ANNUAL
RePORT

i
O
v

8

2023

m /,d‘.\\\g\‘ A\ |

A.,.__ _
, B
. =/ TAN 1 §
7hi=>7 ANZ/ AN
7 Z h/h.“..lh-..\\ ! A\
=2

N ;
Sl

% = —

RN R

TDLI ANNUAL RePORIT

\

7 2\
“

%)

o LiBThiBRNETIES FEIEM AT (201210)

HhlirAddress

Tsung-Dao Lee Institute, NO.1 Lisuo Road, Shanghai, 201210

BEZEEIE Tel . +86-21-6869 3100

EEMItWeb :

& A T

o

25
=
]
=
[
w
Z
&)
23]
—
Q
I
=
O
Z.
?
T

nd Art Exhibition

sity Tsung-Dao Lee Science a

in 2023 Shanghai Jiao Tong Univer

HEREB2023F FBmBAFFHER ZRESFm FHEM. WIS, LS ()

u.edu.cn

http://tdli.sjt

COVER : Rapid by Li Dongzhou, Ye Lujie, Wang Xuangi
Award of Excellence

It won an



ANNUAL

RePORT




FROM
TDLI DIRECTOR
FrKEIE

From TDLI Director

Jie Zhang

Director, CAS Academican

Artwork of 2023 SJTU T.D.Lee Science and Art Exhibition: Complexity and Simplicity

2023 LigRAFHENZRIFm: (ES5E)
By Yuqing Ying

15&: MEB

Reflecting on the achievements of Tsung-Dao Lee Institute in 2023, one central
theme emerges: "Mission Impossible," encapsulated by the Chinese phrase" 57517
H 4492 (ming zhi bu ké wéi ér wéi zhi) ” meaning to undertake a task despite its
apparent impossibility.

The aspiration to establish TDLI as a globally influential institute of fundamental re-
search is a shared dream and mission among all TDLI members. However, achieving
this goal within a mere fifteen years is akin to a monumental challenge, requiring

unwavering confidence and courage.

In early 2023, we finalized the "TDLI Vision 2035" outlining our development blue-
print and research path for the next fifteen years. Breaking down this seemingly un-
attainable goal into actionable tasks, we aimed to establish the foundational ele-
ments of a world-class research institution within three five-year periods, with the
pivotal first phase spanning from 2021 to 2025.

At the outset of 2023, we set forth a series of annual key objectives:

1. Initiate and advance the construction and upgrading of three major scientific
facilities—namely, the JUST Spectroscopic Telescope in Lenghu, Qinghai, the
PandaX Dark Matter and Neutrino Detector in Jinping, Sichuan, and the TRIDENT
Neutrino Telescope in the West Pacific Ocean. This unprecedented endeavor
presented formidable challenges, both financially and operationally.
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2. Cultivate a talented workforce aligned with our focused collaborative research
goals, navigating a delicate balance between structured scientific inquiry and the
ethos of academic freedom, a process requiring ongoing exploration without pre-
established success models.

3. Forge a "high-standard, small-scale" global alliance of fundamental research insti-
tutions, a daunting task amidst the complexities of international collaboration.

4. Innovate doctoral training models fundamentally, necessitating thorough research
to reform the traditional mentor-apprentice approach prevalent in domestic uni-
versities.

5. Secure long-term institutional funding and support from government and societal
stakeholders, a challenge in the absence of established mechanisms domestically
for sustained funding.

6. Foster a unique "TDLI" culture characterized by inclusivity and excellence, estab-

lishing a nurturing research environment amidst societal engagement.

Throughout 2023, we spared no effort in pursuing these ostensibly "impossible" ob-
jectives:

1. With robust support from Shanghai Jiao Tong University (SJTU), we secured a sig-
nificant subsidized loan of 250 million CNY to initiate and advance the construction
and upgrading of the aforementioned scientific facilities.

2. We collaborated with SJITU School of Physics and Astronomy to redefine talent de-
velopment strategies and reformulate TDLI recruitment and promotion criteria and
procedures for tenure positions, scientific staff, and engineering and technical sup-
port staff, ensuring alignment with our research objectives and research structure.

3. Our leadership and researchers engaged with 23 leading research institutions
worldwide including Niels Bhor Institute, NORDITA, RIKEN, QUP, IPMU and etc.,
fostering collaboration frameworks and initiating the formation of the "Global Alli-
ance of Fundamental Research Institutions."
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4. Leveraging opportunities presented by the High-Level Talent Training Center for
Mathematical, Physical, and Chemical Sciences initiatives, we secured recogni-
tion as one of three national high-level talent training centers in physics, accom-
panied by substantial funding and doctoral quotas.

5. Through extensive outreach efforts, we made progress in garnering recognition
from both the public and private sectors, and in diversifying funding sources, lay-
ing a solid foundation for our sustainable growth. Throughout 2023, we hosted
over 100 visits with more than 4,000 participants.

6. By constant communication with various offices and agencies in Shanghai Munic-
ipality and Pudong New Area, we officially renewed the road name where TDLI
sits as “1 Li Suo Road”, completed the construction of "Li Suo Bay," Charles H, C.
Kao Reading Space and the Zhangjiang Conference Center, embodying our inclu-
sive and nurturing culture.

Our relentless pursuit of knowledge and excellence yielded significant scientific ad-
vancements in 2023. We selected the top ten scientific highlights of 2023, some of
which directly entered the national top ten scientific advancements list. We pub-
lished 352 SCI papers, including 130 high-quality papers, and secured approval for 31
research projects, including three projects with funding exceeding 5 million RMB.
Fifteen individuals were selected into national and Shanghai talent programs. Addi-
tionally, we garnered prestigious awards and accolades. On top of these, Professor
Ding Hong's induction as an academician of the Chinese Academy of Sciences under-
scored our commitment to scholarly excellence.

In October and November 2023, we convened meetings of the Domestic Strategic
Planning Committee and the International Academic Advisory Committee, inviting
nearly fifty academicians and top experts and scholars in physics and astronomy from
around the world to comprehensively evaluate the TDLI Vision 2035 and its current
development status. The committee members unanimously affirmed our Vision 2035
and highly recognized the TDLI’s remarkable progress over the past two years, ex-
pressing confidence in and anticipation for our future trajectory
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2023 was a fruitful year, during which we completed all annual key tasks. This was ﬁﬁﬁ%’iﬁ
made possible by the 200% efforts and dedication of all TDLI members, demonstrating

the profound impact of the "Mission Impossible" spirit on the institute's development.

Looking ahead to 2024, the road ahead remains challenging, requiring the collective

K R
FriK. R

efforts and dedication of all TDLI members to continue transforming seemingly impos-

sible tasks into tangible reality!

Building a world-class research institution remains our collective aspiration and driving

force. Although the goal may seem distant now, as long as we maintain the confidence

and determination to undertake tasks that seem impossible, and turn the impossible EIFFZEBIEHAFFT2023FERTIE, B—MELER “Mission Impossible” , X
into the possible each year, we are poised to realize Prof. Tsung-Dao Lee's vision and = "BBHMARIAmAZ .
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OVERVIEW

With the directorship of Academician Jie Zhang, Tsung-Dao Lee Institute (TDLI) fi-
nalized its Vision 2035 in early 2023. It highlights TDLI's focus on the origin and evo-
lution of matter under extreme cosmic conditions and its big science research para-
digm aiming to make breakthroughs in exploring the fundamental scientific ques-
tions, form a unique school of thought in advanced research areas, and become a
world-class basic science research institute with significant academic influence by
2035.

In 2023, a key year in its first five-year plan leading to 2035, TDLI made solid pro-
gress in research infrastructure construction, scientific research, talent recruit-
ment, graduate student cultivation, academic exchanges and cooperation, fund-
raising, and cultural development, with strong support from various national and
local authorities.

Key Achievements:
1. Advancement of Three Major Remote Observation Sites:

® PandaX Dark Matter and Neutrino Detector in Jinping, Sichuan, underwent a
second-stage upgrade, focusing on improvements to the photomultiplier tube
(PMT) bases, Time Projection Chamber (TPC) components, and xenon impuri-
ties.

® TRIDENT Neutrino Telescope in the West Pacific Ocean Commenced its first-
phase construction with the support of SJITU. And entered into a strategic co-
operation agreement with Hainan Province and the CAS Sanya Shenhai Science
And Engineering Institute, enhancing collaborative efforts.

® JUST Spectroscopic Telescope in Lenghu, Qinghai, Initiated its first-phase pro-
ject, signed a quadrilateral agreement with the Government of Haixi Mongoli-
an and Tibetan Autonomous Prefecture in Qinghai Province, Qinghai Provincial
Science and Technology Department, and Qinghai University, and successfully

obtained approval for the selection of the Lenghu, Saishitengshan B-site.

02

2. High-Impact Research Output:

® Published a total of 353 SCl-indexed papers in 2023, with 130 in prestigious
journals such as Nature, Nature Astronomy, and PRL.

® Achieved breakthroughs in ten key research areas, including observing quan-
tum anomalous Hall effect in bilayer MoTe2 and discovering the precession of
the M87 black hole jet.

Observed quantum anomalous Hall effects in twisted bilayer MoTe,.
Explored M87's supermassive black hole jet dynamics .

Established dark matter luminance limits from PandaX xenon recoil data.
Proposed an efficient mechanism for GeV gamma-ray generation.
Identified an optimal TRIDENT neutrino telescope site .

Discovered multicomponent superconductivity in Ba,,KFe,As,.

Observed vector boson scattering and measured Zyjj cross-section.

Provided a model for the interaction of WASP-18b's atmosphere and mag-
netic field.

® Discovered vacuum quantum fluctuations' impact on chirality-dependent
spectral shifts.

® Proposed a supermassive black hole mechanism for dark matter acceleration
and annihilation.

w

. Increased Success Rate for Research Proposals:

® New record made as successful National Natural Science Foundation grants
amounted to 20.

® Granted 17 projects during the regular acceptance period, with an impressive
success rate of 51.5%.

® b5 projects selected into the International Scholars Talent Program, repre-
senting 26.3% successful grants within university.

@ Distinguished Professor Liu Jiang was successfully selected into the highly
competitive New Keystone Investigator Program.

® Got 88 diverse ongoing projects.
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4. Internationalization of Talent Pool:

In 2023, the strategic focus on "collaborated team research" facilitated the posi-
tioning and reform of talent-related initiatives, resulting in the following key high-
lights:

® Recruited 3 overseas high-level talents, and 19 postdoctoral researchers, in-
cluding 7 foreign postdoctoral researchers.

@ Chair Professor Hong Ding was elected as a member of the Chinese Academy
of Sciences.

@ Secured the inclusion of 15 individuals in various national and municipal talent
programs.

® Academician Jie Zhang received the 4th Outstanding Teaching Award.

® Academician Yipeng Jing was honored with the The Ho Leung Ho Lee Advance-
ment Prize.

® Academician Jinfeng Jia received the National Innovation Award.

@ Distinguished Professor Jianglai Liu was awarded the National May 1st Labor
Medal.

® Achieved an international scholar ratio of approximately 40% within our re-
search body.

(9}

. Establishment of a Comprehensive Ph.D. Program:

@ Selected as one of the first institutions for the Ministry of Education's National
High-level Talents Training Center in Physics, Chemistry and Biology in 2023.

@ Actively attracted top domestic and international students to the PHD program
at the training center, integrating the paradigm of big science research into
high-level talent cultivation.

(23}

. Deepening International Collaboration:

Director Jie Zhang led two delegations to Northern Europe and Japan, foster-
ing global cooperation networks with world-class research institutions.

® Hosted over 300 academic events and received more than 200 visitors in 2023,
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and achieved a cumulative participant engagement of 16,000 person-days, in-
cluding organizing 17 influential academic conferences, such as the TEXAS Rel-
ativistic Astrophysics Symposium, attracting over 2,300 participants.

® Hosted 10 sessions of the T. D. Lee Colloquium Series, featuring keynote
speakers such as Nobel laureates and distinguished scientists, including TDLI's
Chief Scientist Frank Wilczek, Academician Jianwei Pan, and Academician
Yifang Wang.

7. Diverse Funding Sources:

Establishing a long-term and stable diversified funding system is crucial for re-
searchers to focus on their scientific endeavors and ensures the sustainable devel-
opment of TDLI.

Constructed a stable and diverse funding system with support from the Ministry of
Education, Shanghai Municipal Government, Pudong New Area, and various social
entities.

8. Enhanced Academic and Cultural Environment:
® Spread and encouraged the spirit of Quest for Infinity.

® Further fostered the LiSuo culture of Blossoms and Plentiful Shade, Where
Home and Growth Reside.

@ Established TDLI at "No. 1 LiSuo Road," reflecting a significant milestone with
support from relevant authorities.

@ Collaborated with Pudong New Area Ecological and Environmental Protection
Bureau to complete the "LiSuo Bay" project, contributing to ecological devel-
opment.

@ Partnered with the Zhangjiang Group Party Committee to build the Zhangjiang
Conference Center.
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Observation of Fractional Quantum
Anomalous Hall Effect

@ Tingxin Li, Xiaoxue Liu et.al.

Physical Review X 13 (2023) 031037

The quantum Hall effect is one of the most significant discoveries in condensed matter phys-
ics, has been awarded the Nobel Prize in Physics for three times. Among them, the fractional
quantum Hall effect exhibits topological order due to strong electron correlations, displaying
long-range quantum entanglement and fractionally charged excitations. FQHE has been
considered as one of the important candidates for topological quantum computation. Ob-
serving the fractional quantum Hall effect typically requires strong magnetic fields and ex-
tremely low-temperature environments. A natural and challenging question is whether it is
possible to achieve the fractional quantum Hall states under zero magnetic field, i.e., realiz-
ing the fractional quantum anomalous Hall effect (FQAHE). Since 2011, theoretical studies
have confirmed the possibility of the FQAHE from different perspectives, but in experi-
ments, an appropriate material system for achieving the fractional quantum anomalous Hall
effect has been elusive. Therefore, the experimental observation of the fractional quantum
anomalous Hall effect has been a long-standing goal pursued by condensed matter physi-

cists.

Li Tingxin and Liu Xiaoxue's experimental team in SJTU collaborated to provide the first de-
finitive experimental evidence for the observation of the fractional quantum anomalous Hall
effect in twisted two-dimensional semiconductor MoTe; moiré superlattice devices. The key

achievements are as follows:

(1) A three-gated device structure was designed and fabricated, forming Ohmic contacts
to twisted MoTe:; by using the two-dimensional layered metal TaSe,, allowing inde-
pendent control of the electrical contacts, vertical electric fields, and carrier densities in

twisted MoTez moiré superlattices.

(2) By conducting low-temperature quantum transport measurements, the Hall resistance
was observed to approach h/e? and 3h/2e? at moiré hole filling factors of 1 and 2/3,
respectively. Additionally, integer and fractional quantized Hall conductance plateaus
have been observed in the zero magnetic field limit, providing compelling transport

evidence for both integer and fractional quantum anomalous Hall effects.

