, Y., 2024. Fractional
change of scattering and absorbing aerosols
contributes to Northern Hemisphere Hadley
circulation expansion. Science Advances, 10(46),
p.eadq9716.

© Changes in the Fraction of Scattering and Absorbing Aerosols Contribute to the
Expansion of Northern Hemisphere Hadley Circulation

The Hadley cell is one of the most important large-
scale circulation systems in the world. In this
system, warm and moist air rises from the tropics
and sinks in the subtropics. It plays a decisive role
in the transport of energy and material between
different latitude zones of the earth, as well as
the climate in the tropical and subtropical regions.
Since large-scale satellite observations began in
the 1980s, the Hadley cells in both the northern and
southern hemispheres have expanded, causing the
subtropical arid areas to move to mid-latitudes. In
particular, the expansion of the Hadley cell in the
northern hemisphere has a significant impact on the
climate of densely populated areas such as East
Asia, South Asia, Europe, and North America. This
change trend is closely related to natural variability
and human activities. However, the relative
contributions of different factors and which factor(s)
play a dominant role remain unclear.

Li Jing's team conducted research on the expansion
of the Hadley Cell, breaking through the limitations

of traditional research that considers the total
amount of aerosols, and found that changes in
the relative content of absorbing and scattering
aerosols are the main factors causing the expansion
of the Hadley Cell in the Northern Hemisphere,
contributing 73% of the Hadley Cell expansion trend
in the Northern Hemisphere autumn (Figure 1).
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Figure 1: The widening trend of the Hadley cell
in autumn in the Northern Hemisphere since
the 1980s, as shown by CESM simulation
experiments and reanalysis data.
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n the mid-to-high latitudes of the Northern
Hemisphere, the increase in the proportion of
absorptive aerosols leads to a significant decrease
in aerosol single scattering albedo (SSA). In low
latitudes, SSA increases significantly. Changes in
SSA at different latitudes lead to significant warming
of the tropospheric atmosphere at mid- and high-
latitudes in the Northern Hemisphere (Figure 2),
while temperatures at low latitudes decrease
slightly, thus weakening the north-south temperature
gradient in the mid-latitudes and the baroclinicity in
the mid-latitudes, ultimately causing the northward
expansion of the Hadley cell.

0° 120°E 120°'W

°
Potential temperture trend (K/decade)

-0.02 -0.01 0 0.01 0.02
trend (1/decade)

Figure 2 A: Change trend of aerosol absorption
and scattering properties SSA in the Northern
Hemisphere autumn from 1980 to 2021;
B:Changes in Northern Hemisphere zonal
average temperature profile caused by changes
in aerosol absorption and scattering properties

Li Jing's team further compared the aerosol
simulation test results of the Global Multi-Model
Intercomparison Program CMIP6. Although the
SSA changes simulated by different CMIP6
models have large uncertainties, the models that
simulate a significant decrease in SSA in the mid-
and high-latitudes of the Northern Hemisphere
are also more likely to simulate the signal of the
expansion of the Hadley Cell in the Northern
Hemisphere (Figure 3 A), and this signal also
has a good correlation with the north-south
temperature gradient and mid-latitude static
stability (Figure 3 B&C), further supporting the
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important role of SSA changes in the expansion
of the Hadley Cell.
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Figure 3: Relationship between the Hadley cell
expansion trend in the Northern Hemisphere and
the mid- and high-latitude SSA, mid-latitude static
stability and radial temperature gradient trends
in the Northern Hemisphere in the CMIP6 model

aerosol forcing experiment

This study not only discovered new factors
leading to the expansion of the Hadley cell,
but also provided a new perspective for us to
understand aerosol forcing. That is, we need
to pay attention not only to changes in the total
amount of aerosols, but also to changes in
aerosol composition and optical properties. The
study also emphasizes the importance of global
observations of the optical parameter SSA, which
characterizes the absorption and scattering
properties of aerosols.

Research article: Ying, T., Li, J., Fu, Q., Liu, G.,
Zhang, L., Xia, Y. and Hu, Y., 2024. Fractional
change of scattering and absorbing aerosols
contributes to Northern Hemisphere Hadley
circulation expansion. Science Advances, 10(46),
p.eadq9716.
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Advancing Understanding of Methane Emission and Chemistry in the Atmosphere
through Satellite Observations and Process-Based Modeling
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Methane sources
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© Understanding Global Methane Emission Processes through Satellite Remote

Sensing and Numerical Modeling

Methane (CH4) is the second most important
anthropogenic greenhouse gas after CO2,
responsible for 0.6 ° C global warming since
preindustrial times. Under the Paris Agreement,
countries must set goals for mitigating their
anthropogenic methane emissions relative
to current baselines, highlighting the need to
explore the challenges and opportunities of
methane mitigation. (1) Using high-resolution
satellite observations, we quantify global methane
emissions by inverse analysis at up to 50 km
resolution. Our results reveal global emissions of
62.7 + 11.5 (20) Tg a-1 for oil-gas and 32.7 + 5.2
Tg a-1 for coal. Oil-gas emissions are 30% higher
than the global total from UNFCCC reports,
mainly due to under-reporting by the four largest
emitters including the US, Russia, Venezuela,
and Turkmenistan. (2) We demonstrate that,
under low-CO2 scenarios (1.5 and 2° C warming
pathways), the suppressive effect of atmospheric
sulfate deposition on wetland methane emissions
largely diminishes by 2100 due to clean air
policies, resulting in an additional emission
increase of 7 2 Tga-1, a factor not yet considered
by current Integrated Assessment Models. (3) We
find that near-shore methane emission intensity
is >95% lower than freshwater waters, driven by
suppressed microbial production in marine waters
and inefficient ventilation to the atmosphere.
Our work elucidates key mechanisms governing
methane emissions, providing critical insights for
addressing global climate change.
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Shen, L.*, Peng, S., Zhang, Z., Tong, C., Lin, J.,
Li, Y., Zhong, H., Ma, S., Zhuang, M., Gauci, V.
The large role of declining atmospheric sulfate
deposition and rising CO2 concentrations in
stimulating future wetland CH4 emissions.
Science Advances, 11,eadn1056(2025)

Zhong H., Shen L.*, Qu M., Ou Y., Zhang Y., Mao
H. Quantifying methane emission baselines with
high-resolution satellite data to support China's
emission control. Science Bulletin, in press (2025)

Shen, L.*, Wu, L., Wei, W., Yang, Y., MacLeod,
M.J., Lin, J., Song, G., Yuan, J., Yang, P., Wu,
L., Li, M., Zhuang, M.* Marine aquaculture
can deliver 40% lower carbon footprints than
freshwater aquaculture based on feed, energy
and biogeochemical cycles. Nature Food, 5, 615—
624 (2024).

Shen, L.*, Jacob, D.J., Gautam, R., Omara, M.,
Scarpelli, T.R., Lorente, A., Zavala-Araiza, D., Lu,
X., Chen, Z. and Lin, J. National quantifications
of methane emissions from fuel exploitation
using high resolution inversions of satellite
observations, Nature Communications, 14, 4948,
2023.
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Teaching Center for General Physics

IRRENEFREBYELZFZPORIRAEYEZRTERN—1=8NE, HalSAItRAFEY
BREEMELMZE, AREEMESKRENKERR. ZEMTEDIIZIRENNERURBE
LEARQEEBTE, POTR—MNERIREM 10 MEFEMRRRESL, SMERARREEEFANE
WA, PONEZEESEAEL2REENE 01-06 HEMRIFAREBHNHFEES, RRYRAERE
¥ 2000 frZ4, FRIRTIFEL 222000 A2, EEMEHZPOSZNHERIERAKEEBPIELZEN
MRESR, IFTHT —ZEENFRIEES, BHSHFRES, Z. P, SHYMEEENSIAMA
BIRNEDBZEN, ANNRREMNFRENEE, TWom iz, AREEE, SaMRK, FK
KFER, BEREY.

The Teaching Center for General Physics is a branch of the 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, electromagnetism, thermal physics, optics, atomic physics
and modern physics for the science major undergraduate students of Peking University. It is also
responsible for organizing seminars and arranging national and international 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 the School, 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 in series 01-05. 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 passed time. As
far as the teaching faculties are concerned, besides several full-time members, many professors
from other departments and/or institutes of the School participate also in teaching general physics.
Since these lecturers are experienced researchers, they make their classes highly interesting
and inspiring to the students. On the other hand, the Center invites also some retired professors
to be the 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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© Four Textbooks in National “101 Project” were Published

Four famous teachers in the center published
textbooks, Mechanics, Thermal Physics,
Electromagnetism and Atomic Physics. All
these four books are the key ones in the
national “101 Project” . They are compiled
by associate professor Shuxin Liu, professor
Yu-xin Liu, associate professor Ce Meng and
professor Xiaolin Chen, and Professor Yu-xin Liu,
respectively, based on their years of teaching
experience. They describes systematically
the basic phenomena, general properties and
fundamental principles of the respective subject.
The selection of the content in each of the books
is systematic and comprehensive, emphasizing
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the intrinsic combination of the theory and
applications. The theoretical analysis strives to be
gradual, accurate, and rigorous, emphasizing the
physics picture and the establishment process
of the knowledge systems, and contacts the
forefront timely. With these efforts, a holistic
understanding of the essence of physics as a
discipline of "seeing things with exploring the
underlying principle, and creating things based on
the principle" can be gained, so that not only the
intelligence and creativity can be inspired but also
the excellent qualities of a natural human can be
trained and promoted.
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© Made Progress in the Research of Students’ Ability Fostering Scheme and

Fundamental Physics Problems

Besides of accomplishing the tasks of the
education affairs of general physics and writing
the textbooks, the faculty members in the center
carry out researches not only on the scheme of
fostering the abilities of students but also the
significant problems in fundamental physics.
Concretely, Professor Mu published one paper
in Physics and Engineering, Professor Meng
published one paper in Phys. Rev. D, one paper
in Eur. Phys. C, one paper in JHEP and one in
Chin. Phys. C. Prof. Yu-xin Liu published one
paper in Phys. Rev. Lett., 6 papers in Phys. Rev.
D, 2 papers in Phys. Lett. B, 2 papers in Eur.
Phys. C, one paper in Commun. Theor. Phys.,
and one in Sci. China-Phys. Mech. Astron..

Prof. Liangzhu Mu conducted in-depth research
on the learning difficulties arising from the
delayed match of university study from high

s ZEWELZPO
Bz XIEE

school. He found the reasons behind the various
difficulties and proposed the ETA method of
solving problems based on the ETA physics
cognitive model, mainly addressing the two
issues of how to learn and how to learn well.
With persistent adhering to this set of learning
methods, one can become skillful, improve
learning efficiency, and gets time to explore more
meaningful issues. The complete cultivation of
cognitive abilities, especially the enhancement
of exploratory abilities, can help to seek more
directions and space for the career development
of students and their abilities to handle unknown
things in future. In turn, it solves efficiently the
psychological problems of students caused by
"neijuan” (the excessive competition among
students).
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Teaching Center for Experimental Physics
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The Teaching Center for Experimental Physics at Peking University is "National Experimental Teaching
Demonstration Center". We undertake the core course teaching of National Outstanding Courses
"General Physics Experiments" and "Modern Physics Experiments". On the basis of the above,
we construct the research-oriented courses, "Comprehensive Physics Experiments" and "Frontier
Physics Experiments". Currently, there are 7 full-time faculty members (2 professors and 5 associate
professors), and 7 laboratory technicians (1 senior engineer and 6 engineers).
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© "General Physics Experiments”
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recognized as a National First-Class

Undergraduate Course by the Ministry of Education

"General Physics Experiments" is the first
required physics experiment course for
undergraduate physics students, with the primary
goal of enabling students to gradually master
the foundational knowledge, basic methods,
and fundamental skills of physics experiments.
On this basis, students tentatively learn how to
conduct research using experimental physics
methods. With the development of the times, the
"General Physics Experiments" course mainly
faces the following issues: first, how to balance
the fundamentality and frontier content, allowing
students to effectively complete foundational
training while also being exposed to more
advanced topics and receiving more challenging
training; secondly, how to conduct differentiated
cultivation based on individual student
differences, ensuring that the experimental
abilities of students at different levels can be
effectively improved.

To address the aforementioned challenges,
one concrete initiative implemented by
the Experimental Center is "strengthening
foundational training". With the discipline
development and technological innovation,
the center continuously updates the specific
content and related techniques covered under
"foundational training," ensuring that course
materials reflect both current developments in
physics and modern technology while enhancing
students' fundamental experimental skills.
For example, low-temperature and vacuum
experiments, originally categorized as modern
physics experiments, have been incorporated

into the basic curriculum. In terms of instruments
and techniques, analog oscilloscopes have been
replaced with digital oscilloscopes, sensor and
virtual instrumentation technologies have been
introduced, and optical platforms have partially
substituted guide rails. These updates ensure that
the "foundational" aspects of the course maintain
high standards. Another key initiative involves
expanding modular content. To implement ability-
driven education and provide special training for
excellent students, the center has prioritized the
development of research-oriented modules such
as "Independent Comprehensive Experiments"
and "Topic-specific Investigative Experiments”.
These advanced modules use physics research
as a methodological framework, focusing on
resolving challenging issues in physics teaching
experiments and exploring the research topics
suitable for undergraduates derived from scientific
frontiers. They create a self-directed learning
environment for excellent students, significantly
elevating the course's academic depth and
innovativity. Together, these foundational and
advanced modules form a comprehensive
"General Physics Experiments" curriculum that
balances fundamental training with integrated,
research-driven, and innovative components.
In 2023, "General Physics Experiments" was
recognized by the Ministry of Education as a
National First-Class Undergraduate Course.

0ooe BI-ANNUAL REPORT &£ik| 63



. I HIGHLIGHTS
AP OLHARSK

© [ERRFIIL ¥ 12 BE AR IT 52 55 2% [ 2R PA B R FN S 38 15 )l

ERAXFEMPIBLIRHF PORRT 2022-
2023 £ 2 i B BRAD I OM ) 2 B AR IT 5 52 2R [ 2R BA
GEHRAEY TN E D, - EE R ERART
SRR 5 2 A RAN TN IR AR T 52 X 3R BABY
8 ENRINEEPEENEZRRENSEIRE
HEpikh, NEFEREEMAEPELIRFMRSS
NEZFHEEEEATFNNS, LR OAESLIER
ZRAZH T BN EREEFFISTRFI, FE
W OVESHIERE AR EESENRAZEN
MEBLIRS, MUHBRNENRHLERMFEN.

AEPENSEEFMRIRELERS, L
B ORENA ER BRI NEFLH TR
TSR R 2 AEML R EH, 2023 F 5
B21BE29H, £ 23 FIMPERNKTTZE

FRHEBESZERED, XRRARBNERSD
Wi 3 EZEEIRIFENNITNY RN T TR,
RAPERNEMNN 8 ZEFRIER . ZHEE ETRE.
BERA. TR, NEE, BHS. ERHDR
Bk, HEBETIABRENTI =&, XBE=EMH
h 2 ERBEFREDASDRSE —FIEILHK S
F—H ML, 2023FE7 B 10H=E17H, £ 53
EERERERL e SEFEARRENZED, H
BT MERRMXHISENE, Hit 450 5F 4%
SNAJELEE ., REPELERE 5 ALEFRIEN.
TEY. HOR. 88%. BRELMBREESH,
PMABREHED B NE—ENEME G, Elt,
2RO ] B 2 490 222 BRAR UL 52 32 2R iR A 15 I4E 55
ES BRI,

© Selection and experimental training for national teams of the International and

Asian Physics Olympiads

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 2022 to
2023. 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 and elevate the students' physics
experiment level, to make sure that the selected
members were the most excellent.
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To ensure that the Chinese team members
achieved their optimal competitive condition,
the Experimental Center arranged specialized
experimental training courses and multiple
mock exams for the participants prior to the
competition. From May 21 to 29, 2023, the 23rd
Asian Physics Olympiad (APhO) was held in
Ulaanbaatar, Mongolia. This marked the first on-
site APhO held after a three-year hiatus due to
the pandemic. All 8 members of the Chinese
delegation, Lang Chengchao, Li Botao, Huang
Zicheng, Qin Chushi, Li Beier, Liu Huajun, Pu
Boyan, and Gong Bingrui, secured gold medals.
Notably, they swept the top three positions in
overall individual performance. Lang Chengchao
from Fuyang High School claimed first place
in both the overall individual ranking and the

theoretical exam. From July 10 to 17, 2023, the
53rd International Physics Olympiad (IPhO) took
place in Tokyo, Japan. The event attracted 450
students from 87 countries and regions. All five
Chinese participants, Yu Bowen, Ding Zhuoli, Tian
Xiangchen, Zhao Hanhong, and Jiang Daibing,
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earned gold medals. Their individual rankings
occupied the 1st to 4th and the 6th positions
globally. These outstanding achievements signify
the successful completion of the selection and
training programs for both the International and
Asian Physics Olympiads.

Electron Microscopy Laboratory of Peking University

BFEMELREMILT 1964 F, NEIBFEMBENVNAILRKRZEMSITNHARTEE, TEF
SROEREMHSRENBRAOMVERSMBREW AT OEFR, 1992 FRERBEMERN "BF
FEBFEMBERERFHNEUIRE" , IREAFMMELNLKBREIRED, BEER "HITER" .
21170 "985" MBMANNF, HBAEBLR 14 5, SFEFBRR7 6, AMER3 8, BREET

R3IE, LTREEMN40 ATl LHREKREE 24 &

- 2015 FHFE=XMW TR ARELFATHHEZE,

—BRAERATEGRSE, 2023 FRMM A KE BRHF—FIRIMEAETHIRE BRRETHNAE,
SR=ENEFRENMEEIT 2 27T, BHEENABRREEERNSLTREMM. BREAEIFARI A,
EREIREFTESEEREELEE. IRRARIAR 8, Hh 8 \EAFLZEM, HNSRRR (B
LELESRIEMIAN) . IREAREZWERSRNESE. 8FF, LF. PRRZEMMES, ARE
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LWRAE T ERICHNKEREENEE, 8 WKEKIEBE JEOL ARM300F2, =850 HE
RFIK 48 pm, BEEFZE, B3 Merlin EEBFEN, SEERL, BFEEREAILESE,;, YIKERKIES

8 FEI Titan Cubed Themis, ZREHHESIA 60 pm, BEEFE, BFESBATEFNEE (DPC) ,
RERIER Lorentz 30, ZHEERL, BFEERKIES,;, RAFTKERIESDER JEOL ARM200F, F
BHNBRMMGEREIELR,; S HKERIEES B Nion U-HERMES200, T{E®EA 30-200
KV, TEBHEZES R 30KV 51X 4 meV, RED PR 200 kV ZiX 60pm, FBEMHIEES. LI+,
IREREEESHEMUIFERES, JUEZEBRPIMEUNIZFE. B8F. BR. MH. RISEELR,
IR BER, 5 RBUZMEN (20 Oneview IS, K2 IS &), B2 RICFBET RN, SLINEB FREBRME A,
SRR ERNR RSB EHFCFNKET R, FET —FKINERHFLRIE, AL TS
FREANMPRKHAERER, SoERSEDOERABER, FHESHEHTREEMT L,

Established in 1964, the Electron Microscopy Laboratory was designated as Peking University's
public platform for microscopic analysis and testing from its inception. Its primary mission is to provide
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high-quality electron microscopy analytical services university-wide while cultivating specialized
electron microscopy professionals. In 1992, it was approved by the National Education Commission as
a "State Key Discipline Laboratory for Electron Optics and Electron Microscopy." Over its half-century
of development, the laboratory has received substantial support through the university's "World Bank
Loan," "211 Project," and "985 Project" initiatives. It currently houses 14 major electron microscopes,
including 7 transmission electron microscopes (TEMs), 3 scanning electron microscopes (SEMs) and
3 focused ion beam (FIB) systems. Additionally, the laboratory possesses 24 large-scale instruments
each valued above 400,000 RMB. In 2015, the facility acquired two aberration-corrected electron
microscopes (Cs-corrected TEMs) for materials science research and one cryo-electron microscope
(Cryo-EM) for life sciences applications. Further advancing its capabilities, two additional aberration-
corrected microscopes were procured in 2023 to address PKU's needs in cutting-edge spherical
aberration-corrected characterization techniques. With total equipment assets approaching 200
million RMB, the laboratory's hardware infrastructure and open-access environment now rank among
China's most advanced. Laboratory Director is Professor Pengbo Gao, Boyat Distinguished Professor.
The facility currently employs eight engineering/technical personnel. Of these, eight hold doctoral
degrees, all with senior professional titles—including one Professor-Level Senior Engineer. The team's
multidisciplinary expertise spans physics, electronics, chemistry, materials science, and geology,
ensuring comprehensive technical support.

The Electron Microscopy Laboratory at Peking University operates world-class aberration-
corrected transmission electron microscopy (AC-TEM) systems, including: (1) JEOL ARM300F2 (double
aberration-corrected, <48 pm resolution) equipped with a Merlin direct electron detector, multiple EDS
detectors, and EELS capabilities; (2) FEI Titan Cubed Themis (double aberration-corrected, <60 pm
resolution) featuring differential phase contrast (DPC) imaging, aberration-corrected Lorentz mode,
and parallel EDS/EELS systems; (3) JEOL ARM200F (condenser aberration-corrected) optimized
for in situ EDS studies; and (4) Nion U-HERMES200 delivering ultrahigh energy resolution (€4 meV
at 30 kV) and sub-60 pm spatial resolution (200 kV) with exceptional stability. The facility integrates
multifunctional in situ holders for mechanical/electrical/thermal (10K-1500 ° C) stimuli and liquid-
phase experiments, complemented by high-sensitivity detectors (OneView IS, K2 IS) for beam-
sensitive materials and dynamic process capture. In alignment with national priorities for scientific
instrumentation, the laboratory has developed cathodoluminescence systems and electron beam
lithography tools, which are open for university users and undergoing further development.

O MEBRNMKRZIIINE THEFESHEIE

NENZETRJLARITHMMEHINER G, E8F, EHINETHREEIEDRERS M
BRAEEREMAFOLECANBRRENEN  Br, XEATERANRLEFREUNENRRE
FopXEMma. H5, ETAZNETIROME REZSRFREBEEFE, MBAEMNERSE
FEEPTAANTIFREFHEMERE. BFET BAEEISIAEMEBERR (FIMFREMRE) .
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Figure 1. Measuring phonons of silicon
nanoribbon under inhomogeneous strain

© Measuring phonon spectra and thermal transport properties of a single nanowire

under inhomogeneous strain

Strain engineering enables the design and
optimization of advanced functional devices.
Precise thermal management is the key bottleneck
to the efficiency and longevity of advanced chips
and high-performance devices. At present, the
research based on strain engineering mainly
focuses on the regulation of electron transport
and electronic band structure by strain, and the
heat transport mechanism under inhomogeneous
strain has not been systematically revealed. This
gap in understanding arises from the limitations
of traditional characterization methods, which
struggle to measure nanoscale heat transport and
atomic-scale local phonon spectra. Additionally,
strain gradients often introduce confounding
factors such as interfaces and defects, further
complicating the analysis. In this study, we applied
an inhomogeneous strain field through the bending
of a single silicon nanoribbon on a custom-designed
suspended microdevice, and characterizing the
local lattice vibration spectrum using STEM-EELS

with sub-nanometer resolution, we observed that
a strain gradient of 0.112% per nm leads to a
significant 34 = 5% reduction in thermal conductivity
(). This reduction is more than threefold greater
than previously reported modulations of thermal
conductivity under uniform strain. This work
represents the first direct measurement of the
local phonon spectrum in a single curved silicon
nanoribbon at the sub-nanometer spatial scale
using STEM-EELS, thereby revealing a unique
phonon spectrum spreading effect induced by
strain gradients, which results in an anomalous
suppression of thermal conductivity. These findings
provide valuable insights for the innovative design
of functional devices based on strain engineering.
The results have been published in the Nature.
Professor Peng Gao is one of corresponding
authors.
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Fig. 50kV EBL system

REBIARNMNITLEMLT 10nm, FHEBEME
Z2IEHMT 50nm, EERFBMET—F2E
B, XA TMEERER, SHRITHRT EHIRZA
Zr, HiNTERRAZA, SEHERMMMT
BARRBEEET X,

M
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Fig. Stitching test results of the 50kV EBL system

© Development of electron beam lithography system

Electron Microscopic Laboratory, School
of Physics, Peking University persisted in
development and fabrication of electron beam
lithography (EBL) system with the support of
the Major Project of National Lab and Key-
Area Research and Development Program of
Guangdong Province. The PKU team participated
in building three sets of 30kV and a set of 50kV
EBL functional prototypes by 2023, and has
conquered the core technology of EBL machines
with independent intellectual property rights. We
have beaten several critical technologies, such as
high-precision laser interference sample platform,
electron beam vector scanning generator,

it
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electron beam blanker, proximity effect correction
algorithm, specialized application software, and
control system. This study has completed the
main tasks and achieved the expected goals.
The prototype developed in this study has
demonstrated good exposure function, with a
minimum line width of better than 10nm, splicing
accuracy, and lithography accuracy of better
than 50nm, and has been tested in user labs.
This study breaks the international technological
monopoly and fills the domestic technological
gap, which is of great significance for promoting
the development of national micro and nano-
processing technology.
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International Center for Quantum Materials, Peking University

ERAZEFRBZRO (LITER "L ) MZT 2010 F, 2—PERTILRARFNFELE
SREFNMA, EFFRRZPOEATFRRERSYENEFRRZNENGEA, SEERMUBFEREIHEH
WE, HAERANERGE. Bir—RENBEHRLFETE,

EA—PEHNRREFHFE, PORRABERRRNE, FESTEEBEXMIEL,
B R ERATE P SE IR AR S EIREHIHREA, BOTHTE— T EaYEBFEMARIFRE
FAEM, BAE—SXAEBERZNAONHREN, #EHUEFREARMNSHIEANARE, P LO—BEED
TAZIMEZER, ERSHBELERAAR, MIH5I#HT —HAEERNEENENIERURRSIER
TEFNENFRFE, BE2024 F12 8, EBEEMRIAR 34 A, HPHFELZER 4 A, BR15 A,
KIBEIZUR O A, FESHELE 6 A, POMEHINHAEERIEMMAIERR, HF2HBREELES
mEEtE. MRS 2 AZEPEMZRERLE, 3 ANEBINSERATUIIIIME, 3 ANEFELXFE "I
FERBBER" , 1 ANNEPELEE WIFEHELR" , 4 ANE DA - BEREIFAEAT" , 1
AZE "KIBFEE", BAREREBARNZESENUBTENZES, 4 NRERBARZESEM
FEFES, 4 NRIERDRLEBTEERESR, 20 ANEBIINSRERASHNETFRE, 4 NRBERBARZE
BEERBIMIBEERES, 2 ANEPAR "SERRASFFHL" .

hORRI ENFRZENESR (BRBIENMREESR) . ¥TELEAS, POEHEFEERR
WMEBEBBNNELMNLRAR, BOTHEAELREHRAR 113 A (2024 FHIE 33 A) , EL2EL
FEAXSERNGTEZHE, ERREASEFTE, PORNBHRE 2005, WwIHREERNES
&R, EWRERIIRSY, SRAERESNRE, POSMMNRET —PREFNES. IRMBAES. 1Lt
oh, BEESE. EHFER. FARHESHH, BATFEFERMTES THRERTYENTRANIS.

hOLUSERSHEMN EFMRRIZEATERRIE, B8, PORBEHRTEDARERE FHEZELR.
EFEREAPRNVILE, BREMMELEHMESLE, AMO XBEBEBENE. BESHERIEC, BRSYETE
AMRRE D, BRHRSOEE: EFEREN, SRSHDEPIHRIEN, XEKEFRAR, REEFS
PREFITH. BieBFE. BREMDE. NUESIUR. SHABREME . PFIXFEIES.
KEDNZE . KB ERGERHDELR. BRFR. BeEFGTOMRYIE, KISEHR. &
MEMBMRE, POERIEE 20 MR ITHER 1 MEKHINIARIRFEN 1 MRaYENEQ L
SRE, W, KIEPOEREIRAZEBLREMNERGEMERVRUEZER (AIERKXERRPL ),

POBEMRIZLK, EABZIERERMARE, FRREH—HMSHRERFARR, KETERFEAR
REZXESIAT, BZE 2024 F12 B, $OHEZE SCIE 2000 RFE, Hb£E LFTE Science,
Nature X EE{1FF), Physical Review Letters HFEFRIMKF AR L, /O IMzZESLEBEERAINE
Hit 50 R, RAZRBRRIHE 72T ART, HPSEREE “973 14" 5 M. BRERWAIUTLIINE 7
. ERBANZESEMMNZDOME 1 I (ELL) . EREBARNZESCIAREMAINE 1IN,
REARFESERNE 5T, POEEIRRE TOROUFE, WHITEMERER dERZTHE.
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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 platform
for physics research and education.

As an innovative platform 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 2024, the ICQM faculty members consist of 4 Chair Professors, 15 tenured Full
Professors, 9 tenured Associated Professors, and 6 tenure-track Assistant Professors. Among the senior
researchers there are 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 113 postdocs with several of them making important achievements in their research
fields. 200 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

 Low temperature and quantum transport experiments;

» Spintronics and low-dimensional magnetism experiments;
* High-resolution Spectroscopy experiments;

* AMO experiment and precision measurement;

» Theoretical condensed matter physics;

« Computational physics.
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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 confinement, and soft matters materials, etc. ICQM consists of 20
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 2024 since the establishment of the center in 2010, ICQM has published more than 1800 SCI
papers, many of which were published in the most influential scientific journals in the world, such as Science.
Nature and their series journals, Physical Review Letters, etc. The research funding received by ICQM faculty
members from Chinese research funding agencies has almost reached 600 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, ICQM has been visited by more
than 100 scientists annually through various capacities.
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Fig 1. Charge density wave insulator state at half-

integer filling, its evolution under a perpendicular
magnetic field, and the electron distribution in real
space obtained from Hartree-Fock calculations.

© Correlated Charge Density Wave Insulators in Chirally Twisted Triple Bilayer

Graphene

In the realm of condensed matter physics,
the behavior of correlated electrons presents
a fascinating playground for discovering new
quantum phenomena. When electrons interact
strongly with each other, the system will exhibit
a variety of quantum ground states that break
different symmetries. Moiré engineering of two-
dimensional materials provides a highly tunable
platform for studying correlated phenomena
by creating the flat bands which in essence
reduce the kinetic energy t of electrons.
Recently, Professors Xiaobo Lu, Zhida Song,
Yang Liu, and their collaborators investigated
Chirally twisted triple bilayer Graphene and
discovered for the first time a charge density
wave insulating state that breaks translational
symmetry.

In this work, the research team successfully

“HHBEESRESHPRENZREENLN

EA—FMRNMEFYE, BSHRESZTHBHEMA
TEMHEUESRENYESE, £ET . ER. 8
R, EFRRSERZTEHEEEENNANE,
BREXZHTEARAAMIUWRN ZXE, RE
F BCS(Bardeen-Cooper-Schrieffer) & & pfr i i&
NBSERNRONEAZTNER, ERRBEES
BESAPHIN_HESSFMEN, BEICEHIE
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fabricated high-quality chirally twisted triple
bilayer graphene dual-gated devices using a
stepwise dry transfer method and conducted
low-temperature electronic transport
measurements. Beyond observing correlated
insulating states at integer moiré fillings, they
also identified insulating states at half-integer
fillings. Under weak magnetic fields, they
observed enhancement at both half-integer and
integer fillings, along with emerging insulating
states at 1/4 fractional fillings. Hartree-Fock
calculations revealed that electrons form
charge density waves in real space, breaking
translational symmetry and leading to moiré
superlattice expansion, thereby creating
fractional states. This work was published
as an Editors’ Suggestion and Front Cover
in Physical Review Letters. (Phys. Rev. Lett.
2024, 132, 246501).

FHERIEIAXE o] e B IR FF 0 8] K& X R IE
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© Discovery of pair density wave state
superconductor

As a macroscopic quantum state of matter,
superconductors exhibit unique physical properties
such as zero electrical resistance and perfect
diamagnetism, which has attracted tremendous
attention in the field of scientific research and
industry over the past century. To understand the
observed two-dimensional (2D) superconducting
properties in high-temperature cuprate
superconductors, some theoretical works predicted
that the finite-momentum Cooper pairs can exist
in strong-coupling systems without breaking
time-reversal symmetry and show the spatial
modulation of superconducting order parameter,
which is different from the zero-momentum Cooper
pairing scenario proposed by BCS (Bardeen-
Cooper-Schrieffer) microscopic theory. This
extraordinary superconducting state is referred
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PHEXNZERS" (Pair density wave state in a
monolayer high-Tc iron-based superconductor)
N, F2023FE6B28HEL AR TEARNE
T ¢ BA) (Nature) . [E 83 Nature 7 & A X
= LA “Widespread waves spark superconductor
search” AN ZTEHT TS =RE, EHZA
MW AARBFHEEEATENDSURSEES
APNIEESAERTRE T ZHEFE",

Bl 1. 2= Fe(Te,Se) EiEXRE DA E—HEBER B
SRENENEZEEEREE,
Fig 1. Sketch of pair density wave state along the

quasi-one dimentional domain wall of monolayer
Fe(Te,Se).

in a two-dimensional high-Tc iron-based

to as the pair density wave (PDW). In the phase
diagram of cuprates, the PDW is considered an
important principal state along with homogeneous
superconductivity. Some theories suggest that the
PDW may serve as the mother state of strongly
correlated high-temperature superconductors,
which could help clarify the significant scientific
question of the mechanism for unconventional
high-temperature superconductivity (one of the
125 questions identified by Science). However,
experimental evidences of the PDW state in high-
temperature (high-Tc) superconductors have only
been observed in a few cuprates. The existence
of PDW state in iron-based superconductors,
another high-Tc superconductor family, was
not experimentally detected. Furthermore,
early theoretical model of PDW is based on 2D
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superconductors, but no compelling experimental
evidences of the PDW in ideal 2D superconductors
were reported.

Recently, the research group led by Prof. Jian
Wang from the ICQM, in collaboration with Prof.
Zigiang Wang at Boston College and Prof. Yi
Zhang at Shanghai University, discovered the
primary pair density wave state for the first time in
iron-based superconductors and low-dimensional
superconductors. The research group successfully
grew high-quality one-unit-cell-thick Fe(Te,Se)
films on SrTiO3(001) substrates, which show high-
temperature superconductivity. The pair density wave
is observed at the domain wall along the nearest
neighboring Fe-Fe direction by periodic modulations

#is:. ERKEFEFHHEZEPO

Bz EER

of the superconducting gap size, the coherence
peak height and the local density of states related to
superconductivity. This work opened new pathways
for studying unconventional Cooper pairing and
correlated electronic states in high-temperature
superconductors. Titled "Pair density wave state in a
monolayer high-Tc iron-based superconductor”, the
research was published in Nature 618, 934 (2023).
A "News & views" article entitled "Widespread pair
density waves spark superconductor search" in the
same issue of Nature highlighted this work, pointing
out that this discovery “therefore provides a 2D
platform for studying the interplay between states that
arise through interactions between electrons, as well
as unconventional Cooper pairing in high-temperature
superconductors.” .

AIRGHIAIN MM ESEESLEE

State Key Laboratory of Artificial Microstructure and Mesoscopic Physics
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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 ,11
special professors of the Yangtze River, 23 winners from the China National Funds for Distinguished
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Young Scientists, 8 winners from the National special support program for high-level personnel
recruitment, 14 winners from the New Century Excellent Talents in University, 4 Young Yangtze Scholar
and 16 winners from the National Natural Science Foundation of China Youth Fund.

The laboratory has 4 innovative research groups of the National Fund supported by NSFC, 2
innovative research team in university of Ministry of Education of China and has undertaken more
than 200 national-level scientific research projects in the past two years, including the national key
research and development plans and major scientific research plans and special national research
equipment development projects and NSFC innovative research group project.