16

(3) A rich phase diagram of topological and strongly correlated quantum states in the
twisted MoTe: system was realized, driven by gate tuning of electric fields and carrier
densities. A novel topological quantum phase transition from the FQAHE to a strongly

correlated electron crystal state was realized under an applied electric field.

This research, titled 'Observation of Integer and Fractional Quantum Anomalous Hall Effects
in Twisted Bilayer MoTe;' , was published in Physical Review X 13, 031037 (2023) and was
highlighted as "Featured in Physics" by the editors. A "news & views" commentary article in
Nature highlighted that this work, along with another independent research by Prof. Xiao-
dong Xu's team at the University of Washington, first provides smoking-gun signature for the
FQAHE. This research is one of the breakthroughs in the field of condensed matter physics
in recent years, and paves the way for studying novel properties such as fractionally charged
excitations and anyonic statistics under zero magnetic field, providing new opportunities for

research in topological quantum computation and beyond.

(a) (b)
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Figure 1. (a) Schematic moiré superlattices of twisted MoTe. High symmetry stackings are
highlighted by circles. (b) Magnetic-field dependence of Hall resistance of the FQAH effect
at moiré filling factor v = -2/3 at varying temperatures. (c) Hall conductivity as a function of v
at varying temperatures. Distinct o,, plateaus can be observed around v = -1 and -2/3, with

values closely approaching the quantized values of e?/h and 2e%/3h, respectively.
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Two-decade monitoring of M87 unveils a
precessing jet connecting to a spinning
black hole

@ Yuzhu Cui, Weikang Lin, Yosuke Mizuno et al.

Nature 621 (2023) 711-715

The nearby radio galaxy M87, located 55 million light-years from the Earth and harboring a
black hole 6.5 billion times more massive than the Sun, has recently been discovered to ex-
hibit an oscillating jet. This investigation found the jet swinging up and down with an ampli-
tude of about 10 degrees. Through the extensive analysis of data observed from 2000 to
2022 by various international networks of radio telescopes, the research team unveils a re-
curring 11-year cycle in the precessing motion of the jet base, as predicted by Einstein’s
general relativity. This work successfully linked the dynamics of the jet with the central super-
massive black hole, offering the evidence for the existence of M87’s black hole spin. The
work is published in Nature on September 27th, 2023 (https://www.nature.com/articles/
s41586-023-06479-6).

Figure 1. Schematic representation of the tilted accretion disk model. The black hole’s spin
axis is assumed to align vertically. The jet's direction stands almost perpendicular to the disk.
The misalignment between black hole spin axis and disk rotation axis will trigger the preces-
sion of disk and jet. Credit: Yuzhu Cui et al. 2023, Intouchable Lab@Openverse and Zhejiang
Lab.
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Supermassive Black Holes at the center of active galaxies, the most disruptive celestial ob-
jects found in our universe, can accrete tremendous amounts of materials onto them due to
the extraordinary gravitational force and power the plasma outflow like jets to nearly the
speed of light extending to thousands of light-years away. The energy transfer mechanism
among supermassive black holes, accretion disk, and relativistic jets have been puzzling

physicists and astronomers for over a century.

A prevailing theory suggests that energy can be extracted from a spinning black hole, allow-
ing some materials surrounding the supermassive black hole to be ejected with great ener-
gy. However, the spin of supermassive black holes, a crucial factor in this process and the

most fundamental parameter other than black hole mass, has not been directly observed.

To tackle this challenging question, in this work, the research team focuses on M87 which is
the first observational record of an astrophysical jet in 1918. Thanks to its proximity, the jet
formation regions close to the black hole can be detailedly resolved with Very Long Baseline
Interferometry (VLBI), as represented by the recent black hole shadow imaging with the
Event Horizon Telescope (EHT). By analyzing M87 VLBI data obtained over the last 23 years,
the team has detected the periodic precessing jet at its base (see Figure 2), which can bring

us an insight into the status of the central black hole.

2013-2014 2015-2016 2017-2018

.__—» .~_

0.5 light year

— Bestfit - PA=288"° ¢ Kband ¢ Qband

Position angle n (deg)

2001 2004 2007 2010 2013 2016 2019 2022
Observation year
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Figure 2. Top panel: M87 jet structure at 43 GHz after bi-yearly stacking data observed dur-
ing 2013-2018. The corresponding years are indicated at the left-top corner. The white ar-
rows indicate the jet position angle in each subplot. Bottom panel: Best fitting results based
on the yearly-stacked image from 2000 to 2022. The green and blue points are obtained
from observations at 22 GHz and 43 GHz, respectively. The red line represents the best fit
according to the precession model. Credit: Yuzhu Cui et al. 2023.

At the heart of this discovery lies the critical question: what force in the universe can alter
the direction of such a powerful jet? The answer could be hidden in the behavior of the ac-
cretion disk, the configuration related to the central supermassive black hole. As infalling
materials orbit the black hole due to their angular momenta, they form a disk-like structure
before gradually spiraling inwards until they are fatefully drawn onto the black hole. Howev-
er, if the black hole is spinning, it exerts a significant impact on the surrounding spacetime,
causing nearby objects to be dragged along its axis of rotation, namely "frame-dragging"

predicted by Einstein’s General Relativity.

The research team's extensive analysis, including a comparison with a state-of-the-art theo-
retical simulation using a supercomputer, indicates that the rotation axis of the accretion disk
misaligns with the black hole's spin axis, leading to a precessing jet. Detecting this preces-
sion serves as a compelling support, providing unequivocal evidence that the supermassive
black hole inside M87 is indeed spinning, unlocking new dimensions in our understanding of

the nature of supermassive black holes.

"We are thrilled by this significant finding," said Yuzhu Cui, a postdoctoral researcher at the
Zhejiang laboratory and the leading and corresponding author of the paper. "Since the mis-
alignment between the black hole and the disk is relatively small and the precession period
is around 11 years, accumulating high-resolution data tracing M87 structure over two dec-

ades and thorough analysis are essential to obtain this achievement.”

"After the success of black hole imaging in this galaxy with the EHT, whether this black hole
is spinning or not has been a central concern among scientists" adds Dr. Kazuhiro Hada from
the National Astronomical Observatory of Japan. "Now anticipation has turned into certain-

ty. This monster black hole is indeed spinning."
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This work made use of a total of 170 epochs of observations obtained by the East Asian VLBI *zﬁgaiﬁlm 87E§¢%ilﬂ E;ﬁﬁﬂﬂ'r&i&ﬂ]

Network (EAVN), the Very Long Baseline Array (VLBA), the joint array of KVN and VERA

(KaVA), and the East Asia to Italy Nearly Global (EATING) network. In total, more than 20 HsE L BRAS AN RN A RERSNERR R BT SR ESMEKEE TSNS
tel the glob tributed to this stud

elescopes across the globe contriblted to this stuay. (Very Long Baseline Interferometry, VLBI) R7E20005EZE20225F79NIEHE, ATIM87
“This is an exciting scientific milestone that was finally revealed through years of joint obser- BRI EEEARIERRMER, EERRLR11E, FIESR10E, X—HSgS SR

vations by the international researchers team from 45 institutions around the world, working B VIR T R T, ASMAERIERNE" T, KRG
HE : iR RS, SERIBRBN" BTN, XIAF
together as one.” said Dr. Motoki Kino at Kogakuin University, the coordinator of EAVN e " e Bx Rl XTI

AGN Science Working Group. “Our observational data beautifully fitted to the simple sinus- REINIEEMET 2R P ORRAERNNNFZSZERPOBARERRIRSKRER, 7
oidal curve bring us new advances in our understanding of black hole and jet system.” M87 LR B ERETINNEE EWE) .

“While this study sheds light on the mysterious world of a supermassive black hole, it also
presents formidable challenges.” Remarked Prof. Yosuke Mizuno at Tsung-Dao Lee Institute,
Shanghai Jiao Tong University. The disk's structure and the exact value of the M87 super-
massive black hole's spin are still highly uncertain. This work also predicts that there are
more sources holding this configuration, which suffers more challenges to discover them.
The remaining puzzles require sustained dedication to multiple long-term observations and

detailed analyses, with no certainty of immediate rewards.

This pioneering research demonstrates the power of international collaboration and dedica-

tion to unraveling the universe's deepest secrets. As scientists celebrate this milestone, the

CUI YUZHU

journey to understand the enigmatic supermassive black holes continues, with each discov-

ery bringing us closer to unlocking the universe's most profound mysteries.

E1. AR EERNNEE, RRBRENEEHEER L, BERNAE/LFEETRR
BENERE, RRBEHARREZIEEMZ BNFE—EXA, BAMPMIORREEE, EF
IRFRENANEN BFENXRAERMARREMBRNEZ. (GKRIR: Yuzhu Cui et al.
2023, Intouchable Lab@Openversef1ZT3LH =)

EXRERFPONBARERR, REFHPRERMEESRHERIXAZ—. EM5IHE
R, BERAE "1z8#" XAEVMR, BENEEYREDCENSE "1TH" BIEHTFEFEU
Hb. AT, BARERR. RFREHER EREEERIHREFR? XE— RN THE
FHRMANFR—NSHCHMER. BRl, RIEERNZEZNECIAN, BRNAHERRE
BRUKIR, —MAsERNRERMNAFE#ZER R TR RS, SNSRI Z%—R
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Limits on the luminance of dark matter
from xenon recoil data

NERAEESHNEY RS ERR

@ PANDAX Collaboration

Nature 618 (2023) 47-50

It is commonly conjectured that dark matter is a charge neutral fundamental particle. Howev-
er, it may still have minute photon-mediated interactions through millicharge or higher-order
multipole interactions, resulting from new physics at a high energy scale. Here we report a
direct search for effective electromagnetic interactions between dark matter and xenon nu-
clei that produce a recoil of the latter from the PandaX-4T xenon-based detector. Using this
technique, the first constraint on the charge radius of dark matter is derived with the lowest
excluded value of 1.9 x 107°fm2for a dark matter mass of 40 giga electron volts per speed
of light in a vaccum squared (GeV/c2), more stringent than that for neutrinos by four orders
of magnitude. Constraints on the magnitudes of millicharge, magnetic dipole moment, elec-
tric dipole moment and anapole moment are also improved substantially from previous
searches, with corresponding tightest upper limits of 2.6 x 10-"" e, 4.8 x 107" Bohr magne-
tons, 1.2 x 1072 ecm and 1.6 x 1073 cm?, respectively, for a dark matter mass of 20-40
GeV/c2 .
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Efficient generation of collimated multi- RAMEA=EERREMNDIT N
GeV gamma-rays along solid surfaces

BREMDHELFEEMAR. EXNTIEFNE+EEEEMRSNABNME. BRI

@ Xing-Long Zhu, Wei-Yuan Liu, Min Chen, Su-Ming Weng, Dong Wu, Zheng-Ming Sheng, Jie Zhang RTINS, SETENRENAS A EEE LS SE SIS
Optica 10 (2023) 118 §itk. ETARBENEN—MERTEESSENDEILAIFG, HETERERBTICH

FRUNEERA SR EAERE TSI, EAEIERTRES, BFR5RIEBFEIR,

Bright gamma-ray sources are of great significance for fundamental research, medicine, and

industry. However, gamma-ray production by bremsstrahlung, Compton scattering, and syn- Rt SAEShEREREFRSH, YNAEMBIAEE1014V/m, SItFER, B
chrotron radiation is often subjected to large divergence, wide size, and/or low efficiency, FHESPZFTERIINEEERE, SRATEEE AR S RNNZERSERENT

making it difficult to achieve high-brightness gamma-ray sources. Here, we have found an

B%; FELCSFEPEERRIARIRZE—E IR, IMRAE7 QEDANFH L EENE=EMD
§i%. Hep, BRERCTFRETIANGeV BURTHETFRER)  EERUMERSIA60%LL

efficient mechanism to generate gamma-rays with, to our knowledge, unprecedented bril-

liance by use of an ultra-relativistic electron beam with nanocoulomb charge incident onto a

solid surface at grazing incidence. With this interaction configuration, extreme high qua- t. ZARERIER 7 BZQEDRE TR FREEMIBHEEIERIE, 4 TRIFTREHE
sistatic magnetic fields up to the gigagauss level or effective electric fields up to 1014 V/m EEEMDSEE, BESEIARR SR R TE,

are induced by the background electron backflows at the target surface. Subsequently, the

electron beam is strongly focused by such fields by over an order of magnitude to sub-

100
micrometer diameter, and its density is increased beyond the solid density; the induced ef-
fective fields are high enough to trigger quantum electrodynamics (QED) effects. These re-
sult in the production of extremely brilliant dense gamma-ray beams with photon energy = 5l
reaching multi-GeV, where the electron-to-photon energy conversion efficiency can exceed =
60%. This offers a promising route to push the beam-target interaction to the QED regime,
leading to ultrabright gamma-ray sources for various applications. 00 : == 550
 [um]
10" (c)
T 12
% — | = Initial beam
10 S | == - Final beam
= =TI
0 \
£, [GeV]
107 M B PP P
1 10! 10° 10°
& [MeV]
]

28 29


https://opg.optica.org/optica/fulltext.cfm?uri=optica-10-1-118&id=525371

- | RESEARCH ANNUAL
CHAPTER HIGHLIGHTS REPORT
= S = 20 2 3

A multi-cubic-kilometre neutrino tele- AR SR AN i F BT R (R S ik
scope in the western Pacific Ocean

PHFATEE, BSYRAERRMES, TRZMNEEXNFRER, BARKGTEH. BEF

& Trident Collaboration SRR OSSR, RAPHFEIARERIRE, FERERTORK (FK)
Nature Astronomy 7 (2023) 1497-1505 PR FEIRERIIRN, MREStSFEESHNaURAL.

Next-generation neutrino telescopes with substantially improved sensitivity are required to »

pinpoint the sources of the diffuse astrophysical neutrino flux detected by IceCube and un- ' Z’ o Y s oL ’

cover the century-old puzzle of cosmic-ray origins. A detector near the Equator will provide : e ""'-:M;)gl,:ﬁ_“o e

a unique viewpoint of the neutrino sky, complementing IceCube and other neutrino tele-
scopes in the Northern Hemisphere. Here we present results from an expedition to the
northeastern region of the South China Sea, in the western Pacific Ocean. A favourable neu-
trino telescope site was found on an abyssal plain at a depth of ~3.5 km. At depths below 3
km, the sea current speed, water absorption and scattering lengths for Cherenkov light were
measured to be v_c<10cms—1, A_abs= 27 m and A_sca = 63 m, respectively. Accounting for
these measurements, we present the design and expected performance of a next-
generation neutrino telescope, Tropical Deep-sea Neutrino Telescope (TRIDENT). With its
advanced photon-detection technology and large dimensions, TRIDENT expects to observe
the IceCube steady source candidate NGC 1068 with 5¢ significance within 1 year of opera-

tion. This level of sensitivity will open a new arena for diagnosing the origin of cosmic rays

and probing fundamental physics over astronomical baselines.