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 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 Institute of Physics (IOP) ,1 Fellow of Society of Photo-Optical Instrumentation
Engineers (SPIE) , 4 Fellows of Chinese Optical Society (COS) , 2 Fellows of the Optical Society
of America (OSA) , 1 Fellows of American Physical Society (APS) and 1 Fellows of Royal Society of
Chemistry (RSC) .

In 2023 and 2024, the laboratory has obtained grants more than 300 million yuan, published more than
400 SCI papers, many of which were published in the most influential scientific journals in the world,
such as Science ,Nature /Nature series journals, Physical Review Letters, etc., including 5 Science
paper and 6 Nature papers; 100 patents were granted.
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Fig 1. Photograph for the wafer of the graph-

based quantum photonic chip
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& 2. R INEF TR ERREE
Fig 2. Conceptual diagram for the programmable

topological photonic chip

© Development of quantum photonics and topological photonics

1) Quantum information processing in
quantum photonic chips

Quantum photonic chips are the core hardware
for achieving efficient quantum computing and
quantum communication, which programmability
and high integration of chips holds fundamental
significance in advancing quantum information
processing. With the development in scaling
quantum photonic technologies, large-scale
quantum entanglement, quantum computing
and quantum networks on chips represents a
frontier direction and a significant challenge, so
it is necessary to develop the quantum hardware
foundations and improve the quantum control
capabilities.

The research group led by Prof. Jianwei
Wang solved critical technical problems in the
design, fabrication, control, and experimental
characterization of large-scale quantum photonic
chips, developed the Complementary Metal-
Oxide-Semiconductor (CMOS)-compatible
wafer-scale fabrication technology (Fig. 1)
and quantum control methodology for silicon-
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based quantum photonic chips, realized a very-
large-scale integrated quantum photonic chip
with approximately 2500 components. This
chip enables graph-based photonic information
processing, generated and verified a variety of
entangled states on a single chip, and realized
the generation, verification and operation of the
4-photon 3-dimensianl GHZ state for the first
time. And a new type of programmable boson
sampling based on graph theory was realized by
reprogramming the quantum chip. This work was
published in Nature Photonics (Nature Photonics
2023, 17, 573).

Besides, the research group led by Prof.
Jianwei Wang experimentally demonstrated
the preparation, certification and processing of
complete categories of four-qubit hypergraph
states under the principle of local unitary
equivalence, on a fully reprogrammable silicon
photonic quantum chip. Through quantum state
tomography, characterization of entanglement
witness and violations of Mermin inequalities,
the high-fidelity preparation and entanglement

characteristics of all 27+2 classes of hypergraph
states were verified. The blind quantum
computations based on measuring hypergraph
states was further demonstrated experimentally,
which realized quantum information processing
based on hypergraph states. This work was
published in Nature Communications (Nature
Communications 2024, 15, 2601).

To address the growing demands of high-
dimensional quantum networking, the research
group led by Prof. Jianwei Wang designed
innovative silicon-based quantum devices with
superior features such as high tolerance and broad
bandwidth, leading to the development of key
components including broadband quantum sources,
wavelength-division-multiplexed second-order
microring resonators arrays, unitary programmable
linear quantum networks, and multimode waveguide
gratings enabling coherent path-polarization-
mode conversion. The multi-dimensional hybrid
multiplexing quantum control technology on chip
is developed, and the quantum center chips and
node chips with high identity and scalability are
further realized. In order to solve the problem
that high-dimensional quantum states in complex
media are easily affected by external environment
disturbances and cannot be coherently transmitted
with high fidelity, they developed a technique
that can efficiently retrieve multidimensional
entanglement in complex-medium quantum
channels, which does not need to reconstruct the
transmission matrix and can repair high-dimensional
entanglement in complex quantum channels in real
time, and finally realized the coherent distribution of
high-dimensional quantum entanglement between
quantum chips. This work was published in Science
(Science 2023, 381, 221).
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«2) Programmable topological photonic
chips

Topological insulators have garnered significant
research interest owing to their nontrivial band
topology, physical properties, and promising
applications of topological edge states. Artificial
topological quantum systems, realized through
controllable architectures and devices, provide an
ideal platform for simulating topological material
characteristics, discovering exotic topological
phenomena, and developing novel topological
quantum devices. Common artificial topological
quantum systems include optical, cold-atom,
trapped-ion, and superconducting systems,
whose capabilities are typically reflected in global
tunability and individual control of single artificial
atoms, the latter fully leveraging the unique
advantages of artificial quantum systems. In
recent years, topological photonics has made
remarkable progress, with a variety of topological
phenomena experimentally demonstrated in
optical systems, accelerating the development of
topological robust integrated photonic devices.

By combining large-scale silicon-based
integrated photonics with topological photonics,
the research groups led by Prof. Jianwei
Wang and Prof. Xiaoyong Hu collaboratively
achieved a fully programmable topological
photonic chip (Fig. 2). This topological chip,
based on reconfigurable integrated microring
resonator arrays, monolithically integrates 2712
components, including 96 microrings with high
quality factors, 300 individual tunable phase
shifters and interferometers, realized a fully
programmable optical artificial atom lattice for the
first time. This photonic chip can be regarded as
an artificial lattice that allows arbitrary individual
control of atoms as well as the coupling strength
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and hopping phase between atoms. The
generic chip can be rapidly reprogrammed to
implement different functionalities: for example,
to dynamically transform topological phases of
Floquet Topological insulators, observe statistical
topological phenomena (statistical analysis of
topological robustness and topological Anderson
phase transitions) and realize a diverse class of
Topological insulators with various lattices (one-
dimensional (1D) Su—-Schrieffer—Heeger Tls, and
two-dimensional Floquet Topological insulators in
square and honeycomb lattices). This work was
published in Nature Materials (Nature Materials
2024, 23, 928).

Furthermore, the research group led by Prof.
Jianwei Wang combined topological protection
and ultrafast non-Hermitian phase transition,
observed nonlinearity-driven fast non-Hermitian
phase transitions involving exceptional points

i ATHMEMMNUYELEERLHRE
BHiZ: Xize

in a photonic Floquet topological insulator on
a silicon chip. By harnessing the four-wave
mixing nonlinearity of silicon nano waveguides
to engineer band structures, light that was in
a forbidden bandgap can now be transported
along a topological gain—loss junction at which an
non-Hermitian phase transition occurs. Through
implementing interferometric measurements,
the research group also validated coherence
of the non-Hermitian edge modes and dynamic
non-Hermitian phase transitions time involving
exceptional points at a speed of hundreds
of picoseconds. This work provides a way of
manipulating multiple phase transitions at high
speeds that is applicable to many other materials
with strong nonlinearities, which could promote
the development of unconventionally robust light-
controlled devices for classical and quantum
applications. This work was published in Nature
Physics (Nature Physics 2024, 20, 101).
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State key Laboratory of Nuclear Physics and Technology
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The State Key Laboratory of Nuclear Physics and Technology at Peking University (SKLNPT) 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 lon Physics, 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 laboratory include the Hadron physics, Radioactive
nuclear beam physics, Accelerator physics and techniques and Nuclear technique applications.

The lab is composed of 90 key researchers, including 3 academicians of the Chinese Academy of
Sciences, 5 Changjiang Scholar Professors, 18 National Outstanding Young Scientists. In 2023 and
2024, the lab has about 50 postdocs and 300 PhD candidate students. About 110 research projects
including the National Key Research and Development Plans and Special Fund for Research on
National Major Research Instruments are undertaken by this lab. The lab has an annual budget of
about 90 million yuan from the competitive funding resources and published more than 120 high level
papers per year.

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 x 6
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 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 LHC in Europe, RIKEN in Japan, ANL and FRIB in USA and so on.
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B 1. (a) &5 % E Ni(AlL,Fe) 0 KK F B8 RN
EBFRRFHTHNBSMIERMEE. B (b)H (c)
tERFR P ZERRNEBRSONERMPAKMERE,
EZETF 9Cr ODS .,

Figure 1. Superior radiation tolerance of
superlattice steel containing high-density
Ni(al,Fe) NPs. Comparison of b and ¢ shows that
the superlattice steel exhibits much stronger void
swelling resistance than 9Cr ODS steel.

© Ultrahigh Radiation Tolerance via Dynamic Ordering-Disordering Transition of

Coherent Nanoprecipitates

The stability of a material’s internal structure
directly determines its service performance in
extreme environments. A long-standing challenge
in nuclear materials research is effectively
suppressing radiation damage. Conventional
strategies typically rely on interfaces within the
materials to trap and annihilate defects, but these
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interfaces often become unstable under high-
temperature, high-dose irradiation, leading to
gradual defect accumulation and eventual severe
radiation swelling and material failure.

Recently, Prof. Engang Fu's team from the
Department of Technical Physics, School of

Physics, Peking University, in collaboration with
Prof. Zhaoping Lu's team from the University
of Science and Technology Beijing, proposed a
novel mechanism for radiation defect annihilation.
For the first time, they discovered and elucidated
that coherent nanoprecipitates undergo rapid
and reversible atomic-scale ordering-disordering
transitions during irradiation. This dynamic
transition allows nanoprecipitates to cyclically
dissolve and re-precipitate under high-dose
irradiation, continuously annihilating radiation-
induced point defects and effectively preventing
their long-range diffusion and aggregation.
Thus, the radiation stability of the material is
significantly enhanced. Their study demonstrates
that by designing coherent nanoprecipitates with
minimal lattice mismatch and large compositional
tolerance, no significant radiation swelling occurs
even under extremely high radiation doses
(up to thousands of dpa). This groundbreaking
achievement not only enriches the fundamental
understanding of radiation damage mechanisms
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in nuclear materials but also lays a crucial
foundation for developing high-performance,
safe, and cost-effective nuclear materials for
engineering applications, representing significant
and broad implications.

This work, titled “Superior Radiation Tolerance
via Reversible Disordering-Ordering Transition
of Coherent Superlattice,” was published in
the prestigious journal Nature Materials (Nat.
Mater. 2023, 22, 442-449). This marks the
first experimental nuclear materials research
independently conducted by a Chinese research
team published in this journal. An internationally
renowned expert in nuclear materials, highlighted
this research in the News & Views section of
Nature Materials, noting that this study introduces
a novel scientific concept for enhancing radiation
resistance and offers significant practical potential
for future nuclear engineering applications due
to its simple and economical material fabrication
methods.
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Figure 1 (a) Schematic diagram of the picosecond
laser-driven shock acceleration scheme
using a dual-target ablation configuration. (b)
Experimental comparison of neutron yields
with and without target ablation. (c) Numerical
simulation results showing the variation of forward
neutron yield with laser intensity.

© Laser-Driven Novel Short-Pulse Neutron Source Scheme

Neutrons, being electrically neutral yet possessing
magnetic moments and spin, exhibit unique
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penetration and detection capabilities during
interactions with matter that differ fundamentally

from other microscopic particles such as X-rays,
electrons, and ions. Techniques including neutron
scattering, diffraction, and radiography have
been widely applied across diverse fields such
as medicine, materials science, nuclear physics,
engineering, and security, establishing neutrons
as indispensable probes for scientific research
and industrial applications. Currently, neutron
science primarily relies on conventional reactor-
based and spallation neutron sources. However,
these large-scale facilities face challenges such
as exorbitant costs, limited availability, and
peak flux constraints imposed by core cooling
and storage ring capacities, which inherently
restrict the advancement and widespread
adoption of neutron science. Consequently, the
pursuit of compact, high-flux, and cost-effective
neutron sources has become a key objective
for researchers. The emerging technology of
ultrashort ultra-intense laser-driven particle and
neutron beams has garnered significant attention
in recent years, offering a promising direction for
the development of compact neutron sources.

A collaborative effort between Professor Bin
Qiao’s group at the Institute of Heavy lon
Physics, School of Physics, Peking University,
and the Science and Technology on Plasma
Physics Laboratory at the Research Center of
Laser Fusion, China Academy of Engineering
Physics, proposed a novel scheme for generating
high-flux neutron sources. This approach employs
picosecond intense laser-driven collisionless
shock acceleration (CSA) of deuterons to
irradiate a secondary target (see figure). The
proof-of-principle experiment was conducted on
the XingGuang-IIl (XG-I1l) laser facility. On July
12, 2023, the findings were published online in
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Physical Review Letters under the title "High-
Flux Neutron Generator Based on Laser-Driven
Collisionless Shock Acceleration."

In near-critical-density plasmas, lasers can drive
collisionless electrostatic shocks, whose sharp
wavefronts sustain strong longitudinal electric
fields capable of continuously reflecting and
accelerating background ions to high energies,
irrespective of their charge-to-mass ratios.
Compared to conventional target normal sheath
acceleration (TNSA), CSA not only offers superior
performance in deuteron acceleration but also
significantly enhances the number of high-energy
deuterons, thereby enabling the production of
high-flux neutron beams via nuclear reactions in
a converter target.

Guided by this concept, the researchers
innovatively designed a dual-target ablation
configuration. A nanosecond laser and
picosecond prepulse were utilized to create a
near-critical-density plasma suitable for shock
generation, while the picosecond main pulse
drove the collisionless shock to accelerate
deuterons. Experimental results on the XG-
[l facility, with a picosecond laser intensity of
1019 W/cm?, demonstrated a characteristic
CSA plateau feature in the deuteron energy
spectrum spanning 2—6 MeV. A forward neutron
yield of 6.6x107 n/sr was measured after the
LiF converter target, surpassing the neutron
flux from TNSA-based schemes by an order of
magnitude. Self-consistent hybrid simulations
further predicted that at the same laser energy
but increased intensity of 102" W/cm?2, this
scheme could achieve a forward neutron yield
of 5x1010 n/sr—over an order of magnitude
higher than the current international record under
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comparable laser conditions. This work presents  Yilin Yao (Peking University Ph.D. candidate),

a groundbreaking approach for compact laser- Shukai He (CAEP assistant researcher), and Zhu

driven neutron sources and paves the way Lei (Peking University Ph.D. candidate) are co-

for their critical applications across scientific first authors. Professor Bin Qiao and Researcher

disciplines. Weimin Zhou from the Laser Fusion Research
Center are corresponding authors.
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Frontiers Science Center for Nano-Optoelectronics,Peking University
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The Frontier Science Center for Nano-Optoelectronics is one of the first seven frontier science centers
established by the Ministry of Education. The center integrates the advantages of nano-photonics and
microelectronics, and carries out research in three main directions: nano-optoelectronics physics and
devices, nano-optoelectronics integration and testing, and nano-optoelectronics chips and applications.
It brings together research forces from multiple disciplines including optics, condensed matter physics,
microelectronics, and solid-state electronics.
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Figure 1 a, Natural frequencies of representative
objects across different scales. b, Artist's view
of single-particle vibrational spectroscopy using
optical microresonators.c, Representative
vibrational spectrum of a polystyrene particle.

© Microcavity Acousto-optic Interactions and Precision Measurement Applications

Vibrational spectroscopy is a ubiquitous
technology that derives the species, constituents
and morphology of an object from its natural
vibrations, and has been widely used in different
scales, such as molecular spectroscopy, atomic
force microscopy, and stellar seismology.
Generally, they measure natural vibrations via
either electrical or optical techniques—the former
being suitable for macroscopic objects with low-
frequency vibrations, while the latter is extensively
used for high-frequency vibrations in the
microscopic world. However, existing techniques
face significant challenges in measuring the
vibrational spectra of mesoscopic particles.

The research group led by Yun-Feng Xiao
demonstrated the real-time measurement of
natural vibrations of single mesoscopic particles
using an optical microresonator, extending
the reach of vibrational spectroscopy to the
megahertz-to-gigahertz spectral window.

Conceptually, a spectrum of vibrational modes of
the particles is stimulated photoacoustically by
the absorption of laser pulses and acoustically
coupled to a high-quality-factor optical resonance
for ultrasensitive readout. Experimentally, this
scheme is verified by measuring mesoscopic
particles with different constituents, sizes and
internal structures, showing an unprecedented
sighal-to-noise ratio of 50 dB and detection
bandwidth of over 1 GHz. This technology
is further applied for the biomechanical
fingerprinting of the species and living states of
microorganisms at the single-cell level.

This work was published as a cover story in
Nature Photonics (Nature Photonics 2023, 17,
951) and highlighted in the News & Views section
under the title "Listening to microorganisms with
light". It was also selected for "Optics in 2023" by
Optics & Photonics News and one of "Top Ten
Breakthroughs in Optics in China" in 2023.
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Figure 1 Vortex soliton microcomb.
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© Development of integrated vortex soliton microcombs

As a coherent light source with equidistant
spectral lines, optical frequency combs
(OFCs) have demonstrated revolutionary
potential in precision spectroscopy and
optical communications. Simultaneously, the
orbital angular momentum (OAM) of light,
characterized by its topological charges,
has emerged as a new dimension for high-
dimensional quantum information encoding and
advanced light field manipulation. However,
traditional approaches for synergistic control
of frequency and OAM remain constrained
by the complexity and low integration level
of bulk optical systems, hindering efficient
generation and detection of high-dimensional
states. Addressing this challenge, a research
team led by Academician Qihuang Gong
at Peking University has achieved a world-
first demonstration of chip-scale integrated
vortex soliton microcombs, overcoming core
technological barriers in multidimensional
frequency-OAM light field coordination. This
breakthrough work was published in Nature
Photonics (2024, 18, 632—637).

The team developed a highly integrated vortex
soliton microcomb chip on a silicon nitride
photonic platform. Featuring a 22-pm-radius
ring microresonator, the chip incorporates 160
elliptically shaped angular gratings (50 nm width
x 100 nm length) along the inner periphery
through electron-beam lithography. This design
achieves balanced vertical emission efficiency
(7%) and ultralow optical loss, yielding an
intrinsic quality factor of 1.79 million. Precise
grating parameters were validated through

measured 2.45 GHz mode splitting (2.5%
deviation from theoretical predictions), while
modal decomposition confirmed >80% purity
across 12 generated OAM modes.

Under 1,550 nm pumping, the chip sustains
single-soliton states exhibiting a characteristic
sech? spectral envelope spanning 40 THz. Each
comb line carries unique OAM with topological
charges ranging from -8 to +6, where one
free spectral range (1 THz) corresponds to a
unit change in OAM order. A blazed grating
and infrared CCD-based interferometric
measurement system conclusively established
the strict one-to-one frequency-OAM mapping
relationship.

The team uncovered spatiotemporal evolution
dynamics of vortex solitons, revealing rotating
double-helical intensity profiles revolving
around the optical axis at the 1 THz repetition
rate. Through innovative self-referenced
interferometry using intrinsic soliton pulses as
reference, experimental observation captured
intensity pattern rotation at 0.297 mm spatial
periodicity (0.3 mm theoretical prediction).
Three-dimensional reconstruction unveiled
spring-like spatiotemporal topology, establishing
new paradigms for optical tweezers and
ultrafast communication control.

Leveraging the intrinsic frequency-OAM
correlation, the team pioneered vortex
spectroscopy techniques. By encoding preset
phase distributions via a spatial light modulator
(SLM) with holographic pattern encoding —
simulating atmospheric turbulence in free-
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space channels — and implementing 4f optical
systems with aperture filtering, complete
single-shot measurement of high-dimensional
OAM states was achieved. Experimental
results demonstrated excellent agreement
with simulations, highlighting transformative

potential in next-generation spectral analysis
and high-dimensional optical encoding. This
technology has been successfully deployed
in 6G terahertz communication prototypes,
enhancing channel capacity by 4.8x through
OAM-wavelength hybrid multiplexing.
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Institute of Modern Physics
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Beijing Institute of Modern Physics was founded at Peking University on October 14, 1986, through the
initiative of Nobel Laureate in Physics and Peking University Honorary Professor, Tsung-Dao Lee. As
an internationally oriented and open academic hub, the institute is dedicated to excellence in teaching,
cutting-edge research, and talent development. It plays a pivotal role in advancing Peking University's
physics and related disciplines, fostering to high-level talent cultivation, scientific innovation, and
interdisciplinary collaboration.

The Center for High Energy Physics at Peking University, affiliated to the Beijing Institute of Modern
Physics, was founded in August 2006, , with Professor Tsung-Dao Lee serving as its first director. It
currently employs 8 senior overseas scholars, 33 specially appointed domestic researchers, 7Tsung-
Dao Lee Young Scholars, and 14 postdoctoral fellows, conducting research in cosmology, quantum
field theory, particle physics phenomenology, and hadron physics.
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© Hosting the 2023 Peking University International Summer School on Fundamental

Physics

As one of the key initiatives of Peking University's

“International Strategy Year,” the 2023 Peking
University International Summer School on
Fundamental Physics was held from August 6
to 27. The program was organized by Peking
University, with the School of Physics, the Kavli
Institute for Astronomy and Astrophysics (KIAA),
and the Beijing Institute of Modern Physics
serving as co-hosts.

The program was open to undergraduate
students in physics and related disciplines
worldwide. After a rigorous process of application,
recommendation, and selection, over 50 physics
majors from 16 universities across nine countries
were admitted, including 14 international
students.

At the opening ceremony, Qihuang Gong,
President of Peking University and Academician
of the Chinese Academy of Sciences (CAS),
emphasized that humanity today needs
international cooperation and open sharing more
than ever to address common development
challenges. He noted that openness and
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collaboration remain the mainstream in
fundamental research. Peking University adheres
to the principle of “promoting excellence through
openness and advancing together with the
world,” continuously strengthening ties with
renowned overseas universities and research
institutions to elevate international scientific
exchange and cooperation to new heights.
Jie Zhang, President of the Chinese Physical
Society and CAS Academician, remarked in his
speech that every equation solved and every
experiment conducted is driven by human
curiosity and imagination, each new discovery
serving as an invitation to explore even deeper
and farther. Luca Greczmiel, a student from Otto
von Guericke University Magdeburg, expressed
eagerness for the busy yet joyful academic
life at Peking University. In a special lecture,
Yifang Wang, Director of the Institute of High
Energy Physics (IHEP) and CAS Academician,
introduced major international collaborative
projects led by China, such as the Large High
Altitude Air Shower Observatory (LHAASO), the
Jiangmen Underground Neutrino Observatory

(JUNO), and the Circular Electron-Positron
Collider (CEPC). He analyzed the opportunities
and challenges for China'’s high-energy physics
to transition from “securing a place in the world's
high-tech arena” to leading globally.

Ten world-renowned scientists were invited to
deliver five specialized courses and 12 lectures,
all conducted in English. The topics spanned
foundational and interdisciplinary frontiers in
physics, astronomy, atmospheric sciences,
mathematics, information science, and the history
of science and technology. The distinguished
speakers included:

Alain Aspect (Professor at Paris-Saclay
University/Ecole Polytechnique, Member of the
French Academy of Sciences/National Academy
of Technologies, and 2022 Nobel Laureate in
Physics);

John E. Hopcroft (Professor at Cornell University,
Visiting Chair Professor at Peking University,
Member of the U.S. National Academy of
Sciences/National Academy of Engineering/
American Academy of Arts and Sciences,
Foreign Member of CAS, and 1986 Turing Award
recipient);

David A. Weitz (Professor at Harvard University,
Member of the U.S. National Academy of
Sciences/National Academy of Engineering/
American Academy of Arts and Sciences, and
Foreign Member of the Chinese Academy of
Engineering);

Young-Kee Kim (Professor at the University of
Chicago, Member of the U.S. National Academy
of Sciences/American Academy of Arts and
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Sciences, and Incoming President of the
American Physical Society);

Gian F. Giudice (Head of Theoretical Physics at
the European Organization for Nuclear Research
(CERN) and Member of the Accademia Nazionale
dei Lincei);

Andrius BaltuSka (Professor at the Vienna
University of Technology (TU Wien) and
Corresponding Member of the Austrian Academy
of Sciences);

Alfred H. Mueller (Professor at Columbia
University and Member of the American Academy
of Arts and Sciences);

Anthony Zee (Professor at the University of
California, Santa Barbara, and Member of the
American Academy of Arts and Sciences);

Gerrit E.-W. Bauer (Professor at Tohoku
University/Chair Professor at the Kavli Institute
for Theoretical Sciences, University of Chinese
Academy of Sciences, and Fellow of the
American Physical Society);

Ankur R. Desai (Professor and Chair of
Atmospheric and Oceanic Sciences at the
University of Wisconsin-Madison and Fellow of
the American Geophysical Union).

Additionally, outstanding early-career scholars
teaching at Peking University, such as Gregory
Herczeg (KIAA Associate Professor and Deputy
Director), Kohei Inayoshi (KIAA Assistant
Professor), Emanuel Scheidegger (Associate
Professor at the Beijing International Center
for Mathematical Research), Daniele Macuglia
(Assistant Professor at the Department of
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History of Science, Technology, and Medicine),
and Mikinori Kuwata and Daniel Koll (Assistant
Professors at the Department of Atmospheric and
Oceanic Sciences), contributed to the program.
They guided students to explore cutting-edge
topics, encouraging independent thinking and
active questioning.

Between classes, students strolled around the
picturesque Weiming Lake, visited the PKU
History Museum and the Arthur M. Sackler
Museum of Art and Archaeology, immersing
themselves in the university's illustrious history
and the interplay of archaeology and art. On
weekends, they explored Beijing's cultural
landmarks, including the Confucius Temple
and Imperial College Museum, and the Guanfu
Museum, experiencing the timeless charm of the
ancient capital and traditional Chinese culture.
At the Beijing Electron-Positron Collider National
Laboratory, they witnessed China's scientific
prowess, reflecting on the nation’s journey from
catching up to leading in global innovation.
Through mutual learning, the students deepened
their understanding, forged friendships, and
grew together. Many expressed a desire to see
the real, friendly China with their own eyes and
to contribute to human progress through the
universal language of science.

At the closing ceremony, participants revisited
unforgettable moments from the three-week
program. Students shared their joy in overcoming
challenges, from mastering unfamiliar topics to
delivering confident presentations. Yuanning
Gao, Dean of the School of Physics and CAS
Academician, reflected on his own “growing
pains” as a student at PKU and later a research
fellow in Europe and the U.S.. Yulong Liu, Chair
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of the School Council, extended heartfelt gratitude
to the faculty from interdisciplinary institutions
like the Center for Quantitative Biology and the
Center on Frontiers of Computing Studies, as well
as supporting departments such as the Office of
International Relations, Cenvention Center, and
Library. The ceremony concluded with students
and faculty singing farewell songs, vowing to
scale new scientific heights together and embark
on future adventures - toward the stars and

beyond!

1. ARAER
Figure 1: Group photo at the opening ceremony

2: REIDERZITIE

Figure 2: Discussion between teachers and

students during class breaks
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PhysRevLett.133.021005

© First Scan Search for Dark Photon Dark Matter Using a Tunable Superconducting

Radio-Frequency Cavity

The SHANHE collaboration, led by Professor
Jing Shu from the Center for High Energy
Physics at Peking University, has conducted the
world's first scan search for dark photon dark
matter using a superconducting radio-frequency
cavity, achieving the most stringent parameter
constraints to date in the 1.3 GHz frequency
band. The dark photon, a hypothetical ultra-light
boson, is one of the leading candidates for dark
matter. Through kinetic mixing, it interacts with
ordinary photons, serving as a natural extension
of the Standard Model. This characteristic has
made the exploration of its parameter space a
focal point of international competition.

As dark matter, the dark photon can manifest
as a current source that excites electromagnetic
fields. Due to the non-relativistic nature of dark
matter, this current source is concentrated in a
narrow frequency band near its mass. When the
Compton wavelength of the dark photon matches
the size of the resonant cavity, the excited
electromagnetic field can be significantly amplified
through resonance. The superconducting radio-
frequency (SRF) cavity exhibits an exceptionally
high quality factor, approximately five orders
of magnitude greater than that of traditional
resonant cavities, which substantially reduces
noise and greatly enhances detection sensitivity.

Given the unknown mass range of dark matter,
the search requires both high sensitivity and rapid
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scanning capability. The research team utilized a
superconducting radio-frequency cavity operating
in a 2K liquid helium environment and, for the
first time, employed a mechanical tuner on the
superconducting cavity. They completed 1,150
scans in a short period, covering a range of 1.37
MHz around the initial frequency of approximately
1.299 GHz. The team also developed the first
data processing method suitable for ultra-high-
quality-factor systems, enabling strict exclusion
of dark photon dark matter within the scanned
range.

The experimental results are globally leading,
as shown in Figure 2, with the excluded
parameter space outperforming competitors
such as Fermilab's SQMS in the United States.
This research is expected to advance the field,
particularly in the development of novel frequency
tuners and cavity technologies, enabling the
exploration of broader parameter spaces. The
high quality factor of superconducting radio-
frequency cavities offers the potential for various
sensitivity-enhancement methods, including
squeezing techniques, non-destructive photon
counting, and entanglement and state-swapping
technologies. The SHANHE collaboration also
plans to conduct a series of cutting-edge studies,
such as searches for axion dark matter and high-
frequency gravitational waves.

The related findings, titled "First Scan Search

for Dark Photon Dark Matter with a Tunable
Superconducting Radio-Frequency Cavity," were
published online in the internationally authoritative
physics journal Physical Review Letters on July
12, 2024.
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Link to the paper:
https://journals.aps.org/prl/pdf/10.1103/
PhysRevlLett.133.021005
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On March 19, 2023, the School of
Physics, in collaboration with the

School of Mathematical Sciences

and the China Science Writers
Association, invited the main creative team of the TV series “The Three-Body Problem” to Peking
University for an exchange with faculty and students.
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From April 21 to 23, 2023, the
School of Physics achieved
outstanding results at Peking

University 2023 Spring Sports

20237 1 B 21 ARSR, MELEEAE ROBES" E. Festival and was thus awarded
for its exemplary campus £ 2P 45000 %
To celebrate New Year's Eve, the School of Physics organized the “Lunar New Year's Eve Fair” on sports work. 824 et

January 21, 2023.

2023F 38 1M A, MEFREE"®
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On May 14, 2023, the School

On March 11, 2023, the School of Physics of Physics invited Mr. Zhao

L] l“‘ n Sl ; ! Kaihua to deliver the opening

his father Yu Min, a pillar of China’'s “Two Ei#ﬂ’ *Hﬁi Eﬁih}i*&%é“oﬁi ‘ : speech for the Physics Cultural

invited Mr. Yu Xin to deliver a lecture on

Bombs and One Satellite” Program, from a Festival.

son'’s perspective.

98 | ik BI-ANNUAL REPORT e © 00 ©0o0oe BI-ANNUAL REPORT £i& | 99



. STUDENTS
FEED

2023 F 6 B 17 H, ZRE¥ENE_+—/F
"TRAZHEEBHREES" . F+tE"I
RARZHEERES" maesmal,

On June 17, 2023, the School of Physics held
the 21st Paul Shin-Piaw Choong Educational
Fund for Physics Award Ceremony and the
17th Peking University Zhongchen Yulan

Fund Award Ceremony.

2023 F2R, FRAR 200 REARLEELESHARMSIE, HEY 5 MNBBE BYELK
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During the summer vacations of 2023 and 2024, over 500 undergraduates from the School of Physics
participated in social research projects across the country, with five moral and political education bases
featuring hands-on courses established.

2023 F 8 B, MEBEZRENIERKZER
I8 ErE A FR,

The Peking University Summer School
International 2023 on Fundamental Physics
kicked off in August, 2023.
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On August 19, 2023, the School of Physics welcomed nearly 300 undergraduate freshmen.
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On September 29, 2023, the then chair of the
Peking University Council Hao Ping talked
with undergraduates entering Class of 2023 at
Linhuxuan along with Ning Qi, Vice Chair of the
Peking University Council and Vice President. Mr.
Hao was a tutor of Class 10, the Class of 2023.
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On October 21, 2023, the School of Physics
launched the 7th edition of its “Qingteng Program”
with a dedicated recruitment fair. Sixteen alumni-
founded companies came to present their openings

and scout talent directly within the school.
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On October 14, 2023, volunteers from the
School of Physics helped deliver a successful
110th Anniversary of the Establishment of the
Physics Discipline at Peking University.
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Between November and December 2023, the School of Physics, in collaboration with Huawei Beijing
Research Institute, held the “Dialogues with Huawei” lecture series.

2023 F 12 B9 H, ZREBIRKZE
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On December 9, 2023, the School of Physics
won the first prize of PKU's Singing Contest
(Group A) in commemoration of the December
9th Movement.
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On December 21, 2023, the School of Physics shone at PKU's annual Youth Volunteer Service Awards: its
students earned “Model Volunteer” honors, its Physics Popularization Volunteer Program won “Outstanding
Project” , and the School itself claimed the “Top Organizing Unit” title for 2022-2023
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Following a winter snowfall, the School of Physics mobilized volunteers for a “Heart for our School” snow
clearing effort in December 2023.
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The School of Physics 's “Shanghai Nuclear Quest” team, focused on investigating the city's nuclear

energy sector, secured the Bronze Award in the University's 2023-2024 Winter Social Practice Competition.
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On March 23, 2024, the School of Physics held
the 2022-2023 Academic Year School-Founded
Scholarship Award Ceremony.
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In March 2024, the PhD Class of 2021 of the Institute
of Condensed Matter and Materials Physics at the
Peking University School of Physics was awarded the
title of “Beijing Outstanding Class” for the 2022-2023
academic year.
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On April 21, 2024, the School of Physics held the | Y N e
n B '\lo

22nd Paul Shin-Piaw Choong Educational Fund for — _ i > Bg
Physics Graduate Forum. g W,
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On April 28, 2024, upwards of 200 teachers and students from the School of Physics participated in the
May Forth Long-Distance Running, which covers 5.4 km in commemoration of the May Forth Movement.
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On May 11, 2024, the joint debating team of the

T REBLRALERS

I ERASSES

I REASRRDE School of Physics and the School of Marxism

claimed the championship title at the 22nd PKU
Debate Competition.
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In May 2024, two top honors from 14 prizes at PKU's 32nd Challenge Cup Youth Science
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and Materials Physics, and the “May
Fourth Medal” for Dai Tianxiang, a
PhD student of the Class of 2019.
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On May 16, 2024, to commemorate the 60th anniversary of the successful explosion of China's first atomic 2024 6 B 22 B, WIS TSRS,
bomb and to fuel its students' commitment to national service, the School of Physics held the 23rd Physics
Cultural Festival under the theme “Hard-Core Youth: A Dazzling Debut” . On June 22, 2024, the School of Physics organized a graduation music festival in the School Plaza.
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On June 28, 2024, the School of Physics held the 2024 Graduation Ceremony in the Peking University
Centennial Memorial Hall.
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From August 23 to 31, 2024, undergraduate freshmen from the School of Physics underwent national
defense military training.
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On September 8, 2024, the School of Physics
organized undergraduate students entering

the Class of 2024 to visit the laboratories of its
departments, institutes, and centers.