PBRBAFZEERRARFEANKSILRAS, BEAE, FERZERAKS, BRAKR
TRERE ZISIFARATSRIARAT, BRBERSULHEN, HREF2021549 B ttmEiEht
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RIEES P FEITFERITAVEREES, EREMaESIMEKkFEZRE, BERFTRINGC
10682 NEEMNFRHFRANE. BEEUTREE, MEMEKNER, TRIDENTHXLIE R
EXXR, SHRENERIKIZIEER (IceCube-Gen2) ERRIFNTS. HibXR, A1
B EENSEFERONNMEEE T,

 {700m

=21

ie |
|
1

Depth ~ 3500 m

30 31


https://www.nature.com/articles/s41550-023-02087-6

- | RESEARCH ANNUAL
CHAPTER HIGHLIGHTS REPORT

4

BiR=sa 2 0 2 3

Multicomponent superconductivity and
4-fermion phase with broken time-
reversal symmetry in Bai.xKxFez2As:

@ Vadim Grinenko et al.,

@ Nat Commun 14 (2023) 6734.

Science 380 (2023)1244-1247

The properties of superconductors are related to spontaneously broken U(1) gauge sym-
metry. Multicomponent superconductivity can spontaneously break more than one sym-
metry, including rotational and time reversal (Z2) symmetry, leading to new physical proper-
ties of the superconductors. An especially interesting situation arises when Z> symmetry is
broken above the superconducting transition temperature, TcZ; >TcU1. In this temperature
range, a 4-fermion (quartic) state forms, a coherent state of pears of Couper pairs. The Quar-
tic state is different from superconductivity, superfluidity, or magnetism and can open up
possibilities for new applications in quantum electronics due to their unique electrical and

magnetic properties.

An international research team led by scientists from Tsung Dao Lee Institute (TDLI), Shang-
hai Jiao Tong University, and KTH Royal Institute of Technology, Stockholm provided calori-
metric evidence for the 4-fermion state with broken time-reversal (Z2) symmetry [1]. The heat
capacity measurements show that the quadrupling of fermions forms a distinct phase sepa-
rated from the normal and the superconducting states by phase transition, at which Z> sym-
metry is spontaneously broken (Fig. 1a and 1b). Backed by experimental data from scanning
tunneling microscopy (STM) measurements, this work is the first thermodynamic evidence for
fluctuation-induced orders above superconducting transition in multicomponent supercon-
ductor Bai.KiFe2As:. The multicomponent superconductivity with non-trivial phase relation
between components is evidenced by observation of quantum fractional vortices in Ba:.
«KiFezAs; at the same doping level using scanning SQUID in our collaborative research with
Sandford University [2] (Fig. 1c and 1d).

The existence of the quartic phase represents a significant fundamental interest as it demon-

strates the possibility of having a new kind of long-range order in condensed matter systems
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that is distinct from superconductivity, superfluidity and magnetism. The authors anticipate
that the quartic phase will open a possibility for new applications in quantum electronics due
to its unique electrical and magnetic properties different from those of the superconducting

and the normal metal states.

“The quartic state in the Bai«K«Fe2As; system appears in a very narrow "window" of doping
level, and specific heat measurements are very sensitive to sample homogeneity. This repre-
sented a real challenge, says Vadim Grinenko from TDLI. Therefore, it took us a few years to
accumulate data from enough samples to convincingly demonstrate a double anomaly in the

heat capacity.”

"I expected that it would be nearly impossible to resolve in specific heat the transition to
electron quadrupling order because it was expected to be a very small contribution that can
be seen only in a very clean sample, says Egor Babev from the Royal Institute of Technology

in Stockholm. It is truly an outstanding experimental achievement.”
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Fig. 1 (a) Temperature dependence of the specific heat compared with the spontaneous
Nernst effect sensitive to T%. (d) The zero-field electrical resistivity and the Seebeck effect
reduce to zero at T.. (c and d) SQUID measurements. (c) fractional vortex carrying ~0.3 of
the flux quantum, and (d) conventional vortex appears in different cooling cycles in the same

area.
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Observation of Vector Boson Scattering in
neutral di-boson final states (ZZ and Zy)
and 1st total differential cross section
measurement

@ Shu Li, Kun Liu, Qibin Liu, Haijun Yang et al.

Nature Physics 19 (2023) 237-253

Electroweak Symmetry Breaking (EWSB) is one of the most important fundamental phenom-
ena and research focuses in particle physics. The Vector Boson Scattering (VBS) process is a
key to probe the EWSB mechanism and the Higgs mechanism in unitarization of boson scat-
terings, through the longuitudinal polarization components. Without the presence of Higgs,
the rate of VBS process would grow indefinitely with the collision energy. Besides, being one
of the rare processes in Standard Model (SM) Electroweak Sector, VBS provides not only
deeper understanding of SM, but also sensitive to BSM new physics through Vector Boson
Fusion (VBF).

The Large Hadron Collider has by far observed, with more than 5-sigma significance, the
VBS processes in di-boson pair final states: same-sign WW, opposite-sign WW, WZ and now
finally in ZZ final states for the 1st time at LHC by ATLAS experiment. It's an extremely chal-
lenging task due to the scarceness of the signal with high electroweak coupling orders and

in presence of large and irreducible QCD background in proton-proton collisions.

Such accomplishment has been widely regarded as “new milestone in the study of electro-
weak symmetry breaking” by the physics briefing of ATLAS collaboration (~40 countries,
~180 institutions, ~6000 members and ~2900 authors), as it for 1st time demonstrates the
evident signature of the di-neutral-bosons produced by pure EWK interactions at tree-level
in particular through VBS preferentially opposite to each other in direction along beamline,

striking a rare but remarkable footprint in ever measured SM processes.

W/Z+photon can be also produced through VBS and provide unique advantage for precision
test of SM EWK theory given the relatively larger rate. With careful estimation and sophisti-
cated optization against backgrounds, the Zy VBS process is measured for the 1st time at
ATLAS with way more than 5-sigma significance. More importantly, the precise measure-
ment is performed differentially to not only Zy VBS but also the total cross section of pp

Zyjj including electroweak and strong interactions plus interference in a well defined fiducial
volume for 1st time. Such measurements provide invaluable physical information to thor-
oughly and precisely examine all three fundamental interactions (Electromagnetic, Weak and

Strong) in SM all together at the same time taking into account interference effects, too.
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Discovery Alert: Webb Maps and Finds
Traces of Water in a Super-hot Gas
Giant ‘s Atmosphere

@ Xianyu Tan et al.

Nature 620, (2023) 292-298

WASP-18 b, seen in an artist concept, is a gas giant exoplanet 10 times more massive than
Jupiter that orbits its star in just 23 hours. Researchers used NASA's James Webb Space
Telescope to study the planet as it moved behind its star. Temperatures there reach 5,000
degrees Fahrenheit (2,700 °C). Credit: NASA/JPL-Caltech (K. Miller/IPAC)

There's an intriguing exoplanet out there — 400 light-years out there — that is so tantalizing
that astronomers have been studying it since its discovery in 2009. A year for WASP-18 b,
one orbit of star (slightly larger than our Sun), takes just 23 hours. There's nothing like it in
our solar system. In addition to observatories on the ground, NASA's Hubble, Chandra,

TESS, and Spitzer space telescopes have all been used to observe WASP-18 b, an ultrahot
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The discovery: Scientists identified water vapor in the atmosphere of WASP-18 b, and made
a temperature map of the planet as it slipped behind, and reappeared from, its star. This is
known as a secondary eclipse. Scientists can read the combined light from star and planet,

then refine the measurements from just the star as the planet moves behind it.

The same side, known as the dayside, of WASP-18 b always faces the star, just as the same
side of the Moon always faces Earth. The temperature, or brightness, map shows a huge
change in temperature — up to 1,000 degrees — from the hottest point facing the star to the
terminator, where day and night sides of the tidally-locked planet meet in permanent twi-

light.

Researchers made a brightness map, tracing the glow from hot regions of WASP-18 b as it
slipped behind, and reappeared from, its star. This event is known as a secondary eclipse.
Scientists can measure the combined light from star and planet, then measure the light from
just the star as the planet moves behind it. The plot is a light curve, the measured change in
brightness of a star as a planet moves in front of or behind it. The planet’s brightness map,
obtained using NASA's James Webb Space Telescope, allowed researchers to determine a
temperature map of the planet’s atmosphere. Credit: NASA/JPL-Caltech (K. Miller/IPAC)

“JWST is giving us the sensitivity to make much more detailed maps of hot giant planets like
WASP-18 b than ever before. This is the first time a planet has been mapped with JWST, and
it's really exciting to see that some of what our models predicted, such as a sharp drop in
temperature away from the point on the planet directly facing the star, is actually seen in the
datal’”’ said Megan Mansfield, a Sagan Fellow at the University of Arizona, and one of the

authors of the paper describing the results.

The team mapped temperature gradients across the day side of the planet. Given how much
cooler the planet is at the terminator, there is likely something hindering winds from effi-

ciently redistributing heat to the night side. But what is hindering the winds is still a mystery.

“The brightness map of WASP-18b shows a strong symmetry around the substellar point in
the east-west direction which is in contrast to models for other hot Jupiters. One possible
explanation is that the planetary atmosphere effectively interacts with the planetary magnet-
ic field and this suppresses the formation of a strong eastward jet stream. It is exciting to see
this effect directly from the thermal map!” said co-author Xianyu Tan, of Shanghai Jiao Tong

University.
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One interpretation of the eclipse map is that magnetic effects force the winds to blow from
the planet’s equator up over the North pole and down over the South pole, instead of East-

West, as we would otherwise expect.

Researchers recorded temperature changes at different elevations of the gas giant planet’s
layers of atmosphere. They saw temperatures increase with elevation, varying by hundreds

of degrees.

The spectrum clearly shows multiple small but precisely measured water features, present
despite the extreme temperatures of almost 5,000 degrees Fahrenheit (2,700 °C). It's so hot
that it would tear most water molecules apart, so still seeing its presence speaks to Webb's
extraordinary sensitivity to detect remaining water that survived. The amounts recorded in

WASP-18 b’s atmosphere indicate water vapor at various elevations.
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The team obtained the thermal emission spectrum of WASP-18 b by measuring the amount
of light it emits over NASA’s James Webb Space Telescope’s NIRISS SOSS 0.85-2.8 um
wavelength range, capturing 65% of the total energy emitted by the planet. WASP-18 b is so
hot on the day side of this tidally-locked planet (the same side always faces its star, as the
Moon to Earth) that water vapor molecules would break apart. The Webb Telescope directly
observed water vapor on the planet in even relatively small amounts, indicating the sensitivi-
ty of the observatory. Credit: NASA/JPL-Caltech (R. Hurt/IPAC)
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"It was a great feeling to look at WASP-18 b’s JWST spectrum for the first time and see the
subtle but precisely measured signature of water,” said Louis-Philippe Coulombe, a gradu-
ate student at the University of Montreal and lead author of the WASP-18 b paper. ""Using
such measurements, we will be able to detect such molecules for a wide range of planets in

1

the years to come

Researchers looked at WASP-18 b for about six hours with one of Webb's instruments, the
Near-Infrared Imager and Slitless Spectrograph (NIRISS), contributed by the Canadian Space
Agency.

"Because the water features in this spectrum are so subtle, they were difficult to identify in
previous observations. That made it really exciting to finally see water features with these
JWST observations!”” said Anjali Piette, a postdoctoral fellow at the Carnegie Institution for

Science who is one of the authors of the new research.

The discoverers: More than 100 scientists around the globe are working on early science
from Webb through the Transiting Exoplanet Community Early Release Science Program led
by Natalie Batalha, an astronomer at the University of California, Santa Cruz, who helped
coordinate the new research. Much of this groundbreaking work is being done by early ca-
reer scientists like Coulombe, Challener, Piette, and Mansfield. Associate professor Xianyu
Tan at the Tsung-Dao Lee Institute, Shanghai Jiao Tong University, contributed numerical

models and interpretations of the data to this study.

Proximity, both to its star and to us, helped make WASP-18 b such an intriguing target for
scientists, as did its large mass. WASP-18 b is one of the most massive worlds whose atmos-
pheres we can investigate. We want to know how such planets form and come to be where

they are. This, too, has some early answers from Webb.

“By analyzing WASP-18b’s spectrum, we not only learn about the various molecules that can
be found in its atmosphere but also about the way it formed. We find from our observations
that WASP-18 b’s composition is very similar to that of its star, meaning it most likely formed
from the leftover gas that was present just after the star was born,”” Coulombe said. “Those
results are very valuable to get a clear picture of how strange planets like WASP-18 b, which

have no counterpart in our solar system, come to exist.”
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Vacuum quantum fluctuations in gyro
tropic microcavity can induce a chirality-
dependent spectral shift of chiral mole-
cules

@ Qingdong Jiang et al.

@ Phys. Rev. Lett. 131, 223601

The notion of chirality dates back to 1848, when Louis Pasteur observed two crystals that,
similar to our hands, were mirror images of each other but could not completely superposed
on each other. Chirality is a basic concept of nature; many organic molecules in life only ap-
pear in one type of chirality, not the other. A pair of molecules that are mirror images of
each other are called enantiomers. Due to the similarity in physical properties of enantio-
mers, how to effectively identify and select molecules with specific chirality has become an

important key scientific issue.
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Qingdong Jiang's research group proposed that in a gyrotropic microcavity, vacuum quan-
tum fluctuations can lead to chirality-dependent energy spectrum shifts [1], as shown in sche-
matic diagram (a). Since the microcavity causes enantiomers of opposite chirality to have
different ground state energies, the reaction barriers they need to cross when participating
in chemical reactions are also different (see figure (b)). Therefore, this effect can be used to

effectively produce molecules with specific chirality through chemical reactions.

Exploiting vacuum quantum fluctuations to select molecules with specific chirality in chemical
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reactions is a promising research direction. At first glance, this may seem impossible be-
cause, by definition, a vacuum contains no matter, and therefore should not have an impact
on chemical reactions. However, this is not the case, because the vacuum is not completely
"empty". Quantum fluctuations in the vacuum lead to many famous phenomena, including
the anomalous magnetic moment of electrons, Lamb shift, Casimir effect, and atomic spon-

taneous emission.

In previous studies, it is generally believed that vacuum quantum fluctuations do not contain
any symmetry breaking information and can only induce the same energy level shift of enan-
tiomers, making it difficult to distinguish chiral molecules. However, in 2018, Qingdong Jiang
and Nobel Prize winner Frank Wilczek, chief scientist of the Tsung-Dao Lee Institute and pro-
fessor at MIT, proposed the concept of quantum atmospheric effects. The quantum atmos-
phere effect refers to the fact that symmetry breaking can be transmitted from materials to
their vicinity via vacuum quantum fluctuations. The vacuum in proximity to a symmetry-
broken material is referred to as its quantum atmosphere [2]. Since the quantum atmosphere
contains symmetry-breaking characteristics, the quantum state of the material or molecule
can be actively controlled by utilizing the quantum atmosphere of the material. This study
shows that the quantum atmosphere inside a gyrotropic microcavity can chirality-dependent

energy shifts, providing a new solution for the selective synthesis of chiral molecules.