20246 A -7 A, MEFRALIA 300 EAREFEMHSLE,

From June to July 2024, nearly 300 undergraduate students from the School of Physics carried out social
research projects.
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On October 15, 2024, the entrepreneurial project of
Zhu Xinyue, a Master's student of the Class of 2022
at the School of Physics, won the National Gold
Award at the China International College Students'
Innovation Competition 2024.
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On October 11, 2024, the School of Physics
invited Professor Ma Yanqing to deliver an
interpretation report on the 2024 Nobel Prize in
Physics.
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On November 10, 2024, the PKU Young Astronomers
Association (student club), guided by the School of
Physics, was awarded the title of “Students' Favorite
Academic & Technological Club for 2024” among

universities in Beijing.
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On November 26, 2024, the School of Physics
held the 76th “Elite” Graduate Academic
Salon.
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On October 20, 2024, the School of Physics held a welcome party for newly-arrived graduate students.
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On the afternoon of December 7, 2024, the Youth League Committee of the School of Physics held a

badminton match for teachers, students and alumni.
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On December 15, 2024, the School of Physics held a New Year Gala.
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In December 2024, Li Shunde, a PhD student of the Class of 2021,
School of Physics, was awarded the title of “PKU Outstanding
Students of Year 2024" .
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In December 2024, the School's Physics Popularization Volunteer Program claimed Bronze in China’s 7th
Youth Volunteer Service Comepetition and Silver in Beijing Municipal Awards, among other honors.
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On April 2, 2023, Peking University (PKU) School of Physics and its Alumni Association co-hosted the
alumni event "Physics Connects, Future Inspires" in Shanghai, supported by PKU Science Park( Shanghai).
Attendees included Gao Yuanning (Dean of PKU School of Physics and CAS Academician), Yang Hui
(Director of Shanghai Baoshan Science Commission), Yang Wenbin (Vice President of PKU Shanghai
Alumni Association), and nearly 70 alumni. Dean Gao highlighted the 110-year legacy of PKU physics,
emphasizing alumni support for institutional growth. The Shanghai "Alumni Home" was unveiled as a
networking hub. Three alumni representatives shared insights on cutting-edge tech projects, while Vice
Dean Cao Qinghong introduced the "Physics Excellence Talent Program." The event marked a new chapter
for alumni engagement in the Yangtze River Delta, pledging enhanced university-industry collaboration to
advance physics education and alumni development.
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From May 3-4, 2023, Peking University's School of Physics hosted an alumni homecoming event, marking
PKU's 125th anniversary and the physics discipline's 110th founding year. Alumni worldwide reunited at
the Yanyuan Campus, where reception stations at the Qiu Deba Gymnasium and Physics Building West
offered exclusive souvenirs and volunteer support. Activities included group photos, an astrophotography
exhibition, interactive science demos (e.g., resonance bowls and magnetic levitation), and guided tours
through exhibits honoring physicist Guo Yonghuai and six master statues. Children engaged enthusiastically
with hands-on experiments explaining physical principles. The event rekindled alumni memories while
fostering dialogue. The school pledged enhanced alumni services, uniting "PKU physicists" to advance the
discipline's legacy.
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On June 18, 2023, the 14th Council Meeting of the Peking University School of Physics Alumni Association
was held at the Siyuan Hall. Attendees included Dean Gao Yuanning, Alumni Office Deputy Director
Li Cunfeng, Vice Dean Yan Xueqing, and global alumni council members via hybrid participation. Key
agendas featured: Li affirming alumni contributions while emphasizing the mission of "guiding the era
with thought, serving the nation with scholarship"; Gao reporting disciplinary advancements including the
Physics Excellence Program, national R&D projects, and the Ye Qisun Teaching Award; and Mu Liangzhu
summarizing annual initiatives like Shanghai alumni events and fund management. The council ratified new
members and discussed the 110th-anniversary celebration framework. Alumni representatives proposed
strategies for institutional development and fund optimization, forging unity for the discipline's next phase.
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On July 8, 2023, over 30 alumni from Peking University's Physics Class of 1999 returned to campus for
their 20th reunion. The event featured nostalgic activities across four themes: wearing custom T-shirts
while sharing life stories; revisiting former dormitories (Buildings 28/31); strolling around Weiming Lake
and Boya Pagoda; and bonding through gaming/BBQ parties.The reunion reaffirmed the unbreakable
bonds forged during their PKU physics journey.
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On October 14, 2023, alumni from the classes of 1962-1983 gathered at Peking University to celebrate
the 110th anniversary of its physics discipline. The event featured heartfelt reunions, shared memories,
and collective visioning. Returning graduates relived campus days through vintage photos while
witnessing the discipline's progress via livestreamed ceremonies. Volunteers facilitated both on-site
activities and virtual participation for absent alumni. Centered on themes of "Reunion, Reminiscence,
Vision, and Aspiration," the gathering culminated in a decade-reunion pledge, echoing the timeless
bond among PKU physicists. As one alumnus noted: "Time may pass, but our bonds endure."
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On October 15, 2023, Peking University's School of Physics hosted an Applied Physics Industry
Symposium, commemorating the discipline's 110th anniversary. Over 20 alumni attended, alongside
leaders including Party Secretary Liu Yulong and Alumni Office Deputy Director Li Cunfeng. Vice Dean
Yan Xueqing highlighted the newly established Applied Physics Fund and the Guangdong Laser Plasma
Technology Institute—a collaborative platform leveraging PKU's academic resources and regional industry
strengths. Yang Yongcheng noted growing entrepreneurial opportunities in physics. Alumni from tech
enterprises and investment firms discussed industrializing research outcomes and ecosystem development.
The event strengthened alumni-industry ties, paving the way for sustained innovation in applied physics.

63*1”’ %4 [ iuﬁ&ﬂiﬂ\
§$1

00’3 000

l&i\? %ﬁ,‘i 'ki ‘H'Lﬁ .« fu:i EE

2024 1 A7 H, "FUER, BOIHE"IRAEREBEEVRICTEERNAMEFVIES
Tﬁéﬁoﬁﬁkih%éi%ﬂiﬁw B MEZRRKSRTEREAS, SR, il REDR
£ 300 RURKHR., BERENBMEFZHNE, HEBRBERAENASE"N—R"BIR, 8RT
RHF %ﬁ%ﬂHEFlU%O%ﬁWﬁ =HHESHEALRE, BEEERIARNRHEEUER, &
TERZBESTWANRR. ZHEKLESHELR " REFNE " SREKT " SRUEND MR "
RARERY, HEHEMEHFSFUNARGBELE, FRIEKNEBARCIGERREE,

On January 7, 2024, Peking University hosted its inaugural Applied Physics Industry Summit alongside
the Alumni Sci-Tech Entrepreneurs Forum in Beijing. Attended by over 300 alumni leaders including Ye
Jingyi (PKU Council Vice Chair), Gao Yuanning (Dean of School of Physics), and industry pioneers, the
event centered on academia-industry integration. Keynotes featured: Ye emphasizing alumni synergy
for the "Double First-Class Initiative"; Gao advocating foundational research and industrial innovation;
Shen Bo analyzing third-generation semiconductors; Lang Chunhui detailing capital's role in tech
commercialization; and Zhao Hongyun sharing superconducting industrialization breakthroughs. Three
panel discussions explored industry collaboration, university entrepreneurship policies, and financial
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strategies for research commercialization. The summit forged new pathways for scientific innovation
and industrial application among PKU physics alumni.
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On January 27, 2024, Peking University's School of Physics Alumni Association organized a winter
research program for alumni children. The event featured interactive physics demonstrations, lectures,
and campus tours to inspire scientific curiosity. Student volunteers showcased over ten experiments—
including pendulum waves, resonance bowls, and electrostatic levitation—exploring mechanics and optics
principles. Associate Professor Shao Lijing unveiled cosmic mysteries in a "Physics Worldview" lecture,
while Professor Zhang Yan detailed PKU admissions and the Physics Excellence Program. Participants
later explored biological specimen collections and cultural heritage sites across campus. The activity
strengthened alumni bonds while fostering interdisciplinary learning among youth.
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On March 23, 2024, Peking University's School of Physics hosted its annual scholarship ceremony,
recognizing outstanding students for the 2022-2023 academic year. Attendees included alumni
donors Ji Ligiang (Class of 1978), Wang Chenyang (Class of 1997), Ma Junchao (Class of 2013), and
university leadership. Vice Dean Mu Liangzhu highlighted the scholarships’ role in perpetuating alumni
legacy. Wang Chenyang encouraged students to "leverage strengths and broaden life horizons,"
while Ma Junchao explained how the "Legacy Scholarship" supports academic pursuits. Awardee
Tao Yanging shared research experiences. Dean Gao Yuanning commended alumni contributions,
urging scholars to embrace ambitious goals. Post-ceremony discussions deepened mentor-student
connections, reinforcing the physics community's enduring bonds.
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On May 3, 2024, Peking University's School of Physics welcomed alumni back to campus for its 126th
anniversary, coinciding with the discipline's 111th founding year. The event featured three segments:
alumni checked in at the physics plaza for commemorative gifts and exhibitions; volunteers demonstrated
interactive physics experiments for children, sparking scientific curiosity; and labs like the Applied
Superconductivity Center opened for guided tours on cutting-edge technology. The gathering reinforced
alumni bonds while honoring the spirit of scientific inquiry.
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"Physics Connects, Future Inspires": PKU Physics Alumni Forum Concludes in Guangzhou. On
May 26, 2024, Peking University's School of Physics hosted its Guangzhou alumni forum, co-
organized by the Guangdong Laser Plasma Technology Institute (GLPTI). Attendees included CAS
Academician Gao Yuanning, Guangzhou Science Association Vice Chair Zeng Xueling, and over
100 alumni. Dean Gao highlighted PKU physics' century-long legacy while presenting cutting-edge
research on primordial antimatter. Zeng outlined Guangzhou's tech commercialization policies. Vice
Dean Yan Xueqing showcased GLPTI's industrial applications in laser-plasma technology. Professor
Cao Qinghong detailed the "Physics Excellence Talent Program". Alumni entrepreneurs shared
breakthroughs in contactless fiber optics and topological quantum materials. The event featured a tour
of GLPTI's innovation hub, strengthening alumni-industry collaboration for scientific advancement.
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On May 26, 2024, Peking University's Department
of Physics hosted a 50th-anniversary reunion for

its 1974 nuclear physics graduates. Twenty-seven

alumni reunited with five mentors—including professors Zheng Chunkai and Wang Houji—alongside
18 family members. The gathering at "653" evoked memories of foundational academic years, with
alumni honoring teachers who shaped their professional excellence. Professor Dai Degao defined
their bond as "mentorship forged in friendship." The event concluded with pledges for future reunions
and gratitude to the university. Five decades crystallized an unbreakable teacher-student legacy,

embodying PKU physicists' enduring spirit.
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On September 21, 2024, Peking University's Physics Class of 1964 celebrated their 60th enroliment
anniversary at the School of Physics. Alumni from four classes reunited in the Siyuan Hall, joined by Party
Secretary Liu Yulong and retired professor Zhong Xihua. Secretary Liu acknowledged alumni contributions
to national progress while updating disciplinary developments. Professor Zhong, 86, recalled their resilient
student years amid hardships, praising graduates' professional achievements. The event featured class
memorial videos and bespoke 60th-anniversary badges. A group photo before the Physics Building
captured six decades of camaraderie, with alumnus Shi Shouxu hosting the gathering that epitomized PKU
physicists’ enduring legacy.
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On September 22, 2024, alumni from Peking University's Physics Class of 1980 returned to campus
for their 40th reunion at Siyuan Hall. Graduates reunited over custom department shirts and mooncakes,
sharing life journeys amid laughter and warmth. CAS Academician Gao Yuanning, Dean of the School
of Physics, joined a commemorative group photo before the Physics Building, freezing four decades of
camaraderie in frame. Titled "Entanglement Through Time, Unchanging Bonds at Weiming Lake," the
event embodied enduring connections among PKU physicists—a homecoming for both memories and
the spirit.
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On September 27, 2024, Peking University's School of Physics hosted its sixth "Physics+" alumni salon,
featuring Dr. Tang Yi (Managing Director at Wells Fargo), a 1980 alumnus. Titled "Finance Meets Physics:
Order in Disorder," the lecture decoded quantitative finance through an interdisciplinary lens. Dr. Tang
unveiled capital markets' liquidity dynamics and demonstrated mathematical applications—stochastic
processes, Monte Carlo simulations—in derivatives modeling. Using options and credit default swaps as
cases, he illustrated structured products' role in balancing risk-return profiles. He further emphasized trust,
vision, and execution as career success pillars, advising students to "navigate the world from a physics
foundation." The session highlighted physics methodologies' transformative power in finance.
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On November 22, 2024, Peking University's School of Physics hosted its seventh "Physics+" alumni
salon, featuring Dr. Xie Chen (CEO of Lightwheel Al), a 2005 alumnus. Centered on "Unlocking
Physics’ Role in Embodied Intelligence," Xie unveiled the "Real2Sim2Real" framework—integrating
generative Al with physical simulation to create synthetic data for real-world Al applications. He
highlighted embodied intelligence's transformative potential in robotics, healthcare, and manufacturing,
noting physics-based methodologies offer unique solutions to Al's complex challenges. Drawing from
his experience at NVIDIA and entrepreneurship, Xie encouraged students to seize interdisciplinary
opportunities, predicting critical breakthroughs within five years. The event underscored physics’
pivotal role in shaping Al's future.
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TimeofEstablishment Project Title Donators
N IR S
1987 YthQ}le:\gEi@ er%nental Physics I ERINEENRARFE
. i Mr. Ye Qisun'friends and students
Fund
S X IREEMMENFZEET R
HUEES AR RN FEE DR
1996 o Mr.Yibing Xie and his students(Mr.
Xie Yibing Fund C
Mao Jietai et al.)
S5 1977 YEMRES JEXWIE 1977 TR
1977 Physics Class Fund The 1977 physics alumni
HERFELEES HBREESRABRTZ LT
2002 Paul Shin-Piaw Choong Mr. Philip Tsi Shien Choong and
Educational Fund for Physics Ms. Hsia Shaw-lwan Choong
12 1980 k. =M
1980 MEZ L FHZES oSl AU Sk e
. BRAMBBR
2005 1980 Ellen Lan Yi Woman . .\
Physicist Scholarshi The 1980 alumni, Ms. Lan Yi's
y P family, and friends
2005 1986 MBI RES LRI 1986 FXK
1986 Physics Class Fund The 1986 physics alumni
2006 1988 MIBIMREE JER¥IE 1988 IR K
1988 Physics Class Fund The 1988 physics alumni
BREEMEYEES B TS XARRE LT
2008 Chen Huxiong Educational Mr. Chen Jingxiong and Ms.
Fund for Physics Chang Jufang
HTRE, FEE. HEKKRA,
oo o R4 A
2008 WTRFE Mr. Hu Ning's family, Ms. Qin

Hu Ning Scholarship

Danhua, Zhaobing Su couple and
Mr. Zhao Guangda et al.
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EXRIERE. HEFR
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2010 Zhao Kaihua Educational Fund PKU alumni, teachers, students,
for Physics and concerned departments
JERYEE 1980 KRR AR EES
2011 RRERKZFS KAWL L
Truth-seeking Scholarship The 1980 alumni Mr. Tang Yi and
his wife Ms. Yang Hong
KXHHERES JERYIR 1949 TR KR E
201 Zhang Wenxin Educational The 1949 alumni Mr. Zhang
Fund Wenxin
LRI 1978 TR KM BIRAE.
2011 BERFS BiEat
Hai Ou Scholarship The 1978 alumni Mr. Zhang
Xingyun and Ms. Fan Pei
2011 1991 MEPRRES JEXYIE 1991 FiKK
1991 Physics Class Fund The 1991 physics alumni
JER¥EE 2000 FRERZE), BEE
P 3’:‘/\5
MBS RRES LS
2011 The 2000 alumni Mr. Li Chuan,
Students Development Fund e ) .
Xia Yingzi, the Tianmei company
and et al.
MEBYELEES LRI 1988 KR ELSHTRE
201 Shen Keqi Educational Fund The 1980 alumni Mr. Wang
for Physics Duoxiang
ERHEBRRIRE S P ERZ IR R KA
2012 Institute of Modern Physics The Institute of Modern Physics,
Fund Chinese Academy of Sciences
JERYIE 1985 K (L&, &
2012 1985 RREXF % B2E)

1985 Physics Class Fund

The 1985 physics alumni (Ms.
Fang Jing, Mr. Lei Yi'an et al.)
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2013 A PKU Physics alumni and
School Emergency Aid Fund .
community
MIRFTREIR ST EERHARRE S ERMEBERKR. HEER
2013 Physics Building Lecture Hall PKU physics alumni and
Chair Donation Fund community
1979 B RIBIERME S
TS L RIIE 1979 Bk
2013 1979 Physics Class Fund for The 1979 phvsics alumni
Garden Donation —
EIFENMSNEES N
DEFRIASNERE e 1977 R EER
2013 Physics Building Video Meeting . i .
The 1977 alumni Mr. Tingkang Xia
Room Fund
VEBFEENEERERES LRI 1978 T KB
2013 Physics Building Front-garden The 1978 physics alumni Mr. Ming
Fund Hu
WM 7802 aNERESE N
IR 7802 SXEEE LRI 1978 BTK
2013 Physics Building 7802 Meeting . .
The 1978 physics alumni
Room Fund
XM 2012 RARESTE. R
2013 EREUKAEE . ERK
PKU Partnership Fund The 2012 physics graduates Li Ji,
Zong Hua and Fu Jianbo
R 18 1978 iR Z
1978 REMBREEHES AT R 1978 TR (52
2013 1978 Nuclear Physics Class NERLES)
Fund y The 1978 Atomic Nuclear Physics
alumni (Mr.Ji Ligiang et al.)
MOARERES JEREMER 1979 BRK
2013 Xingcheng Fund for The 1979 Technical Physics
Undergraduate Research alumni
2014 1980 REEBES JE XY 1980 HiIR A&

1980 Physics Class Fund

The 1980 physics alumni
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2014 ;222';2?;'3;‘%5:: Library PKU physics alumni and community
%*ZJEE%JEE'EQJ 212 2WE RN SkER R, Hasm
2015 RES PKU physics alumni and
Physics Building 212 Middle community
Room Chair Donation Fund
LRI 1997 FRKRERHFTE
RRFERERES S5XANEHRL L
2015 Jinhui Students Development The 1997 alumni Mr. Wang
Fund Chenyang and his wife Ms. Cheng
Ya
2017 MEFRAREES ERMERK., HEER
School Development Fund PKU physics alumni and community
JE X3 2005 RiX K
RERK | LBHRREEEER
2018 SHRPHZEHZFS NG
Ruitian Rising Star Scholarship The 1997 alumni Mr. Xu Xiaobo,
Shanghai Ruitian Investment
Management Co., Ltd.
2019 MEXRFE JERYEE 2004 TR KRB Lk
Yan Fu Scholarship The 2004 alumni Mr. Gao kang
JEXYER 1997 FRKRERIEE
IR9 - ERYBEEES S5XANERL L
2020 Wang Chenyang-Cheng Ya The 1997 alumni Mr. Wang
Educational Fund for Physics Chenyang and his wife Ms. Cheng
Ya
S e #i%ﬂzm7ﬁ&$%ﬂ%&ﬁ
2020 Wanyang Teaching REATE
, The 2007 alumni Mr. Xu
Scholarship .
Zhenxiang
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Heritage Scholarship The 2013 physics alumni(Mr. Hou
Yao, etc.)
KSR E: KIBEEMSMBEL L,
KESMBRARE S KEFEKR
2022 Zhang Cen Excellent Research Zhang Cen's parents: Mr. Zhang
Scholarship Ming and Ms. Cen Xianging,
friends and relatives of Zhang Cen
H{FNmE
roES RO
2022 Ye Qisun's Teacher's Mr. Sona Shaohui
Recommendation Award ' 8
DI 1979 RNFLWMAAR
£ N
Q N
2023 Award for Outstanding _:Irl;]je(ﬁ@;s; 9h7$)sii$2ljfmni
Laboratory Technicians of the Phy
Physics Class of 1979
MEZREREILRES BREINZRERE AT
2024 Loveing Peking University Retired teacher Li Jiazhang and

Fund for the School of Physics

his wife Dong Wenzhu
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In 2024, the school held the 27th and 28th
sessions of The Centennial Physics Lectures.
March 13th, the 27th lecture "Extreme Light:
Bridging Optics and Fundamental High Energy
FAHE
Physics, first steps Towards Zeptosecond and Zettawatt Science” was given by the 2018 Nobel
Lectures Laureate in Physics Professor Gérard Albert Mourou.
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In 2024, the school held the 27th and 28th sessions of The
Centennial Physics Lectures. March 13th, the 27th lecture “Extreme

Light: Bridging Optics and Fundamental High Energy Physics, first
steps Towards Zeptosecond and Zettawatt Science” were given

O ItRAZMIEZIRFEAiLIE The Distinguished Colloquium

by the 2018 Nobel Laureate in Physics Professor Gérard Albert
Mourou. 2023~2024 &£, ItRAFEVEZRFANCIZENE 18~51#, UREBRERE. IRAEZMEFR
Y 10 BEFARESFTARE, BBEERIISRMARINAEEREHL N EFZE NP EF RIE
KOENEMINERR . XBRARBNAROBEHZNEHR, SEEEESREZAIN, BHEFRR
XAEMRITEFETRRR, BRAEGRZEEHN. 25K0%. Q. HHMEBRENNESEAT .

During the 2023-2024 period, the School of Physics convened the 18th to 51st installments of its
Distinguished Colloquium series, complemented by special sessions marking World Meteorological

Day and the 110th Anniversary of Physics at Peking University. These events featured addresses
by leading scholars from domestic and international institutions, covering cutting-edge research, key
technological breakthroughs, and salient topics across physics, astronomy, and atmospheric and
oceanic sciences. With an emphasis on high-level academic exchange, interdisciplinary synergy, and
the exploration of novel research directions, the Colloquium is dedicated to cultivating among young

scholars a spirit of scientific inquiry, a global outlook, and the faculties of critical and creative thought.
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%19 3t 2023F 58 12 H Jasbe:d Particle view in crystals
%20 i 2023 55 20 H SRR BEENEGRESBRERA
= 01 it 20234 5 A 26 B Joern Manz Big quantum effects in small
molecules
%22t 20234 5 A 26 A Yoshihiro lwasa Voltage Control of Quantum
Phase of Matter
25 23 20236 B 2 H Marek Karliner NEW HEAVY EXOTICS
E 24 1 2023 78 24 H Sir Michael Berry Geometric phases old and new
25 25 2023F 7 B 25 H Sir Michael Berry Making light of mathematics
% 26 1t 20239 8 20 H Ulrich Heinz The Little Bang Standard Model
£ 27 20239 A 19 H 5k Metasurfaces for controlling light
G.Brian 35 Years of In Situ X-ray
% 28 1t 202310 B 12 H ' Scattering Studies of Crystal
Stephenson

Surfaces During Growth
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% 30 it 20234 11 B 17 B Peter Ring Density Fun.ctlonal Theory in
Nuclear Physics
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% 32 20244817 H Junji Kido B ZRENRITERE
The Nucl
% 33 i 202448198 UG, Meifner e Nucleus as a Quantum
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X B2
% 351 2024 =58 15 H Nicolas Regnault Moiré fractional phases of matter
Marek itational i Il
% 36 it 2024 5 A 16 B are . On graw.tatl(.)na wave interstellar
Abramowicz communication
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Extraordinary matter: Quantum
% 38 it 2024 £ 5 5 31 B T anomalous vortex, Majorana zero
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charge-6e superconductivity
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iR £ | Nanoscale thermal imaging:
Glimpse into dissipation in quantum
systems down to atomic scale

iR & Il Thermodynamic quantum
oscillations and bandreconstruction
in strongly correlated moiré
systems
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5 39 3t 2024 4 6 A 28 Chenn.upati Semiconductor. Nanos.truc.:tures
Jagadish for Optoelectronics Applications
EF qPI IREE RET R
5 40 3t 2024 7 519 B Franz J. Giessibl 75 9Plus e HEMR B
Collective excitations of
. Giacomo superconducting cuprates and
B AL DR GIE Ghiringhelli nickelates studied by resonant
inelastic x-ray scattering
5 40 3t 2024 2 9 H 23 A K2 Interferometry in the Quantum
Age
Artificial Intelligence in Materials
Sci 2 t, U tai
=433 20244 10 A 17 B Matthias Scheffler o c/cc: 'mpPact, Lncertain
Expectations, and Open
Challenges
Quantum Electrodynamics
o . . Density functional theory
44 2024 =10 A 21 Angel Rub
a4 107 a AQELIRERIO (QEDFT): quantum materials
engineering with light
. Joachim Attosecond Chronoscopy: From
45 % 2024 105 25 H Burgdorfer Atoms to Condensed Matter
% 46 i 2024 £ 11 B 15 H EiE THXSEDRN - WEREEER
Precision tests of the Standard
Model at | i i
47 3 2024 F 11 B 22 B Klaus Blaum odel al fow energies using
stored exotic ions in Penning
traps
The electron-phonon problem
= 48 3 2024 £ 11 A 22 Sf[even Allan reV|S|te.d: New insights into the
Kivelson properties of normal metals and

conventional superconductors
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innovation capabilities, and critical thinking skills.
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From 2023 to 2024, the School of Physics has held Lectures 18-51 of its Distinguished Colloquium,
as well as special lectures for World Meteorological Day and the 110th Anniversary of the School of
Physics. Renowned scholars from China and abroad were invited to deliver public lectures on cutting-
edge research, key technological breakthroughs, and hot topics in physics and related fields. Focusing
on high-quality academic exchange, interdisciplinary integration, and the exploration of emerging
research directions, the colloquium aims to cultivate young talent with a scientific spirit, a global vision,
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Built on the platform of the “The Beauty of
Physics” lecture series, these short videos
showcase the journeys of next-generation
physicists from the School of Physics as
they pursue theoretical breakthroughs and
overcome technical challenges.
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0 "BY5sFEB"ETREARRSE Postdoctoral Academic Exchange Conference

"EMFE BLEEARRSZEALRAENPENZRMERRFEKSED, U "BERRK,
BIRK" AER, SHEABLEFNMESIRFELRE, RHEBN, BRRIENZRZRFEMMRER
Fa, BENEIEAREHRNE. BFACHEN. RUGHEZR, BNERNARMEFZEMEMNT, @
i, KRSOHRARBUNFRAR. SEATEFENSENHENFER. 2023F 2/ 14 H, 8ER
MEPLINZTD, HFalEis £ B S TAER PR b TR IR .

Postdoctoral Academic Exchange Conference is jointly organized by Peking University and Institute of
Physics, Chinese Academy of Sciences, with the theme of “Collecting the wisdom of all and creating
the future together” , aiming to provide a platform for postdoctoral to exchange ideas and display their
achievements, and to help postdoctoral broaden research horizons, enhance innovation ability. On
February 14, 2023, the first session of the conference was successfully held, Wang Enge and Ouyang

Qi were invited to give a special lecture.

@ 2R
Academic Visit

2023F 6 A 27 H, ZEMEFS (APS) #17E% Jessica Thomas. (MIEITFLHREK) (PRL) =
% Robert Garisto, (#E¥ie X)) (PRX) BIFRARIEANRNEZNEZEEVEFRREERNEXRSIERKEY
BERSET. HREE. BFEX. BOEM 0 REMEREART L LIRS,

On June 27, 2023, the PKU-APS Joint Event was successfully held. The delegation of editors from the
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American Physical Society (APS), led by Executive Editor Jessica Thomas, Editor-in-Chief of Physical
Review Letters (PRL) Robert Garisto, and Associate Editor of Physical Review X (PRX) E-Ming Xu,
conducted an online exchange meeting with Gao Yuanning, Xu Limei, Yan Xueqing, Xie Xincheng, and

over 50 faculty members and students."

202445818, BMNZFHRRFLESS
FE. UBIESARKEZRRNERRAEEK.
ERA & RIS VIR Z RIRAZR R LR 4 T HIRR D)
ERKZF., 5RT. HikF. TREBRD<L. =
NERG, REESTRIAMIBSER, KX T HA KL
T R, BESEN" NERNEH,

On April 1, 2024, Professor Eliezer Rabinovici,
President of the CERN Council and former

Director of the Racah Institute of Physics at the
Hebrew University of Jerusalem, visited Peking
University. He met with Gao Yuanning, Yang Zhenwei, and Li Qiang at Linhuxuan. Following the
meeting, Professor Rabinovici visited the School of Physics and delivered an academic lecture
entitled “Particle Physics: Results, Challenges and Magic” .

2023F 11 A 21 H, &ZErEF 90 (Russian
Quantum Center, RQC) Bt & €l #& A Ruslan
lunusov —fTIF At R KE, MEZRIRKEZR
R, ®FE, MEZRBBLEREUE. F5K.
XEE, DICH. KRB RiE, URBFERHY
IR EBRARR. BINTEEIRHT R TES T RE
ZAN, WAHMEFERSEAGMEEHT T RN E

s
W

On November 21, 2023, Ruslan lunusov, co-
founder of the Russian Quantum Center (RQC),
and his delegation visited Peking University. They held in-depth discussions with representatives
from Peking University at the East Hall of Linhu Xuan regarding quantum information and technology.
The delegation from the School of Physics included Vice Deans Peng Liangyou and Xu Limei, along
with faculty members Wang Jianwei, Xu Xiulai, Liu Xiongjun, Ma Renmin, Zhao Hongzheng, and Song
Bo. The delegation from the School of Electronics included Chen Xuzong and Zhou Xiaoji.
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2023 F 12 B 19 B, &ZHEBEIRDEY]
IRABR—TENTIERAE, HEWIERKEY
BERATMEMMNIPEERERILRE,
ZEENRBTIRERICAYEZRNELRER,
T/RRBERERR, HERPHEEEMBFTE
MMREXE, HREREZEF

On December 19, 2023, Dmitry Chernyshenko,
Deputy Prime Minister of the Russian
Federation, and his delegation visited Peking

University and the State Key Laboratory of

Artificial Microstructure and Mesoscopic Physics in the School of Physics. During the visit, Gong
Qihuang introduced the development of the laboratory and physics at the university. Chernyshenko
hoped that Russia and China would strengthen ties and foster more cooperation in the field of basic
science. Senior representatives from the School of Physics accompanied the delegation.

2024 £ 10 B 14 H, B2 HERZVEBEWRAZEHR TEYIE Sk Nikolai Kargin 8fei—1Th
DIt RAEYWEZE, TR, BRFE. T, DESEEIXE, WAMESENE FRZEMEETE

NEEBRZZR o

On October 14, 2024, Nikolai Kargin, Vice Dean of the National Research Nuclear University "MEPhHI"
(Moscow Engineering Physics Institute), and his delegation visited the School of Physics at Peking
University. They held in-depth discussions with representatives from the School of Physics, including
Wang Xingiang, Xu Limei, Wang Ping, and Bian Ke, on topics such as semiconductors and quantum
science.
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2024 F 10 B 22 AT™F, RALSFNARZEAZR (HIAST) Bk Omran Kouba % —171
BIRAEMEL R, #RFE. AR, 8. T—5. BERBFLIRREARE, WNoHtERHEE
EiiE. NrYE. IRYESTENRHARRRAM.

On October 22, 2024, Prof. Omran Kouba, Dean of the Higher Institute of Applied Science and
Technology (HIAST) in Syria, and his delegation visited the School of Physics of Peking University and
had an in-depth exchange with representatives of School of Physics, Xu Limei, Ma Bogiang, Li Qiang,
Wang Yinan, and Zhao Jiarui, on jointly promoting the development of scientific research in the fields
of fundamental physics, particle physics, and engineering physics.

202410 B 24 H, REBREFEES
&, MMEBXZIREK. EEZBEXLKES
BIERT/RIB-KE T (Juergen Mlynek) —17ih
DI RAEVEZR, MBEZREIREKRFE.
SELED, IEFFEFRE—1T, WAREERE
HMEFERREF TRAIM,

Welcome Prof. Omran Kouba from the Higher Institute for Applied Sciences and Technology (HIAST)
to visit the School of Physics at Peking University

On October 24, 2024, Juergen Mlynek,
the President of Falling Walls Foundation,

Former Rector of Humboldt University, and his

delegation visited the School of Physics of Peking University. Xu Limei, Wu Chengyin, Zhao Zhengpu
met with the guests, on jointly promoting the development of scientific research of Physics.
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L — 2024 £ 11 B 1 B, BIERKFMEFE.
. MERZ5TR2ERE. T2RNEEVESSH
B E 8 "PKU-APS EXER M K" BINZES,
APS #17E 45 Jessica Thomas. (#IiEiLk
18) B4 Hugues Chaté A (¥IIFICH KL )

(Physical Review Materials, PRM) & * %
Athanasios Chantis, R, A¥E. #iaS
JERKE 30 REIMERFIZL SN,

Welcome the President of Falling Walls Foundation Prof. Juergen Miynek
y

On November 1, 2024, the PKU-APS Joint
Event was successfully held, co-sponsored by

the School of Physics, the School of Materials Science and Engineering, the School of Engineering of
Peking University, and the American Physical Society (APS). Jessica Thomas, who is Executive Editor
of APS, Hugues Chaté, who is Associate Editor of Physical Review Letters (PRL), and Athanasios
Chantis, who is Associate Editor of Physical Review Materials (PRM), had a joint exchange with Xu
Limei, Zhou Huanping, Man Yi, and more than 30 students and faculty representatives from Peking
University.

2024 F 11 B 20 H, X ESRF = (AMS ) BEKZRFYHLEF (Anjuli S. Bamzai) —17EITILRAE.
wAE, REE, KEHR. APFRARE, NHREERERSBERZLREFRARR.

On November 20, 2024, Anjuli S. Bamzai, President of the American Meteorological Society (AMS),
and her delegation visited Peking University, where Xu Limei, Meng Zhiyong, Lin Jintai, and Yu
Yan met with the guests, and the two sides carried out in-depth exchanges to jointly promote the
development of atmospheric science.
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2024 F 12 5 24 H, EFREIKRFEHR
XInE a3 A Alexander Petrov —47i 18/t =K
FMBFIR, RFAE. BXE. ASEE. XE2.
WERIE. BOEFSNRE, WAHME—HME
HMRENEFZTFENEESRKR, BFHEDFEAR
BIFARIZHE TR T RARM.,

On December 24, 2024, Alexander Petrov,
project leader of the new campus of Moscow
State University, and his delegation visited

the School of Physics of Peking University. Xu

Limei, Cao Qinghong, Meng Zhiyong, Liu Yunquan, Yang Xiaofei, and Fan Shaofeng met with the
guests, and carried out in-depth exchanges on further strengthening the cooperation and exchanges
between the two universities in the field of physics, and joining hands in promoting academic
innovations and scientific progress.

POSEOW State University
gs at Peking University
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@ BRI
International Conference

2023F 7 A19BE 22 H, HERBARFESXHFNPEESENE "2EEFREFRNNEX
MEREYREE " FCRBFATTSELURERBRNZED, SWHIERXE., FERZERSEMEFR
PRI EBRRAEND, HERIDEXRFED, RKEPERE 30 RATSKRERANGIIIEEEREE
22, ARXHIEERXZRLERTFE, MEIMERFZEIRKENRBIREVDEE, & ERZ IR
Bniﬂl EERBEKXZ UIf-G. Meiner ¥ (BUNRIZERRL) #aAERPENLGNBIEHRE. SIXE

iR TN, #l QCD\ Y REMERNRIEBARANRY, ELH 24 HEARRE ,51%1353%%?1

BERBES. FAOMRYERDIET, FEDR L, BRI EB TIE 12 ERNEERE,
ﬂﬁiﬁ%TkﬁtiE)\j%ﬁf ZNTNFEREEERE., ARSWEE T S BIUSNEREE, 79%%4
REBENFEI,

From July 19 to 22, 2023, the 7th Sino-German workshop on "QCD Symmetry and Matter Structure",
supported by the National Natural Science Foundation of China, was successfully held in Rizhao,
Shandong. Co-organized by Peking University, the Institute of High Energy Physics, and the Institute
of Theoretical Physics (Chinese Academy of Sciences), with Qufu Normal University as the host
institution, the event gathered nearly 100 experts from over 30 Chinese and German institutions.The
opening ceremony, chaired by Academician Kuang-Ta Chao (Peking University), featured welcome
remarks by Professor Fangang Hu (Qufu Normal University). Progress reports were delivered
by Academician Bingsong Zou (China) and Professor UIf-G. Meillner (Germany, member of the
European Academy

of Sciences). The o5 LI ol AR I {5 e 1 G g ) Rk B TE B S 9 A A R R B I 2

The 7th Symposium on “Symmetries and the emergence of Struct

workshop covered
cutting-edge topics
including hadron
physics, lattice
QCD, and nuclear
structure through
24 presentations,
highlighting research
on hadron spectra,
heavy quarkonium
states, and parton
distribution functions.
In his closing speech,
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Academician Zou summarized 12 years of Sino-German collaboration, noting its success in nurturing
young talents and achieving breakthroughs. The workshop strengthened international cooperation and
advanced high-energy physics research.