This research work was completed under the guidance of Prof. Qingdong Jiang: Undergrad-
uate student Yanzhe Ke, as the first author, did an excellent job in analytical derivations; Har-
vard University postdoctoral fellow Zhigang Song, as the co-first author, provided important
calculations for support. This research was funded by Pujiang Talent Plan, Jiaotong Universi-

ty 2030 Plan, and Science and Technology Innovation 2030 Plan.

[1] Vacuum-Induced Symmetry Breaking of Chiral Enantiomer Formation in Chemical Reac-
tions, Yanzhe Ke, Zhigang Song, and Qing-Dong Jiang, Phys. Rev. Lett. 131, 223601 (2023)

[2] Quantum atmospherics for materials diagnosis,Qing-Dong Jiang and Frank Wilczek, Phys.
Rev. B 99, 201104(R) (2019)
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Supermassive Black Hole as Dark Matter
Accelerator for Testing the Forbidden
Dark Matter

@ Yu Cheng, Jie Sheng, Xiao-Gang He, Tsutomu Yanagida, Shao-Feng Ge et al.

@) Phys.Lett.B 847 (2023) 138294 Phys.Rev.D 107 (2023) 12,

The forbidden dark matter (DM) is a special type of DM candidates since their annihilation is
forbidden. Consequently, the forbidden DM cannot be probed by indirect detection via cos-
mic rays. Testifying the forbidden DM is a long-standing issue. The theorists from the Particle
and Nuclear Division, including two PhD students Yu Cheng and Jie Sheng, their advisors
Chair Professor Xiao-Gang He and Tsung-Dao Lee Fellow Shao-Feng Ge, as well as Chair
Professor Tsutomu Yanagida, proposed to use supermassive black hole (SMBH) as DM accel-
erator to reactivate the forbidden annihilation channel. Being accelerated to almost the
speed of light, DM can annihilate into Standard Model (SM) particles which overcomes the
issue of not being able to test the forbidden DM scenario. Based on this, this group further

propose concrete models to realize the forbidden DM scenario and a new scenario with res-

onance.
32
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As shown in the figure ahead, the current sensitive mass region of the DM direct detection is
at GeV scale and above. For sub-GeV mass DM, the direct detection does not provide
good sensitivity. In other words, light DM can have strong coupling strength with the SM
particles. However, the light DM usually is not compatible with a large coupling since this
combination cannot consistently explain the DM production in the early Universe. For the
DM production via the freeze-out mechanism, the DM relic density is proportional to the DM

mass but inversely proportional to the DM annihilation cross section. .
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Consequently, the coupling strength should also be small for light DM in order for the pre-
dicted DM relic density to be consistent with the observed value. For the freeze-in produc-
tion, the coupling strength cannot be too large either to void producing too much DM. Nei-
ther of them can work to cover the allowed parameter space in the upper-left corner of the
figure above.

The forbidden DM was proposed to fully explore the parameter space for sub-GeV DM with
both small mass and large coupling simultaneously. Usually, the DM annihilation cross sec-
tion increases with coupling strength. Consequently, larger coupling strength means larger
annihilation cross section which will lead to either too less DM via freeze-out or too much
DM via freeze-in. To solve this issue, one needs to suppress the DM annihilation cross sec-
tion via kinematical suppression while keeping large coupling strength. This can be realized
by requiring a relatively smaller DM mass. As shown in the Feynman diagram above, if the
DM mass (my) is smaller than the final-state particle mass (myd), the DM annihilation would be
kinematically forbidden. With higher temperature in the early Universe, the initial-state DM
particles would have enough kinetic energy to compensate the mass difference such that the
annihilation is partially activated. The annihilation cross section is tuned by the mass differ-
ence between the DM particle and the annihilation final-state particles. Even for large cou-
pling strength, the annihilation cross section can be small. The forbidden DM scenario very
intricately realize both small DM mass and a large coupling strength to exhaust the allowed

parameter space for sub-GeV DM. It opens a new area for the DM model building.

However, the temperature decreases with the Universe expansion. Even the kinetic energy
of DM particles cannot compensate the energy deficit due to mass difference between the
initial- and final-state particles. The DM annihilation is then forbidden in the Universe today.
Consequently, it becomes impossible to use the extra cosmic ray from the DM annihilation

to verify the forbidden DM scenario. How to test the forbidden DM scenario becomes a long
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-standing painful issue for this intricate theory.
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One theory group from the Particle an Nuclear Division, including two PhD students Yu
Cheng and Jie Sheng as well as their advisors Chair Professor Xiao-Gang He and Tsung-Dao
Lee Fellow Shao-Feng Ge, proposed the possibility that a SMBH can accelerate DM to reac-
tivate the forbidden annihilation [Phys.Lett.B 847 (2023) 138294 [arXiv:2211.05643 [hep-
phll] . The gravitational attraction of the SMBH is very strong and can significantly affect the
DM density profile in the galaxy. Closer to the SMBH, the DM density becomes higher and
the DM velocity also becomes larger. With the radius from the SMBH being comparable with
the BH horizon, the DM particles can be even accelerated to around the speed of light. This
allows the DM kinetic energy to be comparable with the DM rest energy which is large
enough to overcome the threshold of the forbidden annihilation. In other words, the SMBH

can serve as DM accelerator to make DM particles collider and annihilate into SM particles.

The SM particles from the DM annihilation also move fast, which is especially true for the
massless photons that can leave the central SMBH at the speed of light. Since the DM anni-
hilation happens outside the BH horizon, photons can escape from the gravitational confine-
ment in spite of gravitational redshift. Such photon signal can happen only around a SMBH
and can be observed with astronomy telescopes. Observing the DM annihilation signal only
around a SMBH but not anywhere else is a unique signal of the forbidden DM. This solves

the difficulty of testing the forbidden DM scenario by indirect detection.

We compare the Fermi-LAT gamma ray observation data (Black data points in the left panel
of the figure above) for the Sgr A* area around the Milky Way galaxy center with the theo-
retical predictions, including both the background only (black) and background plus signal
(red or blue). The result shows that there are two local best-fit points around the gamma ray

energies of 3GeV and 70GeV. Including the forbidden DM signal can improve the agree-
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ment between the theoretical predictions and the experimental data. Although the current
significance is not so high and needs further observational data to verify, preliminary analysis
shows the viability and importance of this method for testing the forbidden DM scenario.
Currently, this allowed cross section for the DM annihilation around SMBH can be as large as

10-25cm3/s which can predict the correct DM relic density (black line in the right panel).

Together with Chair Professor Tsutomu Yanagida, Shao-Feng Ge, Yu Cheng, and Jie Sheng
further propose a concrete model. Based on the Type-l seesaw mechanism proposed by
Prof. Yanagida back in 1979 for explaining why the neutrino mass is so tiny, the third right-
handed heavy neutrino is adapted to serve as DM candidate. This second paper

[Phys.Rev.D 107 (2023) 12, 123013 [arXiv:2304.02997 [hep-ph]]] completes a full circle
from phenomenological study to model building. Further more, we propose a new forbidden
scenario using the Breit-Wigner resonance mechanism which was originally proposed by
Prof. Yanagida in 2008 for explaining the positron excess observed in cosmic rays. With the
light mediator scenario replaced by a heavy mediator one, the DM annihilation can be sup-
pressed and effectively forbidden in the late Universe [[arXiv:2309.12043 [hep-ph]]] . Our

new forbidden scenario sigificantly extends the physical meaning of forbidden DM.

These three papers about the forbidden DM scenarios form a coherent series, ranging from
phenomenological observation signal and model building to further proposing a new forbid-
den DM scenario with resonance. With the research developing and broadening, our study

significantly enhances the study of forbidden DM.
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Finance Assistant g =ginpEd Secretary of the Director P

International Affairs Assistant ShEEEHIER

Research Collaboration and Educational Affairs Office ElfAISHLE

Sheng Li B Xiaogian Jin RN
Head FE Deputy Head, PR Manager BT (3R) SEEE
Jinghua Shi  AHE Lin Sun W

Research Assistant &R Project Manager of SRR ERASENE

International Cooperation (Sichuan Research Base Station

64

Yuanyuan Zhang 3KEEIRE

KREEMBTREFE Project Manager Of Big Science Facilities

Human Resources Office A3EED

Li Fu T # Lisha Duan EBARSS

Deputy Head BlEE  Administrative Assistant of AA KX ERFTERTEENTE

Jialin Yang BR ZiYang WenWang # F i &

Administrative Assistant of QS HEERAHIFEEES  Administrative Assistant of PN K TS
1TIENIE 1TIENTE

Office of Asset and Laboratory Management F=55LIEERDAE

Xiaojun Lu (52 Banghui Ni {RFBHE
Head =T IT Manager  {EERAEE

Kai Yuan = 2l

Asset Manager BrrEEEE

Research Project Assistants iRgR¢HEHATEH

Xiaohua Chen Brisete Yiyi Cheng B22
Meng'an Ding TER Yinghui Gao SiliE
Lingwen Xiao HiESE Lan Yang % %
Wanfen Zeng B Tao Zhao ® iF
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Ph.D. Graduates {&1Eedr4

Shuaijie Li FIp7R Heng Lin Y
Wanyun Su D= Jin Sun i
Yaoyao Zong FIEE

Former Postdocs EiiiEtE

Masataka Aizawa Cheng Chen i =2

Yuzhu Cui EEM Boyuan Li iR

Weikang Lin WER Xiaodong Ma E=T]\b:5

Yanyan Shangguan  LEifif Cuiying Song SR MAIN
Jinwei Wang T&E Zhen Wang T IR

Zhipeng Xing FBREHAS Hao Yang m i E VENT S

Shuai Zha & Zhelin Zhang  3KEEH LT LAALL L L N FEED
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£# a1

Jan
TDLI Astro-Division 2023 Winter Camp

TDLI Astro-Division 2023 Winter Camp

¥Hi§ﬁ}}§iﬁﬁ2023£ﬁii§§"§ LY

L S ERRNARER2023FELSE

March

Jinpeng Huai, Minister of Education Inspects TDLI
B BRI IS A= BUE A7 T

Yudong Zhang, Vice Minister of Science and Technology
Inspects TDLI

RSB RIE MK AR = BUE A 53 AT

Workshop on Muon Physics at the Intensity and Precision

Frontiers (MIP 2023)
ERENSEERNREFIEHYS

Duo Liu, Vice Mayor of Shanghai Inspects TDLI
LEmRIMRXISEREBER T

68

June
Topics of Particle, Astro and Cosmo Frontiers (TOPAC 2023)

RIFHIE, RIAMFHFRIGRETIS

J une - Quantum Connections Session XI:
Physics Summer School
Quantum Connections in Sweden-11 Summer School QUANTUM FRONTIERS

MARKING 50 AND 100

IR BT EHIFR

J Uly JOINT TDLI & INPAC SUMMER SCHOOL
IN PARTICLE PHY' 3
Joint TDLI & INPAC Summer School in Particle Physics 2023 16-20 July, 202

2023FFZFAT. RIFFTEASHIFEBHIFR

July

18th International Conference on X-ray Lasers

%1/ \BERXGTEHNE RS

Aug
TDLI-PKU BSM Workshop 2023: Looking to the Sky

FRT- It R &

LOOKING TO THE SKY

2-4 Aug 2023
Tsung-Dao Lee Institute

69
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Aug
LAP Workshop 1

FETREXFETICS

The 1st onsite workshop of Youth Forum for
Quantum Magnetism

BEETFHMSFICIR

JUST Spectroscopic Telescope Project Launch Meeting and

JUSTHE BRI B S a2 BRI SORUT S

Mini-Workshop on Anomalies at the LHC
RELEFIHENSENS/ NS

The 2023 Shanghai Symposium on Particle Physics and
Cosmology: Phase Transitions, Gravitational Waves, and Colliders
(SPCS 2023)

20235 Ligh FYREIFHFERMIR: 18R, 5IDRMHEN

70

- —

SJTU Physics and Astronomy held the first meeting of the
Strategic Planning Committee

EERBRFES A FMBFEEAIIZREE—REW

Oct

Director Jie Zhang Elected President of Shanghai Municipal
Association for Science and Technology

AR HIE EigThRHAER

The 2nd Shanghai Assembly on Cosmology and
Structure Formation

BRLEFHFSEN RS

Nov

FUiHi®
‘TSUNG-DAO LEE INSTITUTE

TDLI mini-School on Seven Weapons of Quantum Integrability

FRUVNELRIE: KT EFARMRI TS

[\ [}Y;

Wilczek's Lectures:Advanced Topics in Theoretical Physics

Wilczek RFIHHEE: EICYIIRFRIRTAIE

7
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I [\ fo}Y;

ShERELHCYIEES

23¢11316H-20H
AE

S The 9th China LHC Physics Workshop (CLHCP2023)
SNBPELHCYEES

\\fo}Y;

Lectures on Topological Classification of Quantum
Materials

BRONHEE: EFRE9RIMIZE

2023 Annual Meeting of TDLI International Advisory Committee
FRENRAT2023FEERFAESARREZN

Nov

Jun Ye Gives a Lecture on SJTU Foresight Forum

HEHERK ETta

[\ [}

Qun Chen, Vice Chairman of China Democratice League
Inspects TDLI

REFREER. LEHBEMEIER. REHZEZRMFREET
ZRUEARAT

72

[\ fo}Y;

NO.2 Trident Science and Technology Crossroads Forum
BRESRRHRXItIn

2023 4K / o wswe

Nov

Trident Science Forum

BRRIFIRIR 20235%
BEAIRIA

Dec

The 32th Texas Symposium on Relativistic Astrophysics

FE32[ETexastBXERIMIIBRF TS

Dec

Tianyu Workshop |
F—HXEMIS

Mini Workshop on Planet Formation and Exoplanets

TERRSHRIMTENETITS

73
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BHR:EA L, AArali i

faciedi e STRCESE 2023 STJU International Young Scholars Forum on Physics and As-

ElFEFESEiEE tronomy
2023 %12R298

kit 20235 EBRBAFYIES AN FRERSFFEICIE

NET

Jining Chen, Municipal Party Secretary of Shang-
hai Inspects TDLI

| _EhERICGE MRS

Dou Xiankang, Director of NSFC Inspects TDLI
EREARFESEHIEERAAFBIEMRT
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Ongoing Projects by the End of 2023 #ZE2023F[R/EHIRE

Resources

IEXIR

Category
IIEESS]

# HOST =

Project Name

IE&BR

@ PARTICIPATE 25

Period

FELER(E]

No.
yig

Donglian

1 Xu

RIREH

Shu Li

Xiaoxue
3 Liu

XURE @

Ruidan
4  Zhong

iRl

Mizuno
Yosuke@

Ministry of Sci-

ence and Technol-

ogy
RIZRAEB

Ministry of Sci-

ence and Technol-

ogy
R

Ministry of Sci-

ence and Technol-

ogy
MR

Ministry of Sci-

ence and Technol-

ogy
MR

Ministry of Sci-

ence and Technol-

ogy
RIZFRAED

National Key
Research and
Development
Program
EREmRLT
M——+R/ AR}
FRERNATR

National Key
Research and
Development
Program
ERERFAT
H——tPhH/ AR
FREANATIR

National Key
Research and
Development
Program

ERE AT
H——t IR/
i3

National Key
Research and
Development
Program
ERERAALT
H—— R/
Az

National Key
Research and
Development
Program
ERERATLI-
EfrS (/BRI
PRl B S/
RERHREIIEE
BEREm

76

R&D of the TRIDENT

prototype string

FEET ISR
(Bt B A

Test of Standard Model and
Higgs Mechanism and
Search for New Physics using
the High Luminosity Data of
ATLAS Experiment: Electro-
weak Precision Measure-
ments
ETATLASS = BRI tRE
BREFIHiIggsHHI S
B EISERUEHR

Manipulation of the
transport properties of two-
dimensional spin-correlated
matter states

12 S N Ty e e U
=

Various anomalous Hall ef-
fects caused by berry
curvature in topological
insulating matters
MG R ERE FH Berry R
SRS REEREN

Theoretical study of the phe-
nomenon of high-energy
body outbursts

SREANR ARSI

2022-12-01

2025-11-30

2023-12-01

2028-11-30

2022-12-01

2027-11-30

2021-12-01

~

2026-11-30

2023-07-01

2026-06-30

10

Xiaogang
He

/) \pU#

Shu Li

Tsutomu

Takano#

Donglian Xu

RIRTEH

Resources

(=PRI

NSFC
ERERHFES
L

ZR5

NSFC
ERERHFES
-

ZR=

NSFC
EREXHNFES

ZRe

NSFC
EXRERHFES

ESES

NSFC
EREXHFES

ZRe

Category

I{SESS]

Major Program
(Sub Program)

BEXWE (FR
&)

Specialized Pro-
gram

LTI (REHR
R)

General Program

ELE

General Program

ELE

General Program

[l =

77

Project Name

I{=E

Phenomenological studies of
dark matter (DM) and neutrino

B AOMESR AT

R&D on the key technolo-
gies for a dark photon
search experiment at the
SHINE facility

ET LiSfXSI&LEmE TR
FENE RSO KR
RFHAZ

Low-energy supersym-
metry and its phenomenol-
ogy

{EEEEXNTRR EHIISRE

Physical properties of the
superfluid and metallic
states of “emergent Bose
liquid”

TTERERE BRSkE
[BESZADERR

Exploring the extreme Uni-
verse with neutrinos and
multi-messengers

B P F IS EER TR
FH

Period

R LA

2021-01-01

2025-12-31

2022-01-01

2024-12-31

2022-01-01

2025-12-31

2023-01-01

2026-12-31

2022-01-01

2025-12-31
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Ongoing Projects by the End of 2023 #ZE2023F[R/EHIRE

13

14

15

Resources

(=P

s e NSFC
Kim Siang .
EREAREEER
Khaw# R
=
Masahiro AIAC .
; EREAREZEER
Ogihara# R
=
. NSFC
Mizuno .
EREAREEER
Yosuke# PR
ray

Jianda Wu NSFC

ERERHFESR

= N

ZhenyuZhu  NSFC

ERERHFESR

KEFH Ae

Category
IE5]

General Program

[El U=

General Program

[El U=

General Program

[El U=

General Program

ELIE

Young Scientists
Funding

SERIFESTA
(BFH)

78

# HOST =

Project Name

I{=E

Hunting for new physics at the
intensity frontier with the muon
anomalous magnetic moment

BB FREHEEEERTASH
e

Multidisciplinary study of the
formation of hot super-
Earths and sub-Neptunes
AT RNEFRTENTEEE
B R RERIR S AR

Numerical study of astro-
physical black hole and rela-
tivistic jets in Event Horizon
Telescope era

BN R E TR R AR
RRAEREEERATAUER R

Research on the dispersion
and decay of quantum E8
particles

ETFESNFHIBHNREHNR

Binary quark star merger in
the multi-messenger astron-
omy era

BEERNF RIS REH

AR

@ PARTICIPATE 25

Period

FELER(E]

2021-01-01

2024-12-31

2023-01-01

~

2026-12-31

2023-01-01

2026-12-31

2023-01-01

~

2026-12-31

2023-01-01

2024-12-31

Ke Hu
16
# a#
Xinglong Zhu
17
KXt
Xiangyi Cui
18
RS
Hao Yang
19
L
Gang Yao
20
ok

Resources

IEXIR

NSFC
EREXRNFES

=
émr

NSFC
EREARFES

EAC

NSFC
EREANFES

=
émr

NSFC
EREXRNFES

ESAES

NSFC
EREANFES

==L
ZN=

Category

IG{SESS]

Young Scientists
Funding

SEREFEEME
(&FH)

Young Scientists
Funding

SEREFEEME
(&FH)

Young Scientists
Funding

SEREFEEME
(&FH)

Young Scientists
Funding

BERFEETE
(BFH)

Young Scientists
Funding

BERFEETE
(BFH)

79

Project Name
IE&R

Spin-orbit interaction of light
and high-harmonic generation
in a laser-irradiated plasma
waveguide

EEESE HRRS ETRDE
FEIE-HEEE ERUARERE
B

Study of gamma-ray emis-
sion enhancement via in-

tense laser-driven plasma
structured targets

SRR NN R T
SEMDIBETF-AE R

Study of the Kr-85 and Rn-222
distillation efficiency in the Pan-
daX-4T experiment with the trace

method

YtPandaX-4TSCRS85FIE2221F
57y B SRl

Detection of multiple ma-
jorana zero modes in super-
conducting topological crys-
talline insulator Sn1-xPbxTe
FEBESIHRHINRREGRSN1-
xPbxTerriRilIZZEMajorana®
HEtE

Upward curvature of the
critical field in FeSe film
investigated by in situ two-
coil mutual inductance and
scanning tunneling micros-
copy

B RN B B REF
HEhFE BRIt FeSe B
IERERIRFIH T

Period

FELER(E]

2023-01-01

2025-12-31

2023-01-01

~

2025-12-31

2023-01-01

2025-12-31

2022-01-01

2024-12-31

2022-01-01

2024-12-31
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22

23

24

25

Resources

IEXIR

EREARFEEE

EREARFES

EREANFEEE

EREANFES

Zhen Zhu NSFC
K B# Be
Masahiro Ogi- NSFC
harat#
Be

Takenaka NSFC
Akira#

ira Be
Shu Li NSFC
= (@) 22
Zhen Pan NSFC
& = R

EREANFEESR

Category
5!

Young Scientists
Funding

BERFEETE
(BFH)

Research Funding for
International Scien-
tists
HNEFETRREEIN
BANEIRFEEERE
HRESTE

Research Funding for
International Scien-
tists
INEFERRESTR
B/SNEBFFERR

Research Fund for
International Young
Scientists

B (tX) &fF532
e

Research Funding
for Excellent Young
Scientists (Oversea)
MEEERFEEIR
B (8

80

# HOST =

Project Name

I{=E

STM study of segmented
Fermi surface of Bogoliubov
quasiparticles and Majorana
zero mode

Bogoliubov/ EREEKERIZAK
RAP DRI N REERISTMER

=g

F

Formation of hot super-Earths

and sub-Neptunes around low-

mass stars
REREEERENEEF ST
0K,

Development of methodology
for high precision energy meas-
urement in the JUNO experi-

ment
JUNOSEeHSHREREENETTiA
BFFR

Measurement of the Vector Bos-

on Scattering Orocess and Search

for New Physics with the ALTAS
Detector

ATLASSEES Fi A tREmt TR
FSHEmmE

Features and applications of
gravitational wave emissions

from compact binaries
BEERGAS | AR
Rz

@ PARTICIPATE 25

Period

R LA

2022-01-01

2024-12-31

2023-01-01

2024-12-31

2023-01-01

2024-12-31

2021-01-01

2025-12-31

2023-12-19

2026-12-19

26

27

28

29

30

31

a2

Baiging Lv

= ([

Jinbo Peng

FER#

Xiaoxue Liu

XUpeE#

Longqing Yi

SR

Fabo Feng

DA

Shu Li

Resources

IE¥R

NSFC
EREXRNFES

==L
2=

NSFC
EREXRNFES

ESAES

NSFC
EREAHNFES

==L
2=

NSFC
EREXRNFES

ESAES

NSFC
EREXRNFES

=24
ZN=

NSFC
EREARFES

ESAES

Category

IISESS]

Research Funding
for Excellent Young
Scientists (Oversea)
MEEFRFES
B (851

Research Funding
for Excellent Young
Scientists (Oversea)
MESFRFEE
B (&M

Research Funding
for Excellent Young
Scientists (Oversea)
RESFRIFEEM
8 (&)

Research Funding
for Excellent Young
Scientists (Oversea)
MBEEFRFEE
B (&)

Research Funding
for Excellent Young
Scientists (Oversea)
MEBFRFES
B (851

Research Funding
for Excellent Young
Scientists (Oversea)
RESFRFEE
8 (&)

81

Project Name

IE&R

Investigation of the characteristic
electronic structure of novel
quantum states

R IR TR

Atomic-scale detection of non-
equilibrium dynamics

PSSR RER

Quantum transportation in
low-dimensional electronic

systems
B FRANET RIS

Laboratoary astrophysics
study based on high-power
laser interacting with micro-
structured targets

BT Rt St g aIste
EXRVRIEERT

Search for Earth 2.0
SHEANMHBER

Standard Model measure-
ment and Beyond Standard
Model new physics search at
the High Energy Frontier
SREERNIVEREINE S8
AR EREN RIS

Period

e LLATE)

2023-06-01

2026-05-31

2023-01-01

2025-12-31

2023-01-01

2025-12-31

2022-01-01

2024-12-31

2022-01-01

2024-12-31

2019-03-01

2024-12-31
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34

35

36

37

i

Aming Chen

FRIRE#

Jiawei Liu

BHER#

Hongzhe
Zhou

[EES#

Yong Du

B

Hanghang
Ma

TATH#

Zhenyu Zhu

KEF#

Resources

(=P

China Postdoctoral
Science Founda-
tion

HEFETEES

China Postdoctoral
Science Founda-
tion

HEELEES

China Postdoctoral
Science Founda-
tion

HEETEES

China Postdoctoral
Science Founda-
tion

HEELEES

China Postdoctoral
Science Founda-
tion

HEELEES

China Postdoctoral
Science Founda-
tion

HEELEES

Category

IG{SESS]

Special Funding
Ll

General Program
H_ERE

General Program

H_ERE

General Program

[l

General Program
[ElwlE]

General Program
[N

82

# HOST =

Project Name

I{=E

Multi-wavelength studies of
gamma-ray binaries

IS E TR RERSIAR

CP violation in charmed bar-
yon nonleptonic decays

RZETFHHFRREHAICPHIR

Mechanisms of Nonhelical
Large-scale dynamos and
Applications in Accretion
Models

FORHEREA REA A ATHLHIER
RRFERFRE RO

Precision free neutron lifetime
calculation and its impact on the
standard models of particle
physics and cosmology

Bl A SRR
RIS B T e
SIS

Study on multi beam effects
in parametric instability de-
veloped in large-scale plas-
ma
ARESEFHAPSENSEY
HIZS RIS

The study of multi-messenger
signal from binary quark star
merger

VEREAGHSEEEESHA

@ PARTICIPATE 25

Period

FELER(E]

2023-08-18

2024-12-31

2023-11-27

2025-06-25

2023-08-01

2024-07-31

2023-07-26

~

2025-07-26

2022-12-09

2024-01-01

2022-09-20

~

2024-09-19

38

39

41

42

43

Name

2

Kaiming Cui

TR

Zhenyu Zhu

REF#

Yuzhu Cui

EE#

Shuai Zha

B m#

Donglian
Xu

RIREH

Mizuno

Yosuke#

Resources

(=PRI

China Postdoc-
toral Science
Foundation

HEELEES

China Postdoc-
toral Science
Foundation

HEELEES

China Postdoc-
toral Science
Foundation

HEFETEES

China Postdoc-
toral Science
Foundation

HEELEES

Shanghai Science
& Technology
Commission
EETRSRAS

=.A
=

Shanghai Science
& Technology
Commission

=24
=

Category
IIEESS]

General Program
HETE

General Program
E LT

General Program

B LT

General Program

[EN =

Science and Tech-
nology Innovation
Action Plan

R TEm L/
ERtiEFR

Science and Tech-
nology Innovation
Action Plan

RHR I TaITR/
EhHiEAR

83

Project Name

JGSE

Deep learning-based detection
of transiting exoplanet
EFREFINFINTERERE
SRR

Probing the properties of
quark stars through multi-
messenger astronomy

ETSEERERRERE
i85S

Estimation or derivation of
the constraints on BH spin
based on the mas-scale jet
variation

FFRZADREEGEEIR
RO AN LT AR
ERRIEESH

The Explosion Mechanism of
Core-collapse Supernovae
Based On Quark-
deconfiment Phase Transi-
tion

ETSrRAIARRRE
EHERA IR

Detecting multi-frequency
neutrinos

SRR FIRUAT

Numerical investigation of
theory of gravity by astro-
physical black hole shadow

FRRAYIER RS AEE
AZS I DERE

Period

FELER(E]

2022-09-15

2024-09-15

2022-09-08

2024-09-07

2022-09-07

2024-09-07

2022-09-01

2024-08-31

2022-10-01

2025-09-30

2022-12-01

~

2024-11-30
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45

47

Shu Li

Kim Siang
Khaw#

Baiging Lv

=i(El

Hao Zhou

B &

Xiaoxue Liu

XUBeE#

Resources

(=P

Shanghai Science &
Technology Com-
mission

P
=

Shanghai Science &
Technology Com-
mission

L
=

Shanghai Science &
Technology Com-
mission

D

=

Shanghai Science &
Technology Com-
mission

L
=

Shanghai Science &
Technology Com-
mission

L
=

Category
IIEESS]

Special Program
for Basic Research

BT Xt

Special Program
for Basic Research

BT T

Original Exploration
Project
[REIREIE

Natural Science
Funding
BEARFES (BT
)

Pujiang Talent Pro-
gram

LR IAA LT
WW/AZ (RIFFFAR

%)

84

# HOST =

Project Name

I{=E

R&D on a dark photon
search experiment with a
novel approach based on
high-frequency electron
beam energy&momentum
loss

ET S FEKREEIE75A
B F SRR

A study of muon scources
based on Shanghai SHINE
facility’ s accelerator elec-
trons

EF EiESHINEXBMERESE 7
HZFIRHR

Manipulation and braiding
possibilities of Majorana zero
-energy modes in iron-based
superconductors