2023 88 10 HZE 12 H, HItRAESHMEHARPOEINN " EFEHNF 50 &F "CiEEIL
ERINZED, KRRIECRTERMRRZE, B 455 ARRE. 2H5EZ1TEHM 11 MASRE, 2
E[EH T QCD #Eig 50 X REHIE, #Tﬁkﬁﬁf KFYE, ZMEBEREXRINOENEDEHE, BInfF
BEEZREZFOREUT. ;@HHEI%%IJI EFNFEMRRAZFEMMNEEREESIRG, ADHEE
QCD £, S=RFEFREFIE. \¥$%i%ff?/m%mio P ERFRXAFRL. iﬁ%ﬁﬁmi%l
WA B F & @ " 7 SE BB " 3RS, Eﬂl#LTEP.F¥¢i§:ﬁH'ﬁ$EK k. WA ER B EEITE,
RARN TREEERARRNXBORELRAN, MORIEESE FETEERANEN, BEFZAES
HEWEEXTRAR, EHAMIEARET QCD K EKE, ENENKESHENERRRERTEERR
Fa.

The "QCD 50th Anniversary Forum", hosted by the Center for High Energy Physics , Peking
University, was successfully held from August 10 to 12, 2023 in Beijing. This landmark event brought
together world-renowned experts to commemorate five decades of Quantum Chromodynamics
(QCD) development through 4 public lectures, 2 panel discussions and 11 plenary presentations.
Distinguished speakers including Professor Xiangdong Ji (University of Maryland) and Prof. Xin-Nian
Wang (Lawrence Berkeley National Laboratory) delivered keynote addresses on fundamental QCD
theories, quark-gluon plasma, and parton distribution functions. Chinese academicians Kuang-Ta Chao
and Tao Huang shared valuable historical insights into China's contributions to strong interaction
research. The forum featured vibrant panel discussions moderated by Professor YuanNing Gao (Peking
University), engaging nearly 100 on-site participants and over 10,000 online viewers via the Koushare
platform. By reviewing QCD's revolutionary journey since asymptotic freedom's discovery in 1973, the
forum not only celebrated past achievements but also charted future directions for high-energy physics
research. Its hybrid format effectively bridged international scholarship and public engagement,
marking a significant milestone in advancing QCD-related studies.

g F &' W X H 5 0 F
Fifty Years of Quantum Chromodynamics 1973 - 2023
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FENE "SHEEENESENFZRILIE" F 2023 £ 8 A 24-27 BEICFERZERINES ., WIEAT
EMEFRSHERENETIEZRZSPENEZSNFMESRPIKEEN, IERAXZE. FERZER
MBH RN P ERZRSENDERRFLR R, K57 2E 38 RSREMANMBL 400 REHLEXS
2. SWEREFCRSRFINE, ERFVCEA, IREARRE, WisWREE. XREXAMESFENG
G, RE 133 HOKIRE (2 18 HERRIRE) M 79 MERkRER, THEL 12 ILFBIRE., H5liRiL
B " FARDE " M ESREOUINE ., BUCREMECSE FIEEFR = AN BRREWY, FE7 ()R
HEATHYERSES) (MRE) iHIERAER, SWPEBRARSN T DRI IEFZERIERMG
SLRREMICEEINEEF PO, ABLIEASHEBENEIHAPEERE . FREFREMTREN

EARMEAEFER,

The 9th Young Scientists Forum on High Energy Density Physics (HEDP) was successfully convened
in Huairou, Beijing from August 24 to 27, 2023. Co-hosted by the High Energy Density Physics
Committee and Particle Accelerator Division of the Chinese Physical Society, and organized by Peking
University, the Institute of Physics, and the Institute of High Energy Physics of the Chinese Academy
of Sciences, the forum attracted over 400 delegates from 38 universities and research institutions
nationwide. Focusing on cutting-edge fields including laser-driven particle acceleration, ultra-intense
laser technology, inertial confinement fusion, extreme matter properties, and laboratory astrophysics,
the event featured 133 oral presentations (including 18 invited talks) and 79 poster exhibitions, with
12 outstanding poster awards presented. Special highlights included thematic academic salons on
laser acceleration, laser fusion, and laser-plasma interactions, as well as an editorial meeting of the
Matter and Radiation at Extremes (MRE) journal. Attendees also visited the Comprehensive Extreme
Conditions Experimental Facility of the Institute of Physics, CAS, and the Beijing Laser Acceleration
Innovation Center. This forum provided an excellent platform for academic exchanges and cooperation
among young scientists, graduate students, and faculty members in the field of high energy density

physics.

2023F 12 B1HE 4 H, 8EFRFEEGFAHISEILRRINED. SWHILRKESEEH
RPOMPEITEREMESBFRZZRKS TN, ARIDERZSINSENEHRPOND. KBS
ESREMARAN 70 RMUEREES S, BRBREGHANSINHREARAZR. FRIAILR
IEREBHEER, IERARFZHRBLIRM PR ITCRERRABIREEF. SWHZH 24 HERRE,
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MEMBREGRA, WX VLB, SREREHAREINENE, REABETERNZR LEXX
ARNFKR. B, TIBSNEEE, URTERRENCFAR., KXIITSEETERLSMUHRX
B, ARERFEGHRNABRETEETE, AR L, BEMEXEZEERTHESHS F—EBRIN
BT 2024 FEEDES D,

The inaugural "Black Hole Imaging Workshop 2023" was held in Beijing from December 1 to 4, co-
organized by the Center for High Energy Physics, Peking University and the School of Physics and
Electronics at Hunan Normal University, with support from the Center for Gravitation and Relativity
at Beijing Normal University. Over 70 experts from universities and research institutes across China
participated, discussing cutting-edge advancements in black hole imaging. The opening ceremony,
chaired by Dr. Minyong Guo (Beijing Normal University), featured addresses by Professor Bin Chen
(Peking University) and Professor Songbai Chen (Hunan Normal University). The workshop included
24 presentations covering topics such as novel imaging techniques, submillimeter VLBI observations,
and multi-frequency studies, with keynote speeches by researchers like Rusen Lu, Shanshan
Zhao, and Jiang Wu from Shanghai Astronomical Observatory. The event fostered interdisciplinary
collaboration between theory and observation, strengthening China’s research network in this field.

Professor Qiyuan Pan (Hunan Normal University) announced the next workshop will take place in
Changsha in 2024.
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2024 £4 B 15 AE 27 B, HItZAZSEMBHRTONPESSEREZRARDOBEESENN &
ZERERENZYE" BMRATSEILRNINZED, ERMEMXAE. WAKE. PERFRELY
BHRFAND. THISHAFHES: 4 B 15-19 B 24-27 BEPESSREZEHARP OB TERRET;
4 B 21-23 HEILRAZPXFEENHFBSW, IRAZREBEENIENZRECYEBRRFEE
RRRRLEFEASWNERFE. RKBTE. £EH. £E. ZEH. HAZERMW 150 REERFEESS, B
SKE R RMENZEMNINERXEFRARIY., 2WHEHE J.-P. Blaizot, P. Danielewicz, D. Lee %
ERNBZEERES, NAREZTE. BZERASEN. P FREMN., NEZIEZNEIHNASHRS
W, KRR TZYBEARNEENEGIE, NBfEERENTREME T HEE.

From April 15 to 27, 2024, the international workshop "Exploring Nuclear Physics across Energy
Scales 2024" was successfully held in Beijing, co-organized by the Center for High Energy Physics,
Peking University and the China Center of Advanced Science and Technology, with support from
Beihang University, Shandong University, and the Institute of Theoretical Physics, Chinese Academy of
Sciences. The event consisted of two segments: academic sessions at the China Center of Advanced
Science and Technology (April 15-19 and 24-27) and a thematic workshop at Zhongguanxinyuan
Global Village, Peking University (April 21-23). Chaired by Professor Huichao Song of Peking
University and Research Professor Shangui Zhou of the Institute of Theoretical Physics, the workshop
brought together over 150 experts from China, the U.S., Germany, France, Japan, and other countries
to discuss cutting-edge topics at the intersection of high-energy nuclear collisions and nuclear
structure. Distinguished speakers, including J.-P. Blaizot, P. Danielewicz, and D. Lee, delivered
presentations on nuclear deformation, light nuclear clustering, neutron skin effects, and machine
learning applications in nuclear physics. The workshop fostered interdisciplinary collaboration and
opened new avenues for research across energy scales.

Exploring nuclear physics across energy scales 2024:Intersection between nuclear structure and high energy nuclear collisions

2024.04.20-04.24 Beijing, China
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202445192 22 H, s=ENSREMNG2FMEMYS (MIP 2024) it R AFMIE F 21T,
IRREMEZ R EHE. SFTHSRIEMNBARMRRIBARRSWNEE, BRI 40 SPEAH
180 RAS S, MISFAEE: KKERMERAR. S2TEHR. SFEAERBHUE. 2728
BAESREIK. 2FNARAK. 2781, RRLRRZFNENE, 2T 4820 HELFFR. =
AREVEZREKSRETRIBENDHE, HE, RBPE. BR. HE. ZEH. 8XF. HIFENER
FELRFT I9NALIREUR 26 ERER, HERT, IRAZVEZRE TELENPERZE
ARZEBFHENERUEXRESEME, HEARHE.

The MIP workshop (Workshop on Muon Physics at the Intensity and Precision Frontiers) 2024 was
hosted by the School of Physics, Peking University, from April 19 to 22, 2024, chaired by Qiang Li,
Qite Li, and Chen Zhou. Over 180 people from more than forty institutions at home and abroad. The
workshop covered topics: Muon Sources R&D, Muon Precision Measurements, Muon Rare Process
Searches, Muon Applications, Theoretical Muon Physics, and Future Experiments and Muon Colliders.
In the opening session on April 20, Academician Yuanning Gao, Dean of the School of Physics at
Peking University, delivered the welcome speech. Subsequently, experts and scholars from China,
Japan, Thailand, the United Kingdom, ltaly, and Switzerland presented 39 oral reports and 26 poster
displays. During the closing session, Professor Mao Yajun from the School of Physics at Peking
University and Professor Tang Jingyu from the University of Science and Technology of China awarded
the winners of the Best Poster Award and delivered the closing remarks.

Welcome Speach by

Dean prof
- Yuanni
\ﬁCe Dean Pro;j_anm"9 e

Xueging Yan

2024 10 B 30 H, 2018 FHEN/RMEZLRESENR FI/RIF BEEILLRKRERTLERHS
B FHNRRBGHCRNERAFN S, SWEBEBRBIARKE. FERZRVEBHRA. PERZR
FZCEREBHMA R, PERZRKENXZEEIMSMIERR. PERZROELZIER TR
LORZARZ, BRFHAFMIERANERAERERNBRATDSERIINEETR. REFE LIRS
BARBIWHEREE, MEEMs TN BGFCRARIMENG . SAIR, NASEIARA RIS
HITTRARIR,
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On October 30, 2024, Professor Gérard Albert Mourou initiated a workshop on high repetition rate,
high average power and high intensity laser at the Tizhai building of Peking University. The workshop
invited experts and scholars from well-known universities, scientific research institutions and high-
tech enterprises at home and abroad, such as Peking University, Institute of Physics of the Chinese
Academy of Sciences, Xi'an Institute of Optics and Precision Mechanics of CAS, Changchun
Institute of Optics, Fine Mechanics and Physics of CAS, Dalian Institute of Chemical Physics of CAS,
Huazhong University of Science and Technology. National University of Defense Technology, and
Beijing Caipo Optoelectronics Technology Co., Ltd. They had in-depth exchanges on the physical
mechanism, technical status, application fields, and development prospects of high repetition rate,

high average power and high intensity laser.

224 F 1M B1HZE4H, tRAEVEBEZREILRIXMERLNENRT "FF. #FEERER
LM HZERFHTS” (International Workshop on Nonlinear Dynamics in Atoms, Molecules, and
Complex Systems) , KAXKWHAIIRAEZEVEZREZRRABENRIIAEZVESABTIRFRELE
BIHEHEZENALR, REERIMEXTRITN 40 REMNZZEZESN T AR WIFHERBRS,
IEFEMXE 40 RESFEZEMBELESMTHRSN., SSERNBSSSEFSSF. BR. BREKR
HEEXMAPEXNIEL NN FECHNLNHE, BRBEHARANELRE. REFESHO, H#=E
THANRMARMERRRELZEBER, B05288Y 7 RFNEMNESEXR, RREHEBIRITAT
AV ER A AR,
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The School of Physics proudly hosted the "International Workshop on Nonlinear Dynamics in Atoms,
Molecules, and Complex Systems" from November 1-4, 2024 at Zhongguanyuan Global Village of
PKU, co-chaired by Professor Liang-You Peng (Peking University) and Associate Professor Wei-
Chao Jiang (Shenzhen University). About 40 renowned scientists gave invited talks, with another 40
postdoctoral researchers and graduate students attending the workshop. The topics of the workshop
covered four key frontiers: cutting-edge developments in atomic/molecular physics; emerging
nonlinear phenomena in condensed-phase systems; next-generation ultra-intense laser technologies;
transformative applications of Al in physical sciences. This intensive symposium stimulated vigorous
scientific discourse while establishing new collaborative networks, serving as a premier international
forum for addressing fundamental challenges and shaping future research directions in nonlinear
dynamics.

Exploring nuclear physics across energy scales 2024:Intersection between nuclear structure and high energy nuclear collisions

2024.04.20-04.24 Beijing, China

s RAXRNAE
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ZXRE, TEHTHMICXANIE 2023 FARTEBSEFIRMBAREL R (EX) , =
BRMB LRI (18X ) EESHID,

The theses completed by Li Caizhen, Li Zunqi, respectively, were selected as the Outstanding
Undergraduate Graduation Designs (theses) of colleges and universities in Beijing in 2023;
and Li Zheng won the award of Outstanding Graduation Design (thesis) Supervisor.

FIHEIK 2022 FERUFMRE—FX,
Gong Qihuang was awarded the first prize of the National Teaching Achievement Award for
2022.

XNERE+NEIARTEEFZREAFZL RS,
Liu Chuan was awarded the 19th Beijing Distinguished Teaching Award.

X EBRIERHEB B ALERS,

Liu Yuxin was awarded the title of Beijing Pioneer in Education and Teaching in 2023.

ENZTRHIEXRIERERETZEFFLNHZERD RN E—FL,
The thesis completed by Wu Taoli won the first prize in the 13th Basic Teaching Skills
Competition (Thesis Competition) for Young Teachers in Beijing’s colleges and universities.

IKRFIR 2028 FEERFAEHFEERE (ICM) FEX,
Zhang Tianyu was awarded the Outstanding Winner prize in the 2023 Interdisciplinary Contest
In Modeling.
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TTIEMENHAESFESMIEZINES TRABHMARRIE=ZRE "RO5FR" Fh—%X, 7
SIEALBBEANEZINES TR _EX,

Ouyang Xiaoyu, majoring in physics of Yuanpei College, won the first prize in the third
"Questioning and Guessing" event of the Ministry of Education’'s Top-Notch Talents Program
under the guidance of Li Xinzheng in 2023, while Lu Zhiyao was awarded the second prize
under the guidance of An Haipeng and Liu Jia, .

BHE. KREHEEENE2EXFEVEILR TSR (BFR) PR—FX, JEX. F1UE
DIRTEE,

Zhao Ziming and Zhang Chenrui won the first prize in the 9th Chinese Undergraduate Physics
Experiment Competition (Teaching Competition). Ai Yiwen and Li Lijie were awarded the
second prizes respectively.

REF., FER. T2R. TEHE, BPRFETHRPERFZENEZATE_FK,
Song Zhuoyang, Yao Bingchen, Wang Yilin, Li Jiagi and Jia Yuyao won the second prize in the
14th China Undergraduate Physics Tournament.

BXBERTNZYBERES - TANBYLBEASUYESS (ANPhAZAAPPS-DNP) &EH
FRE,

Mei Wencong was awarded the Young Scientist by the Asia Nuclear Physics Association &
Association of Asia Pacific Physical Societies - Division of Nuclear Physics (ANPhA & AAPPS-
DNP).

(BEMEDE) . (NF) . (EEPEIR) . (BiXX) OITRANEER—RARHRRE,
“Methods of Mathematical Physics” , “Mechanics”, “General Physics Laboratory” ,
and “Fundamental Astronomy” were selected as first-class national undergraduate courses.

SIMERBARFESEFFLEEMPARNERMII, 14 Tt R BARZESARERHIT
ANV B3 VAT

3 Youth Student Basic Research Projects of the National Natural Science Foundation of China
(NSFC) were approved. 14 Beijing Natural Science Foundation Undergraduate Research
Initiation projects were approved.

R EREREE LRSI RRESX,
Bao Yibo won the Gold Award of the International Genetically Engineered Machine Competition.
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WER. ZEFHREHERE 11 BEABTESFRARESE, SERRKLFEREE,
Chi Yulin and Li Guoping won the men's team championship, while Lv Xiaying won the
women's team championship of the 11th Dragon Boat Championship of Capital Universities.

B—& (BSHm: XiEe) . 8k (BSHH: iE) NELFAI8XIRF 2023 FibR
MRFE TR0,

The doctoral dissertations of Fangbing Yiqi (supervisor: Liu Yunquan) and Li Hailong
(supervisor: Xie Xincheng) were respectively awarded the Excellent Doctoral Dissertation
Awards of Beijing in 2023.

SERIERHTEBRSEFIRMFELENE,
Gao Yong was awarded as an Excellent Graduate of General Higher Education Institutions in
Beijing.

MR 2023 FEENFRESZRWM CATL BT X XFREMTSOLIRER. £+1
J& HOPE R EBRETRK,

Hong Jiani won the Oral Presentation Prize at the CATL Virtual Asia-Pacific Graduate Student
Symposium, ACS Spring 2023, and the 14th HOPE Meeting Best Poster Presentation Award.