SREB SR DETRIATHERAT
ARSRABERR

TeV gamma-ray sky survey with
LHAASO-WCDA data

ETFLHAASO-WCDARAERS
BEMISEEACR

The experimental study of
interlayer exciton conden-
sate in graphene hetero-
structures
ETASHRAGNE DTSR

s

@ PARTICIPATE 25

Period

FELER(E]

2021-11-01

2026-10-31

2022-11-01

~

2026-10-31

2023-04-01

2026-03-31

2021-04-01

~

2024-03-31

2022-10-01

2024-09-30

i

Xiaogang
49 He

/NI

Hong Ding
50

T it

Resources

(=PRI

Shanghai Science &
Technology Com-
mission

D

=

Tencent
Foundation

BREES

Category

IG{SESS]

Local Supporting
Funding
ExREEREIT
IE tigmityske
E

Beginning Operating Projects in 2024 20245 /E501E

Name

Xiaogang
1 He

AN

Michael
2 Ramsey-
Musolf#

Vadim

Grinenko#

Resources

IEXIR

NSFC

EREARFES

RS
NSFC

EREARFES

EAC

NSFC

EREANFES

=
%D&E

Category
IIEESS]

General Program

ELEIE

General Program

E LT

General Program

B LT

85

Project Name

I{=E

Phenomenological studies of
dark matter (DM) and neutri-
no

BN F ISR F AR

New Cornerstone Investiga-
tion Program

EOHRRIE

# HOST E#F

Project Name

I{=E

High precision tests of
standard model and beyond
for electroweak interactions
at low energies

EEERAERSSEEFRNEE
USRS

Studies of the Electroweak
Phase Transition

FESSTEAREAR

Effect of dimensionality on
fermion pairing and quadru-
pling states in multicompo-
nent superconductors
HENSHEESHFER TR
XIFNPES EAARSAIRG

Period

FELER(E]

2021-01-01

2025-12-31

2023-01-01

~

2027-12-31

@ PARTICIPATE 25

Period

R LA

2024-01-01

2027-12-31

2024-01-01

~

2027-12-31

2024-01-01

2027-12-31
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Beginning Operating Projects in 2024 20245 [S50IE # HOST E§F @ PARTICIPATE &5

BE

Shaofeng

4 Ge

Bapg#

Jinbo Peng

FER#

Ruidan

6 Zhong

HhinfH#

Baiging Lv

UL

XiaoXue Liu

XUBEE#

Resources

IEXR

NSFC

EREAHFES
P

ESRES

NSFC

EREARFES

ZRe

NSFC

EREARFES

ZRe

NSFC

EREXHFES
P

ZR=

NSFC

ERERHFES

ESAES

Category
IISESS

General Program

B LT

General Program

E LT

General Program

B LT

General Program

[EN =

General Program

B LT

86

Project Name

INE&R

Threshold Related Theoreti-
cal and Phenomenological
Studies of Dark Matter
EHEAE R IR RIS

=g

7

Probing the carrier dynamics
in 2D semiconductors with
ultrahigh spatio-temporal
resolution
“HESAERTINFIES
== HHR

A study of quantum mag-
netism in a novel Kagome
lattice material
MEEERESRIREREEF
BEMERRS

Sr2Ru0O4 unconventional
superconductor: multimodal
manipulation (strain and
ultrafast laser) and the char-
acteristic electronic structure
investigation
Sr2RUOAHFENESAIIES
R R SRR 4519
AR

The quantum transport study
on superconductivity in gra-
phene multilayers

AR RTESSEENET
ENESIREAR

2024-01-01

2027-12-31

2024-01-01

2027-12-31

2024-01-01

2027-12-31

2024-01-01

~

2027-12-31

2024-01-01

2027-12-31

10

11

12

13

Name

a2

Qingdong
Jiang

BIRERH

Hanghang
Ma

Can Li

Jli#

ot

Luca Vis-

inelli#

Gwenael
Thibaud
Giacinti#

Resources

IEXR

NSFC

EREARFES

ZRe

NSFC

EREAHFES

RRE

NSFC

ERERHFES

ESAES

NSFC

EREARFES

ZRe

NSFC

ERERHFES

ESAES

Category

IISESS

General Program

B LT

Young Scientists

Funding

BFRFESTE
(BFH)

Young Scientists

Funding

BFRFESTE
(EF)

Research Funding
for International
Scientists
INEFETHRESIT
B/ANEEBES
EZtrEemE

Research Funding
for International
Scientists
INEFETHREEIN
BN S S
ETFREEIE

87

Project Name

INE&R

Manipulating Quantum
States of Matter with Micro-
cavities

KT BRHEREEE TS
ECHR

Study of impacts of para-
metric instabilities on the
radiation symmetry in the
inertial confinement fusion

SENMSEMEICFREo R
XIFRAERISMERT

Interplay between quantum
nanomagnets and supercon-
ductors
FUFASPMAS & FHEASHESHAR
EFRRHEERLRRATA

Astrophysical Axion Laborato-
ries

Calculation of the Galactic
gamma-ray emission at very
high energies
THEAFESREE THYRITERM
=N

2024-01-01

2027-12-31

2024-01-01

~

2026-12-31

2024-01-01

2026-12-31

2024-01-01

2025-12-31

2024-01-01

2025-12-31
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Beginning Operating Projects in 2024 20245 [S50IE # HOST E§F @ PARTICIPATE &5

Resources Category Project Name

IE¥R IGIEESS IE&R

14 Vadim
Grinenko#
Tran Van
15
Que#
Jianglai Liu
16
NI Tk#

Completed Projects During 2023 2023FERHE

Name

Shu Li

Zz Ho

Shu Li

Zz Ho

NSFC

EREANFES

==L
2=

NSFC

EREARFES

EAC

Tencent
Foundation

BREES

Resources

(=P

Ministry of Sci-
ence and Technol-
ogy

RIFRAED

Ministry of Sci-
ence and Technol-
ogy

RIF AR

Research Funding
for International
Scientists

HNEFEAREEIN

B/ANEFEEFF
EfrESIE

Research Funding
for International
Scientists

HNEFERRESIT

B/ANEEFFETR
RESIE

SR E

Category

IG{SESS]

National Key Re-
search and Devel-
opment Program

ERER A

National Key Re-
search and Devel-
opment Program

ERER AT

88

Spontaneous magnetic fields
and vortex clustering in super-
conductors that break time-
reversal symmetry
ESAPR R R RIS
B T Bl EERIRRIE

Exploring the interplay be-
tween gravitational wave
and future collider signals

BRI DRESRFIHEES
ZIERSEE(ER

New Cornerstone Investigation

Program

HEOHRRNE

# HOST =F#r

Project Name

JGSE

Measurements and Searches
for other Beyond Standard
Model New Physics

TV ERRES N SR B R
AR S

Analogue Hadronic Calorim-
eter technology R&D and
Demonstration

PR{EELE T B RERRRRIRIE

2024-01-01

2025-12-31

2024-01-01

2024-12-31

2024-01-01

2028-12-31

@ PARTICIPATE 25

Period

FELER(E]

2018-05-01

2023-04-01

2018-05-01

~

2023-04-01

Jie Zhang

3K A

Michael
Ramsey-

Musolf#

Xiaogang
He

)\l

Cuiying
Song

RERZEH

Yuichiro

Nakai#

Resources Category Project Name Period
InEkIR II=ES3] INEEFR e LEAA)
Extreme states of matter -
NSFC Specialized Pro- emerging frontiers in inter- 2023-01-01
o gram disciplinary research ~
ERBARFES
=52 R U] RIRIS-FXENERNFR  2023-12-31
ray
FIEAF
NSFC 2020-01-01
General Program Electroweak Phase Transition
ERBARFES [El= S EE551ET
£52 2023-12-31
NSFC Phenomenology of Abelian and 2020-01-01
General Program Non-Abelian Dark Photons
ERBARFES [EN S| e TR/ JATH FRe] DU/ FHESR R
ZR= % 2023-12-31
- Seenfists The evolution of massive
'oung Scientis
NSFC g stars and the formation of 2022-01-01
Funding |
. ong gamma-ra ~
EREANFES  BERSEemEE oo
A 40 AEREERERIAKESRS] 2023-12-31
ray
ZRIR
Research Funding . .
for International Unified solutions to the
or Internationa
NSFC o origin of mass and the 2022-01-01
Scientists trong CP problem
. s ~
EREANSES  EPETRESR o oo
N . " REFCFARCPEIARRRNS  2023-12-31
ERES B/ANEIEBES R
— H¥L
EFRELTE -
89
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Completed Projects During 2023 2023FR B4

Resources

Category

# HOST =

Project Name

@ PARTICIPATE &5

Period

Resources

Category

Project Name

Period

10

11

12

Chen Xia

B B#

Chuanyang
Xing

FRfERE#

Hao Yang

W ia#

Xinglong
Zhu

RAH#

Zhipeng
Xing

TR #

IEXIR

NSFC

EREARFES

=.A
éﬂlﬁ

NSFC

EREARFES

ESAES

China Postdoctor-
al Science Foun-
dation

HEELRES

China Postdoctor-
al Science Foun-
dation

HEELRES

China Postdoctor-
al Science Foun-
dation

FrEELEES

(=S5

Theoretical Physics
Research Project

YR E e

Theoretical Physics
Research Project

LS LSS NS

General Program
[El S|

General Program

[EN =

General Program
HEIE

90

I{=E

Theoretical and phenome-
nological studies based on
PandaX experiments
PandaXtEXAIREA) ERERCHNE
SR

Generation detection signals
of dark matter in celestial
bodies

EIRER A=A SR

=5

Detection of multiple ma-
jorana zero modes in super-
conducting topological crys-
talline insulator Sn1-xPbxTe
FEESAPRINBIREERIRSN 1 -
xPbxTerd#RIZZEMajorana
TRets

Study of ultrahigh brilliance
gamma-ray radiation

BE=EI DR ERR

The study of heavy flavor
baryon transition matrix
element in QCD
BERETSEETAMAETIET
BMHERR

R LA

2023-01-01

2023-12-31

2023-01-01

2023-12-31

2021-06-30

2023-06-30

2021-04-29

2023-04-28

2023-01-05

2023-09-15

13

14

15

16

17

18

Jianda Wu

SREk#

Longqing Yi

I

Qingdong
Jiang

BIRAR#

Donglian
Xu

RIREH

Jie Zhang

Jie Zhang

(=P

Shanghai Science &
Technology Commis-

sion

EEHRIFRARRS

Shanghai Science &
Technology Commis-
sion

LEHRIFRARRS

Shanghai Science &
Technology Commis-
sion

EEHRIEFRARRS

SJTU

Eigaex

CAS

hERFE

CAS

hERNFR

IG{SESS]

Natural science
funding
BEAREFES (BF
)

Pujiang talent
program
LishimIAZ T
/AR (RIEFFA
%)

Pujiang Talent
Program
LismEIAAT
WA FRIFFAR

%)

Frontier Exploration
Program

A ENEBHE
ToR/ANERR

Consulting Project
IS

Consulting Project
S|

91

JGSE

Spin dynamics and many-
body excitation in quantum
critical transverse field Ising
chain with longitudinal field
perturbation

HFH TREFIRF IR
FIRFHE AR BEN D
FREREIR

Advanced accelerators and light
sources based on micro-plasma
waveguide

BT SR HNMIRSATHRE
DERER SR

Novel quantum interfacial
control

HMEREE R

Construction of TRIDENT
Phase Il

FB T RIS
RERIE —HA

Developing direction, selec-
tion rules and operation
management of national
major scientific and techno-
logical infrastructures
EREAREMIRIER R
[, BRI RIETEE
Extreme states of matter -
emerging frontiers in inter-
disciplinary research
mIS-Anas X ER
[icalloika

FELER(E]

2020-07-01

2023-06-30

2021-10-01

~

2023-09-30

2021-10-01

2023-09-30

2021-07-13

~

2023-07-12

2023-07-10

2023-12-31

2023-01-01

2023-12-31
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T. D. Lee Colloquium

NO.1 Quantum Entanglement and Beyond

Jian-Wei Pan (F&&(H)

University of Science and Technology of
China

2023-02-08

NO.3 Binary stars in the new millennium

Zhanwen Han (&53)
Yunnan Observatories, CAS

2023-03-17

NO.5 High-Sensitivity Superconducting
Detectors for Terahertz Astronomy

Sheng-Cai Shi (S84)
Purple Mountain Observatory, CAS
2023-05-16

NO.7 Particle View in Crystals

Qian Niu (4i38)

University of Science and Technology of

2023-09-21

NO.9 Quasiparticles and Quasiworlds

Frank Wilczek

Tsung-Dao Lee Institute &
Massachusetts Institute of Technology

2023-11-27

NO.2 Topology and exotic electronic phas-
es in two-dimensional kagome supercon-
ductor CsV3Sb5

Xianhui Chen (FHUKE)

University of Science and Technology of
China

2023-02-17

NO.4 Quest to infinity — Challenges and
Opportunities for China

Yifang Wang (EB%)
Institute of High Energy Physics , CAS
2023-03-30

NO.6 Ordered and tunable Majorana-zero-
mode lattice in naturally strained LiFeAs*

Hong-Jun Gao (Fi18%3)
Institute of Physics, CAS
2023-06-14

NO.8 I KRbEpa#P-202 35 I /RYPERAZ Rt

Zhiyi Wei EEWY)
Institute of Physics, CAS

2023-11-02

NO.10 Exploring the Nonthermal Universe
with high energy gamma-rays
Felix Aharonian

The Max Planck Institute for
Nuclear Physics

2023-12-07

94

Master Distinguished Lecture

NO.176 EFERFRARMWIEE

Tao Xiang ([Ei%)
Institute of Physics, CAS
2023-03-23

Joint TDLI/SPA Colloquium

The XENON project

Elena Aprile
Columbia University
2023-11-09

IceCube: Opening a Neutrino Window on
the Universe from the South Pole

Francis Halzen

Wisconsin IceCube Particle Astrophysics
Center and University of Wisconsin—
Madison

2023-11-24

The future of high-energy physics with
colliders

Michelangelo Mangano
CERN
2023-11-20

95

NO.180 FREREMFRFHRNRITRE

Chao Tang (i7#8)
University of Geneva

2023-04-21

Looking for the Biggest Bangs since the Big
Bang

John Ellis
CERN & King's College London
2023-07-28

All the dark we can not see - the state-of-
the art in direct searches for particle dark
matter

Laura Baudis

University of Zurich

2023-11-24
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15 Giants in the Universe — A Dynamic View of Galaxy - 2h 2/14 The haonic Equation of State for Neutron Stars Laura Tolos
ongyao Zhang
Clusters 2/16 Configuration-Interaction Shell Model and Its Recent oy
enxi Yuan
QCD matter and phase transitions in the early universe . Progress
1/5 it Mei Huang
and inside compact stars e Dark matter and high-energy neutrinos confronting ter- Nineaiang S
inggiang Son
1/6 Fast timing detector R&D at ATLAS for HL-LHC Mengging Wu restrial experiments galang >ong
Uncovering Impacts of Gas Accretion, Mergers, and En- 2/21 10 years after Higgs discovery, we are building a new el (]
vironment Across Cosmic Time via Multivariate Spatio- detector
e | Sl o S e, e, ad s | e
emporal Analysis of Star Formation, ivietals, and Sub- Constraining high-density deconfinement phase transi-
structures. 2/22 tions with gravitational wave spectroscopy of binary Peo Espino
1/10 Toward Multi-Channel Studies of Dark Matter Weikang Lin neutron star mergers
1/10 High precision study of antineutron and hyperons inter- Weirmin Son 2/22 Evolution of Helicity Property of Relic Neutrinos Jen-Chieh Peng
act with nuclei at a future super J/ factory 8 o ) ) )
e Tree unitarity, gauge invariance, and coupling- h -
1/11 Neutron-Star Cooling Effects on Type-| X-ray Bursts Akira Dohi / kinematics in on-shell amplitudes Sl
111 Observational signatures of compact objects in active Hiromichi Taga- - Probing and manipulating topology and quantum geom- A .
. . nyuan Gao
galactic nuclei wa, JSPS etry in 2D materials y
1/12 Time-varying resonant mass at collider and beam dump Jia Liu 2/24 Search for New Physics with di-Higgs Process Hao Zhang
experiments
2/27 Asteroseismic masses of GK giant stars in East Asian y T
: : uanyu Ten
1/13 Amplitude Analysis and BF Measurement of D_sA+-> Tong Sun Planet Search Network (EAPS-Net) with TESS v g
M+ A0 n'
2/28 Pattern of global spin alignment of $(1020) and KE0 e
; inhui Chen
1/20 Emergent space-time meets emergent quantum phe- F—— (892) mesons in heavy-ion collisions
nomena
A Landau-Zener formula for the adiabatic gauge poten- .
A glimpse of RIXS and its applications in quantum mate- i 3/1 tial Gabriel Cardoso
2/8 ol Ke-Jin Zhou
rials
3/1 Dark Matter Induced Nucleon Decay Signals in Meso- Joshua Berger &
2/9 New Physics Search With Novelty Detection Xuhui JIANG genesis Gilly Elor
3/1 FBLHC LR ssipBidiBNE R 74514 Sigi Yan
2/10 Weak Lensing Cosmology and its Error Analysis JiYao ekl g 8
55 Constraining Axion-like Particles from Multimessenger h h
2/13 In the search for dark matter Xin Xiang / signals of GW170817 VST 2

96
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3/7
3/8
3/9

3/10

3/10

3/14

3/16

3/21

3/22

3/22

3/22

3/23

3/23

3/28

3/28

3/29

3/29

Search for New Physics with Atomic Magnetometers

Fermion quaupling condensates, theory and experi-
mental status

B-meson LCDA and LaMET

The central engine, jet structure, and high-energy emis-
sion of gamma-ray bursts

Exploring the Weakly Interacting Massive Particle Para-
digm beyond: Dark Matter and Colliders

Long baseline neutrino experiments NOvA and DUNE

Development of transition edge sensor microcalorime-
ter and SQUID-based readout system

Extending the Horizon of Dark Matter Searches

The Nature of Hot and Dense Strongly-Interacting
Matter

Complementarity of Lepton Collider Probes of Dark
Matter

Chiral TSC, Charge-4e SC and Chiral Metal Phases in the
Twisted-Bilayer Quasicrystals

Thinking about Particle Physics at 10 TeV and Above

First WIMPs Dark Matter Search with XENONNnT

Experimental Search for Charge Lepton Flavor Violation

Flares from the Supermassive Black Hole Sgr A*

Making Fire Balls from Primordial Black Holes

Aneev spectroscopy of iron-based superconductors of
the 1111, 111, and 122 families

98

Wei Ji

Egor Babaev

Ji Xu

Yun-Wei Yu

Jia Liu

Jianming Bian

Bo Gao

Shengchao Li

Anew W. Steiner

Kai Ma

Fan Yang

Michael E. Peskin

Fei Gao

Zhengyun You

Xi Lin

Minxi He

Tatiana Kuzmiche-
va

3/31

3/31

4/4

4/6

4/11

4/12

4/12

4/13

4/14

4/18

4/19

4/20

4/20

4/21

4/25

4/26

4/27

Measuring Microlensing Event Rate Towards the Galac-
tic Center

Quantum Computing for New Physics Searches

Progress and Prospects of Accelerator Research at IHEP

CP violation induced by the interference of intermediate
resonances in multi-body decays of heavy haon

Short-Range Correlations and EMC Effects

Pressure-induced Superconductivity at 32 K in MoB2

Transport in strongly interacting van-der-Waals stacks

Lattice calculation of Collins-Soper kernel
On the formation of dark matter deficient galaxies

Studies on Higgs Boson Yukawa Couplings and Self-
coupling at ATLAS Experiment

Absence of vestigial order: how a nematic superconduc-
tor (not) behaves

High Precision Proton Charge Radius Experiments at
Jefferson Lab

Scanning Probe Study of 2D Devices
EFNRFEI TS NIEEIE IR RN FIAR

BESIII Physics after 15 Years: Recent Results and Pro-
spects

Chiral molecular polaritons: cavities, analytical models,
and applications

Lattice Quantum Chromodynamics and High-Precision
Frontier Studies in High-Energy Physics

99

Bo Ma

Yingying Li

Yuhui Li

Zhen-Hua Zhang

Zhihong Ye

Yanpeng Qi

Alessano Principi

Hai-Tao Shu

Go Ogiya

Yanlin Liu

Pye Ton How

Weizhi Xiong

Jiamin Xue

Teng Li

Dayong Wang

Denis G. Baranov

Xu Feng
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4/28 Algebraic Geometry and Bethe Ansatz Yunfeng Jiang 5/19 Type-Il Planet-disk interaction in windy circum-stellar Yuhiko Aoyama,
disks Boya
FU Ori episodic accretion: a class | protostar powered by
4/28 destruction of a very young hot Jupiter that came all the Sergei Nayakshin 5/19 New frontiers of electroweak physics at the LHC Philip Chang
way from 50 AU - . .
5/24 U:{jl]l;ltr;iscrj:g:iiliQUID microscopy to explore 2D Yihua Wang
Supercritical growth of seed BHs at cosmic dawn and co q
5/4 -evolution with host galaxies: a perspective regarding  Haojie Hu Beta processes in atoms and ions: applications in neutri- .
5/24 . Oleg Titov
outflows no physics
5/5 Simulating Bondi-like and Super-Eddington Accretion - Ui Bt 5/25 Effective Field Pathway to New Physics Jiang-Hao Yu
ane Lixin Dai
Flows around Black Holes
5/25 Magnetic properties of orbital Chern insulators Jihang Zhu
Growth of curvature perturbations in non-minimal cur-
5/8 . o Chao Chen . . .
vaton scenario revisited 5/26 Turbulence in outer protoplanetary disks Can Cui
5/9 From Particle Physics to Medical Physics: PET Research [ Invisible Higgs & trigger challenges on ATLAS: A discus-
at the University of Texas at Austin onhn Lesar 5/26 sion on Dark sector, Higgs boson, Trigger, and ML/Al on Tae Min Hong
FPGA
5/10 Electron-phonon coupling and symmetry breaking in the AL K.
irk Wulferdin ' i
CDW phase of Kagome metals g 5/29 Landau sc;hoc‘al, Landau's puzzle on QED, and the birth of Wei Liao
renormalization group
5/11 A Beautiful Path to Quantum Chromodynamics Yu-Ming Wang
5/30 JUNOQ’s potential for atmospheric neutrinos Duyang Hongyue
5/12 Jitter Radiation Applied in the High-energy Astrophysics Jirong Mao
Gluon Transverse Momentum Dependent Parton Distri- .
6/1 bution Functi t LaMET Ruilin Zhu
Topological quantum computing in iron-based super- o ution Functions at La
5/12 ducti ] Xin Liu
conducting nanowires —— : :
6/5 IIi/lf'fec‘uve Field Theory in Electroweak Physics and Dark Yerneles 2
5/12 First results from the FASER experiment at LHC Ke Li atter
5/16 Spectroscopy and exotic haons Zhiging Liu 6/6 Qh(;c;?gsl'ne?(:!:i?;:z:ti Software for particle and nuclear feremen A
Magneto-infrared spectroscopy of Weyl Fermion in new )
5/17 o ) Yuan Xiang . . .
spahal dimension 6/6 ACCEIeratlng event reconstruction in neutrino tele- el iy
scopes using sparse convolutional neural networks
5/18 Non-strong CP violation in flavor physics Qin Qin
Magnetic Topological Materials: Design, Synthesis and o . Identification of DM, neutrino and new neutrino inter- L
5/18 Shiming Lei e action statistically in DM direct detection experiments Bing-Long Zhang

Characterizations

100 101
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Entanglement and Bell's inequalities with boosted semi-

Searching for matter creation via neutrinoless double

6/12 Zhongtian Don in- i
/ leptonic top quarks at the LHC g & 7/4 St ey Pin-Jung Chiu
Search for dark photons and collider neutrinos with ; o ;
6/13 SR Xin Chen 7/6 Realistic scattering of puffy dark matter Wenyu Wang
6/14 Matter, dark matter and primordial black holes from Kepan Xie 7/7 The Universe in a Computer Shell Lile Wang
first-order phase transitions
Orbital Fulde—Ferrell-Larkin—Ovchinnikov state in an
Ray-tracing Based General Relativistic Radiative Trans- - : 7/12 : Noah F. Q. Yuan
6/16 . Mikiya Takahashi Ising superconductor
fer: Development and Application
Newborn super star clusters at Cosmic Noon under . .
7/14 iwational | Liang Dai
ravitational lenses
6/16 The Top-Higgs Coupling: A Key to Inferring Higgs Physics Shuo Han :
Signatures of Strong Dark Matter Self-Interactions: from .
7/14 . . Haibo Yu
Dwarf Galaxies to Supermassive Black Holes
6/16 Particle Production during and after Inflation Wei Xue Kagome Metals and Superconductors - A “Basket” Full L
7/18 ) Zigiang Wang
of Novel Correlated and Topological Matter
6/19 From Cosmic Surveys to Dark Matter & Black Holes Ting Li 7/19 e dlees N e e pEhe SR MR e
6/20 R.ecent Results fr.om AMS experiment on the Interna- Hai Chen o New results at the forefront of nanohertz gravitational 2HU Xingjiang
tional Space Station wave astronomy
6/27 Crime Scene Investigation at JUNO Wuming Luo 7/26 Neutrino Tomography of the Earth PETCOV S.T
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Optimization of target compression for high-gain fast ignition via machine learning
Song, Huanyu; Wu, Fuyuan; Sheng, Zhengming; Zhang, Jie
PHYSICS OF PLASMAS 30 9 (2023) 92707

The anomalous shift of the weak boson mass and the quintessence electroweak axion
Lin, Weikang; Yanagida, Tsutomu T.; Yokozaki, Norimi
COMMUNICATIONS IN THEORETICAL PHYSICS 75 3 (2023) 35203

Design of the Readout Electronics for the TRIDENT Pathfinder Experiment
Wang, M.X.; Gong, G.H.; Miao, P.; Sun, Z.Y.; Tang, J.N.; Wu, W.H.; Xu, D.L.
IEEE TRANSACTIONS ON NUCLEAR SCIENCE (2023) 2240

Efficient combination and enhancement of high-power mid-infrared pulses in plasmas
Zhu, Xinglong
PLASMA SCIENCE & TECHNOLOGY 25 2 (2023) 20501

Time-resolved ARPES with tunable 12-21.6 eV XUV at 400 kHz repetition rate

Chen, Famin; Wang, Ji; Pan, Mojun; Liu, Junde; Huang, Jierui; Zhao, Kun; Yun, Chenxia; Qian, Tian; Wei, Zhiyi; Ding,
Hong

REVIEW OF SCIENTIFIC INSTRUMENTS 94 4 (2023) 43905

Development of deflector mode for spin-resolved time-of-flight photoemission spectroscopy

Han, Xue; Qu, Jason; Sakamoto, Shoya; Liu, Dongyu; Guan, Dandan; Liu, Jin; Li, Hui; Rotundu, Costel R.; Andresen,
Nord; Jozwiak, Chris; Hussain, Zahid; Shen, Zhi-Xun; Sobota, Jonathan A.

REVIEW OF SCIENTIFIC INSTRUMENTS 94 10 (2023) 103906

Feq+y Te x Se1-  : A Delicate and Tunable Majorana Material

Yang, Fazhi; Phan, Giao Ngoc; Zhang, Renijie; Zhao, Jin; Li, Jiajun; Lu, Zouyouwei; Schneeloch, John; Zhong, Ruidan;
Ma, Mingwei; Gu, Genda; Dong, Xiaoli; Qian, Tian; Ding, Hong

CHINESE PHYSICS LETTERS 40 1 (2023) 17401

Laser-Chirp Controlled Terahertz Wave Generation from Air Plasma

Xu, Xing; Huang, Yindong; Zhang, Zhelin; Liu, Jinlei; Lou, Jing; Gao, Mingxin; Wu, Shiyou; Fang, Guangyou; Zhao,
Zengxiu; Chen, Yanping; Sheng, Zhengming; Chang, Chao

CHINESE PHYSICS LETTERS 40 4 (2023) 45201
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Gapless Spin Liquid and Nonlocal Corner Excitation in the Spin-1/2 Heisenberg Antiferromagnet on
Fractal

Zou, Haiyuan; Wang, Wei
CHINESE PHYSICS LETTERS 40 5 (2023) 57501

Electroweak Axion in Light of GRB221009A
Lin, Weikang; Yanagida, Tsutomu T.
CHINESE PHYSICS LETTERS 40 6 (2023) 69801

Constraining the Orbital Inclination and Companion Properties of Three Black Widow Pulsars Detected by
FAST

Du, Ze-Xin; Yu, Yun-Wei; Chen, A-Ming; Wang, Shuang-Qiang; Zhou, Xia; Zheng, Xiao-Ping
RESEARCH IN ASTRONOMY AND ASTROPHYSICS 23 12 (2023) 125024

The High-Altitude Water Cherenkov (HAWC) observatory in Mexico: The primary detector
Hist Present HAWC Collaboration

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROME-
TERS DETECTORS AND ASSOCIATED EQUIPMENT 1052 (2023) e168253

Mass testing of the JUNO experiment 20-inch PMT readout electronics
JUNO Collaboration

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROME-
TERS DETECTORS AND ASSOCIATED EQUIPMENT 1052 (2023) 168255

Simulation study on the optical processes at deep-sea neutrino telescope sites
Hu, Fan; Wei, Zhenyu; Tian, Wei; Ye, Ziping; Zhang, Fuyudi; Sun, Zhengyang; Zhi, Wei; Chang, Qichao; Xue, Qiao;
Li, Zhuo; Xu, Donglian