HRERE 6 BREAFERABITRIIES F 76 AT RILE,
Hu Rongzhe won the second place in the men's 76-kilogram class of the 6th Chinese College
Students' Wushu Sanda Championship.

AKX =IRT 2023 FARARFEMFHRERRSHID,
Hu Yongyun won the title of 2023 Excellent Graduate Supervisor of Peking University.

ZEIRRETHBEERAUDFSEIWNEEFEX,
Jiang Hailing won the Best Student Award of The 14th International Conference on Nitride
Semiconductors.

N SHHRE A BEEAREX TR EE 5L,
Liu Zhuokai won the first prize in the 6th National College Students' Astronomical Innovation
Works Competition.
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FIARBRERBEAFE 2022-2023 EFLREBEVE, £ 10 B2ERFLEBEREAR (&
EEK) BFEZE. B EFERETNEBSURARLE,

Wang Kaixiang won the second place in the finals of the Super Fixed-point Skiing Open in
the 2022-2023 ski season, the team championship of the 10th National College Students'
Skiing Challenge (North China Region), and the second place of the team in the 16th Skiing
Competition of Capital Higher Education Institutions.

EWHFRICRRZE=+—F RAN ANEFRZRERTRFER, FAR  TEFHR—FX,
Wang Qinghe won the Grand Prize, while Ren Yinghui and Xu Fengwei respectively won the
first prizes of the 31st "Challenge Cup" May 4th Youth Science Award Competition of Peking
University.

EFHEE 5 BPERFLENE (HZ2) BrRBEFHREE.
Wang Zicheng won the men's team championship of the 5th Chinese College Students'
Archery (Shooting Art) Championship.

FHRE 19 B2ETENF R FRFASWNEFMNHEILI,
Wei Yi won the Excellent Youth Paper Award of the 19th National Academic Conference on
Charged Particle Sources and Particle Beams.

2H. RIFEARSHEEEYVESENZRCIEREBRE,
Wu Di and Xu Shirui respectively won the Best Poster Awards of the Young Scientists Forum
on High Energy Density Physics.

EMRRPEIBF S - 28 MidSpore EFEARXMES,
Zhai Chonghao won the Chinese Physical Society-Huawei MidSpore Quantum Academic
Award Fund.

BERPENFFZSETRERIAFEFER,
Zheng Yun won the Student Award of the 20th Wang Daheng Optical Award of the Chinese
Optical Society.

BOBREECIFFLX,
Xie Xincheng won the National Innovation and Progress Award.
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Gaoyuan Ning won the Capital Labor Medal.

RANRFRRAIRI BRI REREEREERAR,
The Party Branch of the Institute of Modern Optics was honored as an Advanced Grassroots
Party Organization in Beijing Universities.

AFUZEEEZASHF KR L,
He Zishan was elected as a member of the American Academy of Arts and Sciences.

EFRIEEENRFEFERT,
Wang Xingiang was elected as a Fellow of the American Optical Society.

FHRIABNTEZDEFSETNEESEREESK, 8. NEBIENESES, MKIFE
MRALENES,

Xu Furong was elected as Vice President of the 14th Council of the Chinese Nuclear Physics
Society. Hua Hui and Liu Yuxin were elected as Executive Directors, and Yang Xiaofei was
elected as the Director.

FRREKEAMBERNFSIWINEHAE,
Wang Jian received the Achievement in Asia Award (AAA, Robert T. Poe Prize) from the
International Organization of Chinese Physicists and Astronomers (OCPA).

BRI RSRARSFRERMRE,
Yu Yan received the Young Scientist Research Award from the World Meteorological
Organization (WMO).

FRBHREEEEFSBFTFRFERE,
Wang Chenxu won the Global Young Investigator Award from the American Ceramic Society
in 2023.

HolE, TTHRHEARRATBE RN,
Xiao Yunfeng and Jiang Ying received funding from the New Foundation Researcher Program.

=53k 2023 FERMFRAEL,

Gao Peng won the 2023 Tencent Foundation Science Exploration Award.
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RMERE
BRTREHGHNXE. EZE, KPR PEMIRF S 2022-2023 FERZRYBEMFEARNAYER,

Liu Xiongjun and Zhu Rui respectively won the Zhou Peiyuan Physics Prize and Sa Bendong
Physics Prize of the Chinese Physical Society.

REWIFA 2023 F MEERHRTEE,
Zhu Kun was named as the Guangzhou's Most Outstanding Science and Technology Worker
in 2023.

FUHRPENREFLEHEEAIHE L PEEREARE,
Wang Jianwei won the 20th Wang Daheng Optical Award for Young Scientists from the
Chinese Optical Society.

NS E5NSH P EXE RMNHHLE S| IRFEXBIEE" Ak E+ARSHEEM (RZ)
REFE T KRB R,

Under the leadership of Li Kega, the discovery of key evidence for nanohertz gravitational
waves by the China Sky Eye project was selected as one of China’s Top Ten Science and
Technology News and named among the Top Ten Scientific Breakthroughs of the Year by
Science magazine.

HRIEETRNIE "WREREECDIESNA" 3% 2022 FEHBH =S ZRBMZHRMEN
X (RERAR) BARFE—FX,

The project "Symmetry-Breaking Microcavity Optics and Applications" completed by Xiao
Yunfeng's team was awarded the First Prize in Natural Science at the 2022 Higher Education
Scientific Research Excellence Awards (Science and Technology), conferred by the Ministry of
Education of China.

XNHESENIE "XRZHEX SRR ERFIIEIHNRERE SRR K 2022 FEILRT
BANZE—FX,

The project "Key Research on Wafer-Scale Fabrication of Two-Dimensional Semiconductor
Materials and New Principle Information Device Fundamentals" completed by Liu Kaihui's
team was awarded the First Prize of the 2022 Beijing Natural Science Award.
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HEME5ME "EiRAZREHESROBEBZMEIZERRR T RXBHIERA" FKEM
BRERARES—FL,
The project "Design and Key Manufacturing Technology of Flexible Support System for
Superconducting Poloidal Field Coils of International Thermonuclear Experimental Reactor"
in which Xiao Chijing participated, won the First Prize of Science and Technology Progress in
Guizhou Province 2022.

HEBSE5NIE "TERN SN EMMINE SMERAR" KPERFRRRELRHER,

The project "Space Radiation Total Dose Effect Test and Reinforcement Technology” in
which Xue Jianming had participated, won the Special Prize for Scientific and Technological
Progress of the Chinese Nuclear Society.

XZ2EXMNIE "BREHLH TEFRFELCMIRAR" . TIMRETHNIRE "E=C
F SRR RN RPENFFRNFRI—FXK,

Liu Yunquan's project "Theoretical and Experimental Study of Quantum Tunneling under
Ultrafast Intense Laser Fields" and Wang Xingiang's project "Third-Generation Semiconductor
Luminescent Device Substrate Technology" won the First Prize of Optical Science and
Technology of the Chinese Optical Society.

HRESERRAR "BRRIAZ MR PN RE R FEREL " NiE 2022 FEPENEF T KHE,
Xiao Yunfeng's team research " First Discovery of Interface Whispering-Gallery Modes in
Optical Microcavities" was selected as the Top Ten Progresses in Chinese Optics in 2022.

EERANIEX " BY _#EMESERKINZENABEEERESN. SR TSRy XEaEs”
NIE "R H ARt 2022 R EFEIRN .

Zhao Qing's paper "Facet Orientation Tailoring via 2D Seed-Induced Growth Enables Highly
Efficient and Stable Perovskite Solar Cells" was selected as one of China’s Top Annual Papers
of 2022 by Cell Press.

SHBINE (REEIRHEITL) "35 SLATRHREIH 35 A" 2022 FhERXBEE,
Luo Zhaochu was named one of the “35 Innovators Under 35" (China List, 2022) by MIT
Technology Review.
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2024 FE
In 2024

IR, ML EMAEIEINIE 2024 FILRHEBSFFRUEARELWIRIT (83X) , KA.
IMRIRILF EIR I (18X ) I8 SHUT,

The theses completed by Cheng Mouyang, Yang Dehong, respectively, were selected as
the Outstanding Undergraduate Graduation Designs (theses) of colleges and universities in
Beijing in 2024; and Cheng Ji, Sun Dong won the awards of Outstanding Graduation Design
(thesis) Supervisor.

SRR3R 2024 FEE|RBFRINE,
Zhang Qinghong was awarded the 2024 National Meteorological Distinguished Teaching
Award.

FEFRE/NEBLARTESEEZRESFHFEINEL,
Fang Zheyu won the 8th Young Teaching Teacher Award of Beijing higher education
institutions.

BRRIR 2024 FIRESRMBFUFEEARE,
Cao Qinghong was awarded the 2024 Outstanding Teaching Administrator Award of Beijing
higher education institutions.

MNEZBERFN (RFOEZF) B NIE 2024 FIRSRUAAREM
Liu Yuxin's textbook “Atomic Physics” was selected as a high-quality undergraduate
textbook of Beijing higher education institutions in 2024.

BENEFN (FESRITYE) AL 2024 FIXRSRMEARHE,
“Equilibrium Statistical Physics” of Huang Huaqing was selected as a high-quality
undergraduate teaching materials of Beijing higher education institutions in 2024.

Homis. SPEM. &8, B%F. e, MERRETLETERFENEFARE_FL,
Lin Peihan, Guo Shaoyang, Peng Rui, Gao Mingze, Han Peilun, and Qi Haotian won the
second prize in the 15th China Undergraduate Physics Tournament in 2024.

SHMEREBANZESEEZEEMTRABN 15 HIEREANZESSEZEEMPRINE
(FLHRE) HFKHIZW, 13 TR EARZESAREBHITLIB BRI,

3 Youth Student Basic Research Projects and 15 Youth Student Basic Research Projects
(for Doctoral Candidates) of the National Natural Science Foundation of China (NSFC) were
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approved. 14 Beijing Natural Science Foundation Undergraduate Research Initiation projects
were approved

PR, XizeiRT 2024 FIHRKFZMFHREESHID,
Chen Bin and Liu Yunquan respectively won the titles of 2024 Excellent Graduate Supervisor
of Peking University.

HRFRETNEILRAREFAER NKE,
Dai Tianxiang won the 14th Peking University Students' May 4th Medal.

SERKREEMZAZTITS (ISNS-24) REOLRESFRERE,
Fan Sigin won the Young Scientist Award for Outstanding Oral Presentation at the International
Symposium on Nuclear Science (ISNS-24).

B3, BREEIR 2023, 2024 FEGENAFFZSREIFRE (BAANEFE) —FX,
Fang Yigi and Chen Peng respectively won the 2023 and 2024 first prizes of the Science and
Technology Innovation Award of the Chinese Optical Society (Guo Guangcan Optics Award).

SEREMERENAERTYS (WOMA2024) REEIRE.
Jin Xing won the Best Poster Award at the International Workshop on Microcavities and their
applications (WOMA2024).

FEFRPEVEZLSEVESSE 1I3BERAMBEEMAFTEN—FKL, BB, GREDRK
—Ex,
Li Congqgiao won the first prize, while Ma Pengxiang and Wen Xinkaixiang respectively won
the second prizes of the excellent youth paper in the 13th Chenguang Cup of the High Energy
Physics Branch of the Chinese Physical Society.

FI55K 2024 FEEMAFIEF S (SPIE) %%,
Li Jing won the 2024 International Society for Optics and Photonics Scholarship.

RIn#EIkT 2023-2024 FEIRDUEFZETE. ERKXEFEFEAY-2024,
Li Shunde was awarded as an Outstanding Student Leader in Beijing from 2023 to 2024, and
named the Peking University Student of the Year 2024.

XUKEER 2024 FEPENFFZRE_T—BERIANFLEEL,
Liu Yanwu won the Student Award of the 21st Wang Daheng Optics Award of the Chinese
Optical Society in 2024.
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ZRIK 2023-2024 FEI AT = FE,
Qin Biao was awarded as a "Merit Student " in Beijing from 2023 to 2024.

FTHIHRBRERBESAAREE., F+REEZEAFEBSHAEARTE,
Wang Kaixiang won the championship of the Super Fixed-point Skiing Open and the second
place of the team in the 10th National College Students' Skiing Challenge.

REE (BSHD: #RFE) NETZAICXERT 2024 FIRHMFELTFMICX,
The doctoral dissertation of Yu Xuejia (supervisor: Xu Limei) was awarded the Excellent
Doctoral Dissertation Award of Beijing in 2024.

iKEFIIK LHCh &1E4H 2024 FEMBIE TR MK,
Zhang Shunan won the 2024 Outstanding Doctoral Dissertation Award of the LHCb
Collaboration.

KRERPEEMRRFZFEFMEIWVABRRAREE,
Zhu Xinyue won the gold medal in the finals of the China International College Students
Innovation Competition.

Z 12 %1F Fundamental Research H3F) £ %%,
Gong Qihuang was re-elected as Editor-in-Chief of Fundamental Research.

k8. BREMAINEREGRERES NANEZRESAITNIE, £YPEBETILERR,

Tang Chao and Ouyang Qi were elected as members of the Statistical Physics Committee
and the Biological Physics Committee of the International Union of Pure and Applied Physics
(IUPAP).

SRR, THR. REEFRBE=ZESREFEREL.
Ma Bogiang, Xu Furong and Wu Xuebing were approved to enjoy the Special Government
Allowance of the State Council.

SRS 18 B ESFERRE,
Gao Peng won the 18th China Youth Science and Technology Award.

IIRBIRE 19 BRPEBTFURFERE,
He Qiongyi won the 19th China Young Female Scientist Award.

0o0oe BI-ANNUAL REPORT &#& | 161



AWARDS & HONORS
Rm5%RE

D ERBERESERER.

Ma Yanqging won the Tan Kah Kee Youth Science Award.

X FERh EIEF AN EMIEL,
Liu Kaihui won the Hu Gangfu Physics Prize of the Chinese Physical Society.

WMERIERZ L ANIK 2024 EBEWRFRRE,
Yang Xiaofei and Peng Yingjie won the 2024 Tencent Foundation Science Exploration Award.

IANEIERERESESFERZ R,
Jiang Ying was selected into the Outstanding Young Scientists Program of the Beijing
Universities.

BAEMLE 2024 FETESRFRS
Zhao Bolin was elected as a Fellow of the Chinese Meteorological Society in 2024.

FHRLE 2024 FEFEXRFEFESST.
Wang Xingiang was elected as a Fellow of the Chinese Optical Society in 2024.

A NE (RBEIRITIL) "35 S LITRELOIH 35 A" 2023 FhEXEE,
Hu Yaowen was named one of the 2023 MIT Technology Review "35 Innovators Under 35" in
China.

BR—RENEERESR ZERKE,
Chen Yi won the 4th Heinrich Rohrer Medal.

ERE. XFEFEFANFRMR “BIEEHNF S EARNBEFEREREEL ST | B
HHEIMFRMR LR B —H - B E L o EME/RIKEER" . EURBIAHARMAR "§T
BEEFIHENNAZ-—-BRIEERNNXEF TR, URSRABMHFRLR" BZAME R ——
F—RBEFHRITINEEN Nk 2024 DX ICIRES ARINERRHTME.

The research achievements of Wang Enge and Liu Kaihui "A Powerful Tool for Laser Control:
Original Theory and Materials of Boron Nitride Optical Crystals with Turned Angles", Ma
Renmin's team "Synchronizing Laser Steps: Phase-Synchronized Reconfigurable Moiré
Nanolasers", Wang Jianwei's team "Building the Core of Quantum Computers: Ultra-Large-
Scale Integrated Optical Quantum Chips", and Gao Jiahong's team "Decoding Brain Images:
New Generation Atomic Magnetometer Magnetoencephalography" were selected as major
scientific and technological achievements released at the 2024 Zhongguancun Forum.
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BEHETRY KA R RO F s BRSO R RS R 3K 2023 FEILRHBEA
BEX-FX,

The project "Carrier Transport Regulation and New Principle Device Effects in Dirac Materials
"completed by Liao Zhiming's team was

awarded the First Prize of Beijing Natural Science Award in 2023.

BEMNSE5NIME "“HEMRIIRINTYSRETERER" 3% 2023 FEILRTEARELE —FX,
The project "Topological New States and Band Structure Regulation in Two-Dimensional
Materials " which Huang Huaqing had participated in was

awarded the First Prize of the Beijing Natural Science Award in 2023.

BFRERHY RSB EBRARAR FIIRSFSXBRARNA" 3k 2024 FETEZFS
REOHSRIFER,

The project "Key Technologies and Applications of Low-Energy-Dispersion High-Gradient
Petawatt Laser Particle Accelerator" completed by Yan Xueqing's team was awarded the
Special Prize for Progress in Science and Technology of the Chinese Nuclear Society in 2024.

BHESERAZEERIRESIENE. REFTHTAKERFH RN SIERBER
2023 FEPEBNRIEX,

Professor Yury Gledenov, from the Joint Institute for Nuclear Research (JINR), Russia, and a
long-term collaborator of the National Key Laboratory of Nuclear Physics and Technology, was
awarded the 2023 China Government Friendship Award.

HRESEHRRAR "NMIRESFRNEZELURMNENE" MEUBSEHRRNR "EEUE
BERINSTHRSHEFWE" N\ik 2023 FEPENFZTRHE.

Xiao Yunfeng's collaborative research "Acoustic Fingerprint Vibration Spectrum Measurement
of Individual Particles at the Mesoscopic Scale" and Wang Jianwei's collaborative research
"Multi-Chip High-Dimensional Quantum Networks with Entanglement Recovery Capability"
were selected as the Top Ten Progresses in Chinese Optics in 2023.

TR, TMRESHRAR "HIdERBRRENAUDBETHSERRINEERE" Nik 2023
FEPELSHTRARERE,

The research project “Heteroepitaxial Films of Nitride Wide-Bandgap Semiconductors with
Substrate-Like Crystal Quality” , led by Shen Bo, Xu Fujun, and their team, was selected as
one of the Top Ten Advances in Semiconductors in China in 2023.

. OBKIR
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