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROME-
TERS DETECTORS AND ASSOCIATED EQUIPMENT 1054 (2023) 168367

The light source of the TRIDENT pathfinder experiment
Li, Wenlian; Liu, Xiaohui; Tian, Wei; Zhang, Fuyudi; Xian, Shishen; Wang, Mingxin; Tang, Jiannan; Hu, Fan; Ye,
Ziping; Miao, Peng; Sun, Zhengyang; Xu, Donglian

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROME-
TERS DETECTORS AND ASSOCIATED EQUIPMENT 1056 (2023) 168588

Pointing calibration of LHAASO-WFCTA telescopes using bright stars
LHAASO Collaboration

NUCLEAR INSTRUMENTS & METHODS IN PHYSICS RESEARCH SECTION A-ACCELERATORS SPECTROME-
TERS DETECTORS AND ASSOCIATED EQUIPMENT 1056 (2023) 168662
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Design, construction and commissioning of the PandaX-30T liquid xenon management system

Wang, Xiuli; Lei, Zhuoqun; Ju, Yonglin; Liu, Jianglai; Zhou, Ning; Chen, Yu; Wang, Zhou; Cui, Xiangyi; Meng, Yue;
Zhao, Li

JOURNAL OF INSTRUMENTATION 18 5 (2023) P05028

A fast tunable driver of light source for the TRIDENT Pathfinder experiment
Tang, J.N.; Wu, W.H.; Li, L.; Miao, P.; Sun, Z.Y.; Wang, M.X.; Xu, D.L.
JOURNAL OF INSTRUMENTATION (2023) T08001

Strong CP violation: Problem or blessing?
Senjanovic, Goran; Tello, Vladimir
INTERNATIONAL JOURNAL OF MODERN PHYSICS A 38 15-16 (2023) 2350067

Emergent Halperin-Saslow mode, gauge glass and quenched disorders in quantum Ising magnet TmMgGaO4
Huang, Chun-Jiong; Wang, Xiaoqun; Wang, Zigiang; Chen, Gang
INTERNATIONAL JOURNAL OF MODERN PHYSICS B (2024) 2450040

Self-focusing, compression and collapse of ultrashort weakly-relativistic Laguerre-Gaussian lasers in near-
critical plasma

Wilson, T. C.; Sheng, Z-M; McKenna, P.; Hidding, B.
JOURNAL OF PHYSICS COMMUNICATIONS 7 3 (2023) 35002

Parametric generation and phase locking of multiple sidebands in the regime of full-back-conversion
Wang, Wenhao; Tao, Yudong; Ma, Jingui; Wang, Jing; Yuan, Peng; Zhang, Dongfang; Qian, Liejia
HIGH POWER LASER SCIENCE AND ENGINEERING 11 (2023) e21

Depolarization of intense laser beams by dynamic plasma density gratings

Wang, Y. X.; Weng, S. M,; Li, P.,; Shen, Z. C.; Jiang, X. Y.; Huang, J.; Zhu, X. L.; Ma, H. H.; Zhang, X. B.; Li, X. F;
Sheng, Z. M.; Zhang, J.

HIGH POWER LASER SCIENCE AND ENGINEERING 11 (2023) e37

Generation of a curved plasma channel from a discharged capillary for intense laser guiding
Li, Jian-Long; Li, Bo-Yuan; Zhu, Xin-Zhe; Bi, Ze-Wu; Wen, Xin-Hui; Lu, Lin; Yuan, Xiao-Hui; Liu, Feng; Chen, Min
HIGH POWER LASER SCIENCE AND ENGINEERING 11 (2023) e58
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Laser chirp controlled relativistic few-cycle mid-infrared pulse generation

Li, Dongao; Zhang, Guobo; Zhao, Jie; Hu, Yanting; Lu, Yu; Zhang, Hao; Li, Qianni; Zhang, Dongze; Sha, Rong; Shao,
Fuqiu; Sheng, Zhengming; Yu, Tongpu

HIGH POWER LASER SCIENCE AND ENGINEERING 11 (2023) e57

Direct generation of ultrashort pulse sequence by optical parametric process
Wang Wenhao; Zhou Bingjie; Zhang Yanfang; Wang Jing; Ma Jingui; Zhang Hao; Qian Liejia
HIGH POWER LASER AND PARTICLE BEAMS 35 9 (2023) 230069

Dynamical quantum phase transitions in a spinor Bose-Einstein condensate and criticality enhanced quantum
sensing

Zhou, Lu; Kong, Jia; Lan, Zhihao; Zhang, Weiping
PHYSICAL REVIEW RESEARCH 5 1 (2023) 13087

Multi-scale projection operator method and coarse-graining of covariant Fokker-Planck theory
Ding, Mingnan; Xing, Xiangjun
PHYSICAL REVIEW RESEARCH 5 1 (2023) 13193

Prospective study on observations of gamma-ray emission from active galactic nuclei using the HADAR ex-
periment

Qian, Xiang-Li; Sun, Hui-Ying; Chen, Tian-Lu; Danzengluobu; Feng, You-Liang; Qi, Gao; Gou, Quan-Bu; Guo, Yi-
Qing; Hu, Hong-Bo; Kang, Ming-Ming; Li, Hai-Jin; Cheng, Liu; Liu, Mao-Yuan; Wei, Liu; Qiao, Bing-Qiang; Xu, Wang;
Zhen, Wang; Xin, Guang-Guang; Yao, Yu-Hua; Qiang, Yuan; Yi, Zhang

ACTA PHYSICA SINICA 72 4 (2023) 49501

Expectation on observations of Fermi-LAT gamma-ray sources using the HADAR experiment

Sun, Hui-Ying; Qian, Xiang-Li; Chen, Tian-Lu; Feng, You-Liang; Gao, Qi; Gou, Quan-Bu; Guo, Yi-Qing; Hu, Hong-Bo;
Kang, Ming-Ming; Li, Hai-Jin; Liu, Cheng; Liu, Mao-Yuan; Liu, Wei; Qiao, Bing-Qiang; Wang, Xu; Wang, Zhen; Xin,
Guang-Guang; Yao, Yu-Hua; Yuan, Qiang; Zhang, Yi

ACTA PHYSICA SINICA 72 19 (2023) 20230977
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Heisenberg uncertainty principle: an advanced undergraduate laboratory experiment based on
quantum quadrature operators

Chen, Yu; Liu, Zhaoyang; Chen, Xin; Liu, Shugqi; Jiang, Jiatong; Wu, Yuan; Guo, Jinxian; Chen, L. Q.
EUROPEAN JOURNAL OF PHYSICS 44 2 (2023) 25302

ARPES studies of the band structures of topological insulators
Hu, JiaYuan; Liu, XiangRui; Liu, Chang; Qiang, Dong
SCIENTIA SINICA-PHYSICA MECHANICA & ASTRONOMICA 53 6 (2023) 267008

Angle-resolved photoemission spectroscopy study on iron-based
Wang, ZhengGuo; Huang, Yong; Zhang, Yan; Zhang, Peng; Ding, Hong
SCIENTIA SINICA-PHYSICA MECHANICA & ASTRONOMICA 53 6 (2023) 267004

Type-ll seesaw Complex Triplet Model: Phase Transition and Global Fit Analysis o — v

Du, Yong
Search for H — aa — 4b exotic decays and VBF HH — 4b with CEPC and ATLAS ]:

NUCLEAR AND PARTICLE PHYSICS PROCEEDINGS 330 (2023) 28
Wang, Zhen ; \ ; N\ %ﬁ 45

NUCLEAR AND PARTICLE PHYSICS PROCEEDINGS 330 (2023) 51

Geometric and topological Higgs mechanisms: Mass generations and massive scattering ampli-

tudes
He, Hong-Jian
NUCLEAR AND PARTICLE PHYSICS PROCEEDINGS 336 (2023) 1

Efficient generation of collimated multi-GeV gamma-rays along solid surfaces
Zhu, Xing-Long; Liu, Wei-Yuan; Chen, Min; Weng, Su-Ming; Wu, Dong; Sheng, Zheng-Ming; Zhang, Jie
OPTICA 10 1 (2023) 118
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B YIRS
Fu~F1
Undergraduate Introduction to Physics Il (Honor)
Autumn .
5 5 58 Sheng Li =&
ARIE 2023 ypmealis (e
Undergraduate Electromagnetism
Autumn
6 ARIE 2023 4 64 Shao-Feng Ge B 5B%
F FIR
%
Undergraduate University Physics (A) (1)
Autumn . W
7 4 64 Ruidan Zhong 9w
S P ek ()
- qu 1
Undergraduate A Probability and Statistics
utumn .
8 AR 5023 3 48 Kun Liu XIJtH
: =551t

156 157



TEACHING ANNUAL
ciapten | BF REBURT

| W 2 0 2 3

Teaching object Semester Credits Credit hours Teachers in TDLI
BEUR ZHA = 20 ZFFREQIm
Undergraduate Thermology
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Undergraduate Computational Physics
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10 2023 3 48 Donglian Xu {R5RE
ABE T+ EyE
Undergraduate Introduction to Astronomy Research
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Undergraduate University Physics (A) (3)
Autumn
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Undergraduate Advanced Topics in Theoretical Physics
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Undergraduate Physical Research Practice |
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Graduate From Earth to Extraterrestrial Civilization Xianyu Tan 1&5c) & Fabo Feng 1B&IK
Sprin
17 zgzgg 3 48
ERE MIBEREI RSP SZEA & Masahiro Ogihara
Graduate Frontiers of Experimental Nuclear and Particle Physics
Sprin X
18 2223g 3 48 Haijun Yang #7i8Z & Kun Liu XIJi#
tHRE RIFYDIR SR IR A
Graduate Discussion of Current Topics in Astrophysics
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19 22238 2 32 Fabo Feng /34 & Masahiro Ogihara
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Graduate Advanced Electrodynamics
Autumn
20 2023 4 64 Jason Evans
tHRE BEBEMNE
Graduate Group Theory In Physics
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Graduate Astrophysical hydrodynamics
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22 — 3 48 Mizuno Yosuke
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Graduate Radiative Processes in Astrophysics
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Graduate Frontiers of Particle Physics
Autumn . .. ==
24 5023 3 48 Xiaogang He {a]/)\Nll & Haijun Yang {7i8%&E
tHRE NIRRT B
Graduate Topics in Modern Physics and Astronomy
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Congratulations to Prof. Hong DING

for Being Selected as CAS Academician

ﬁzozjq;’guz

2023128198 m;m
4

Hong Ding Selected as CAS Academician
TSR ER bt

Jie Zhang Gets the 4th Outstanding Teaching Award
SKAVR B IUBEARHE TR

Jing Yipeng Gets the 2023 Ho Leung Ho Lee Foundation Award
for Scientific and Technological Advancement

RmEER2023FEMRAFIEER FESRAHLR

Jianglai Liu Awarded the 2023 National May Day Labor Medal
XU IR3k2023F 2 ER—HRE

in 2023
A/\QIER2023FE "BRERIH" REAS

Pearl Plan Young Talent in 2023

BERE. 1Bk, REEMSIR2023FE "BAKITR]" B

Baiging Lv Gets the Most Potential Award of 2023 DAMO
Academy Young Scholars Award

BIEEIR2023FEIAERBEREEE IR
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Xiaogang He Awarded Pudong Pearl Plan Leading Talent

Shaofeng Ge, Hualin Mei, Yipeng Wu Awarded Pudong

Yanfeng Hang Awarded 2022 Development Scholarship for
Outstanding Doctoral Graduates in SJTU

MEIEK EBRBAF2022F BT EVERERZS

Wei Tian and Jiahao Yang Awarded 2022-2023
National Scholarship for Graduates

. WMERZ3£2022-2023FFRREERRFS

Shu Li Awarded "Top 10 Class Teachers" ; Shao-Feng Ge&
Ruidan Zhong Awarded "Outstanding Class Teachers" by SJTU
in 2023

SHR2023FE LSSERS: "HEHEE

Shu Li Awarded the Second Prize in the 7th Youth Education
Competition of SJTU; Ruidan Zhong and Kun Liu Awarded the
Third Prize in the 8th Youth Education Competition of SJTU

FER LBRBAFR CEFTRE_FK
Winft, X DERBAFR/\EEHE=FK

Li Fu Nominated for SJTU 2023 Management Service Award
(FFI3% LIS B AR 2023 F SR IRS IR K

Shushu Li Gets TDLI 2023 Distinguished Research Management
Award

B R BB ASR FT2023 AR R A TR

165

TDLI 2023 Outstanding Research Management Award
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Jie Zhang Conducts Over Ten Popular Science
Lectures

#w g, Vadim Grinenko., R%EHPA

S LBRETRKEIROE

Xiaohu Yang, Vadim Grinenko, and Xu Donglian
Team Up for Shanghai Science Festival's Science
Red Carpet
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BE "BBERHE" ’&ikﬂ%ﬂ?z%
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Pudong Pearl Forum Public Science Lectures:
From Quantum Bits to the Universe

REETHhe "FHRENS

“Science-themed Subway Train”

Science Pursuit" Launched
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Frank Wilczek, TiEHE (RIHUR
) ARKIEEN

Frank Wilczek, Hong Ding, and Others Attend
"Exploring the Principles of Everything" Public
Science Event
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Liu Jiang Filming "Chasers of Dark Matter"
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The 5th Next Generation SJTUers Summer
Camp
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Quest of Infinity:
Dreaming of the Starry Sky Concert

167

2

LD
(o]



https://mp.weixin.qq.com/s?__biz=MzU1NTg2NDUzNQ==&mid=2247515257&idx=1&sn=ac17791540f0243fdc05e030e206ac2a&chksm=fbcf24c1ccb8add7e0da7db49c03bd7ca69478c47b87ed3d4a38eb7a381d0d2ee30bde328bef&token=2028427853&lang=zh_CN#rd

> | OUTREACH AND
CHAPTER PRESS CLIPS

e R SR

ANNUAL
REPORT
& O 78

Ew a8

7w

- o

i)

ML | KA : RIEARFHARERM XiCik | BR wREHRESHEP
%, FESRRMRmRE EfFRkL. FAREIFMSTHER

Wenhui Daily: Interview with Jie Zhang Wenhui Daily: Interview with Hong Ding
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Youth Daily Front Page Headline: T. D. Lee

Fellow Donglian Xu Participates in the 2023
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Jiefang Daily Front Page

Pujiang Innovation Forum
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Guangzhou Broadcasting Network: Interview
with Xin Zhao

Vadim Grinenko Foreigners' Perspective on
Free Trade: Vadim Grinenko
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Pudong Release: Interview with Yosuke Mizuno
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Pudong International Talent Hub Promo:

Luca Visinelli
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SKiI&# | Samy Kaci

Zhangjiang Release: Samy Kaci
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Youth Salon: Jingtao Huang

169

kR, #PE | ITEE

New Citizen, New Dreams: Kim Siang-Khaw

L iR
‘ﬁ*ﬁél@gf\/<

W

o]

—_— FHEFE
TH: SN0, FABE, ACEHESHERE

» 000/0302

HERT | T AL, RAERE,
KIS HEBRENE

Pudong Release: Interview with Shu Li
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